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TBANSLATOK'S  PREFACEL 


The  several  EkLitionB  of  Professor  Rudolf  Wagner's  *'  Handbnch  der  Chemischen 
Technologie"  have  succeeded  eacli  otlier  so  rapidly  that  no  apology  is  needed  in 
offering  a  translation  to  the  public. 

There  is  little  to  be  said  as  to  the  arrangement.  Improvements  in  Technological 
processes  that  have  appeared  since  the  publication  of  the  Eighth  German  Edition 
have  been  added  during  translation.  Only  when  necessary  have  Foreign  weights 
and  measures  been  stated  in  English  equivalents ;  where  the  point  has  been  one  of 
comparisoD,  the  weights  have  been  left  unaltered.  Tlie  Metrical  System  has  in 
some  cases  been  of  great  service  in  avoiding  the  repetition  of  tiresome  distinctions 
between  EDglish  and  Prussian  grain  weights,  English  and  Bavarian  foot  measure, 
&c.  Tlio  formula  have  been  subjected  to  careful  revision,  and  are  molecular 
throughout.  Indeed,  every  care  has  been  taken  to  merit  the  confidence  of  tlie 
manufacturer  and  of  the  student. 

Under  tlie  head  of  Metallurgical  Chemistry,  the  latest  methods  of  preparing  Iron, 
Cobalt,  Nickel,  Copper,  Copper  Salts,  Lead  and  Tin  and  their  Salts,  Eisnuth,  Zinc, 
•Zinc  Salts,  Cadmium,  Antimony,  Arsenic,  Mercury,  Platinum,  Silver,  Gold,  Man- 
ganatcs.  Aluminum,  and  Magnesium,  are  described.  Tlie  various  applications  of 
the  Voltaic  Current  to  Electro-Metallurgy  follow  under  this  division.  The  Prepara- 
tion of  Potash  and  Soda  Salts,  the  Manufacture  of  Sulphuric  Acid,  and  the  Recovery 
of  Sulphur  from  Soda- waste,  of  course  occupy  prominent  places  in  the  consideration 
of  chemical  manufactures.  It  is  difficult  to  over-estimate  the  mercantile  value  of 
Mond's  process,  as  well  as  the  many  new  and  important  applications  of 
Bisulpliide  of  Carbon.  The  Manufacture  of  Soap  will  be  found  to  include  much 
detail.  The  Technology  of  Glass,  Stoneware,  Limes,  and  Mortars,  will  present 
much  of  interest  to  the  builder  and  engineer.  The  Technology  of  Vegetable  Fibres 
has  been  considered  to  include  tlie  preparation  of  Flax,  Hemp.  Cotton,  as  well 
as  Paper  Making;  while  the  applications  of  Vegetable  Piodutts  will  bo  found 
to  include  Sugar-boiling,  Wine  and  Beer  Brewing,  tlie  Distillation  of  Spirits, 
the  Baking  of  Bread,  the  Preparation  of  Vinegar,  the  Preservation  of  Wood,  Ac. 
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TRANSLATOR'S  PREFACE. 

Dr.  Wagner  gives  much  information  in  reference  to  the  production  of  Potash 
from  Sugar  residues.  The  use  of  Baryta  Salts  is  also  fully  described,  as  well  as  the 
Preparation  of  Sugar  from  Beet-routs.  Tanning,  the  Preservation  of  Meat,  Milk, 
&c.,  the  Preparation  of  Phosphorus  and  Animal  Charcoal,  are  considered  as 
belonging  to  the  Technology  of  Animal  Products.  The  Preparation  of  the  Materials 
for  Dyeing  has  necessarily  required  much  space;  while  ihe  iinal  sections  of  the 
book  have  been  devoted  to  the  Technology  of  Heating  and  Illumination. 

We  cannot  let  tiiis  work  pass  out  of  our  hands  without  expressing  the  hope 
Uiat,  at  no  distant  date,  Chairs  of  Technology  will  be  founded  in  all  our  Univer- 
sities, and  tliat  tlie  subject  will  be  included  in  tlie  curriculum  of  every  large  school 

Lo9Po:ii  May,  xSts* 


AUTHOR'S    PREFACE    TO    THE    EIGHTH    EDITION 


The  Eighth  Edition  of  my  **  Chemisclien  Technologie'  liaving  followed  the  Seventh 
within  two  years,  but  few  words  of  introduction  are  necessary. 

The  arrangement  of  the  subject-matter  in  former  Editions  has  essentially  been 
left  unaltered,  with  the  exceptions  that  I  have  brought  the  consideration  of  the 
materials  and  products  of  Chemical  Industry,  and  the  Technology  of  Glass  and  of 
Stoneware,  in  former  Editions  arranged  as  one  section,  under  distinct  headings 
The  various  processes  of  Chemical  Manufacture  have  had  much  detail  added.  The 
descriptions  of  the  Technological  Preparation  of  Alkali  and  Ammoniacal  Salts, 
as  well  as  of  the  Tar-colours,  have  in  consequence  of  tlie  extended  application 
of  these  products,  been  much  enlarged.  The  Chemical  formula  are  molecular, 
througliout. 

Of  the  present  Edition  translations  will  be  made  into  English  by  Mr.  William 
Crookes,  of  London,  and  into  French  by  Professor  L.  Gactier,  of  Melle,  Deux- 
Sivres.  A  translation  into  Dutch  of  part  of  the  Seventh  Edition  that  has  recently 
appeared  has  been  made  without  my  permission  or  tliat  of  my  publishers. 

The  First  Edition  of  this  work,  written  whilst  I  held  the  position  of  Private  Tutor 

in  Chemistry  to  the  Philosophical  Faculty  to  the  High-Scliool  of  Leipsic,  appeared 

in  September,  1850.    The  Second  in  May,  1853,  and  the  Tliird  Edition  in  July, 

1856,  were  presented  to  the  public  during  my  Professorship  of   Teclinological 

Chemistry  in  the  Imperial  Industrial  Schools  of  Nuremburg.     Tlie  later  Editions 

appeared— 

Tlie  Fourth  in  May,  1859. 

„     Fifth  in  May,  1862. 

„     Sixtli  in  October,  1865, 

„     Seventh  in  March,  1868, 

during  intervals  in  my  official  duties  in  Wurtzburg ;  and  in  these  I  have  been  much 

assisted  by  the  contributions  and  suggestions  of  many  friends,  to  whom  I  now  tender 

my  sincere  thanks. 

Db.  RUDOLF  WAGNER 
Universitt  of  Wurtzbubo, 
December  loth,  1870. 
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fltmotion  of  the  Heap,  705,  Charcoal  Burning,  706.  Carbonisation  in  Beds,  706* 
CarhoDLBation  in  Ovens  or  Kilns,  706.  CarbouisatioiL  of  Wood  in  Ovens,  708.  Pro- 
perties of  Charcoal,  710,  Composition  of  Wood  Charcoal,  711.  Combustibility  and 
Heating  Effect,  711.  Cbarbon-lioux ;  Torrifled  Charcoal,  711.  Boasted  Wood; 
Boifi'Iioux,  712. 

Pkat — Peat,  712.  Drying  Peat,  713.  Heating  Effect  of  Peat,  715.  New  Method  of 
Utilising  Peat,  7x5. 

Casbonibki>  Peat.— -CarhoniBed  Peat,  715. 

BaowN-coAL.^ — Brown-coal,  716,    Brown-coal  as  Fuel,  717. 

Pit  Coal,  or  Coal. — Coal,  717.  Accessory  Constituents  of  Coal,  718.  CI ossifi cation  of 
Coals,  718.  Anthracite.  719.  Caking  Coal,  719.  Calorific  Effect,  721.  Evaporativo 
Effect  of  Coals,  721.    Boghead  Coal,  722. 

PETROLEuir  AB  Fdkl. — ^Petroleom  as  Fuel,  722. 

CoK£a — ^Coke,  723.  Coking  in  Heaps,  724.  Coking  in  Ovens,  724.  PropertieB  of  C^^ko, 
729.     Composition  of  Coke  and  ita  Value  as  Fuel,  729, 

AnTtriciAL  Fuel.— Artificiai  Fuel,  729.    Peras,  729,    Briqaettes,  730. 

Gaseous  Fuel.— Gaseous  Fiiel,  730.    Gas  for  Heating  Purposes,  731. 

Heatinq  Appaiutub.^ — ^Warming,  73T. 

HxATiNa  BwEi^LiN'o  HouHES.— Heating  Dwelling  Houses,  732,  Direct  Heating,  732. 
Chimney  Heating,  733.  Stove  Heating,  733.  Iron  Htoves,  734,  Fire-clay  Stoves, 
734.  Compound  Stoves,  735,  Air  Heating,  737.  Caloritiera,  73S.  Flue  Heating, 
739,  Hot  Water  Heating,  739,  Heating  with  Steam,  740.  Combination  of  Steam 
and  Hot  Water  Heating,  740.  Gas  Heating,  740.  Heating  without  Ordinary  Fuel, 
740. 

BoiLCR  HBAxma  Awn  CoNstrupTioj?  of  Suokb,— Boiler  Heating,  740,  Smoke  Consuming 
Apparatus,  741.  Step  Grate,  742,  Etage,  or  Stage  Grate,  743,  Movable  Grate, 
743.  Chain  Gratei«,  743.  Rotating  Grate,  744.  Improved  Fuel  Supply,  744.  Pult 
Firefi,  744.  Vogl'B  (irato,  j.p^,  Boqnillon's  Grate,  744.  Apparatus  of  Cutler  and 
George,  744,  Appflrfitns  with  Fuftiual  Distribution,  744.  Consumption  of  Smoke 
by  the  Aid  of  Collateral  Air  Currents,  745.     GaU'5  Fireplace,  745.    Be«um^,  745. 
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Man's  labour,  considered  from  an  economical  point  of  yiew,  is  of  a  tlireefold  kind, 
being  cither  productive,  improving,  or  converting.  We  distinguish  likewise  between 
the  productions  obtained  from  the  soil  taken  in  its  \\-idest  sense,  and  between  com- 
merce and  manufacturing  industry. 

The  department  of  labour,  the  object  of  which  is  to  prepare  and  render  fit  for  use 
the  raw  materials  yielded  by  nature,  is  that  which,  in  a'  more  restricted  sense,  is 
called  manufacturing  industry',  and  the  description  and  elucidation  of  the  methods 
by  which  this  object  is  attained  is  called  technology,  from  r/x*^  and  \6yos.  Taken 
in  a  general  sense,  this  word  would  apply  to  all  trades,  arts,  and  manufactures, 
whatsoever;  exclusive,  however,  of  actual  artist's  work — notwithstanding  the 
latter  exceeds  the  industries  in  respect  of  the  money-vahie  of  its  productions — and 
exclusive,  also,  of  such  trades  as  tailoring,  dress-  and  shoe-making,  in  which  only 
certain  commodities  from  materials  that  have  been  produced  by  manufacturing 
industry  are  worked  up. 

Mining  and  quarrying  operations,  as  well  as  commerce,  do  not  belong  to  tech- 
nology, because  the  former  deal  with  the  getting  to  hand  of  naturally  existing 
materials,  and  the  object  of  the  latter  is  either  the  carrying  and  distributing  of  the 
products  from  various  parts  of  the  world  to  the  wholesale  consumers,  or  the  pro- 
ducts of  different  kinds  of  one  and  the  same  countrj-  to  the  population  thereof.  The 
X)osition  of  some  industries  is  somewhat  difificult  to  define  in  this  sense,  for  while 
metallurgy  and  the  knowledge  of  tools  and  machinery  are  undoubtedly  an  integral 
portion  of  technology,  taken  in  its  widest  sense,  the  construction  of  railways,  roads, 
and  bridges,  as  well  as  shipbuilding,  architecture,  artillery  science,  &c.,  do  not  come 
within  the  province  of  technology,  but  belong  either  to  engineering  science  or  are 
specialities  to  be  separately  taught  and  described. 

Technology  is  not  a  self-contained  science  which  possesses  its  own  peculiar  doctrine 
and  foundation ;  it  simply  borrows  the  principles  and  experience  obtained  by 
mechanical  and  natural  sciences,  always  taking  into  consideration  the  best  mode  of 
applying  these  principles  to  the  preparation  of  raw  materials  to  become  objects  suit- 
able for  use.  Technology  is  accordingly  practical  natural  science,  having  for  its 
object  the  reduction  of  manufacturing  industry  to  the  natural  principles  upon  which 
it  is  based,  and  teaching  the  most  advantageous  methods  and  processes  by  which  the 
raw  materials  are  prepared  for  use.  Baw  products,  which  are  either  in  the  con- 
dition nature  yields  them,  or  which  have  already  been  in  the  hands  of  the  manu- 
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foctiircr,  wo  changed  by  the  labour  of  men,  cither  in  tlieir  out  T^ard  form  onlj-,  or  in 
thoir  inner  composition,  and  upon  this  distinction  is  based  the  division  of  technology 
into  mechanical  and  chemical ;  the  former  division  ombraccg  such  iaduBtnes  ashaYo 
only  for  their  object  tho  changing,  altering,  and  modifying  tho  form  and  shape  of  the 
raw  material^  its  inner  eompoaition  renmining  unaltered ;  as  instances  we  qnoto  tho 
joiner  and  carpenter  working  in  wood,  tho  making  of  iron  ralL^,  sheath  metal,  and 
wire,  the  casting  of  iron,  zinc,  and  alloys  of  copper  into  various  objects,  the  spinning 
and  weaving  of  varioinii  fibres,  fiax,  cotton,  jute,  to  become  nuiterials  of  greater 
value  ;  also  the  manufacturing  of  paper  from  Tw^y  of  hom  into  combe,  and  bristles 
into  bruehes,  belong  to  this  &ectton. 

Ohem.ical  technology,  howovor,  deals  with  the  oi>eratioiifi  by  which  a  raw  material 
is  not  only  changed  iu  its  form,  but  up^dnUtj  tm  rr^gards  its  nature :  such,  for  instance, 
is  the  case  with  the  extraction  of  metala  from  their  ores ;  tho  conversion  of  lead  into 
whito-Iead  and  sugar  of  leatl  (acetate  of  lead) ;  the  conversion  of  sulphate  of  baryta 
into  chloride  of  barium  and  baryta  white  (permanent  or  Chinese  white) ;  the  conver- 
sion of  cryolite  into  sulphate  of  alumina,  alimi,  and  soda ;  tho  conversion  of  rock  salt 
into  sulphato  and  carbonate  of  soda ;  tho  conversion  of  cam  alii  to  and  kainito  intc  1 
chloride  and  bromide  of  potassium,  sulphate  and  carbonate  of  potasiia ;  the  conver- 
sion of  copper  into  verdigris  and  sulphato  of  copper ;  the  manufacture  of  paraffin  and 
piraffin  or  crystal  oils  from  peat.  Boghead  coal,  and  Mgnito ;  the  preparatiun  of  kelp 
and  iodine  from  seaweeds ;  the  manufacture  of  stearino  candles  (stearic  acid  properly) 
and  Boap  from  oils  and  fats;  the  preparation  of  sugar  and  alcohol  from  starch ;  tho 
conversion  of  alcohol  into  vinegar ;  the  brewing  of  beer  from  barley  and  hops ;  the 
manufacture  of  pig-iron  into  malleable  iron  (puddHng  process),  and  tho  conversion  of 
malleable  iron  into  steel ;  the  production  of  gas,  coke,  and  tar  from  coals;  the  extrac- 
tion from  the  tar  of  such  substances  as  benzol,  carbolic  acid,  aniline,  anthracen, 
jisphalto*  naphthaline  ;  tho  preparation  of  tar  colours,  as  rosanilino,  aniline  blue, 
Manchester  yellow,  Hagdala  rotl,  alizarine,  iodine  green,  pima  acid,  &c.  In  veiy 
many  cases,  however,  the  preparation  wliich  the  raw  materials  have  to  undergo 
before  fit  for  use  is  simultanconsly,  or  at  least  consecutively,  a  mechanical 
%i^  well  as  a  chemicjil  process ;  for  inst4inee,  in  tho  manufacture  of  glass,  sand, 
potajsh,  Glauber  salt  (sulphate  of  soda),  carbon  a  to  of  soda,  and  limestcme,  am  first 
fused  together  to  form  glass  (a  true  suit,  a  silicate),  and  tho  soft  mass  is  next  wrought 
in  various  ways  to  form  window- glas,'^,  tumblers,  bottles,  &c»  Another  instiince  is  tho  i 
manufacture  of  beet-root  sugar,  in  tho  extraction  of  which  tho  sugar  itself  is,  it  is 
true,  not  altered  or  changed  in  any  way  (this  being  as  much  as  possdblo  avoided),  but 
tho  process  of  extraction  is  a  combination  of  mechanical  and  chemical  operations,  the 
hitter  bearing  chiefly  upon  tho  piirification  of  the  sugar,  so  as  to  free  it  from  adheringf  | 
foreign  fiubetancHjs.  Tlie  same  observation  applies  to  tho  manufactuixj  of  starch,  to 
tanning  operations,  ab«»  to  the  various  processes  of  dyeinj  and  calico  printing. 

The  ceramic  arts  (that  is  to  say,  tho  manufacture  of  earthenware,  potti^ry,  china, 
&e,),  are  generally  included  in  chemical  technology,  although,  in  the  production  of 
tho  objects  alluded  to,  the  mechaniail  operations  and  fine  art  procesii^es  predomi- 
nate, Pyrotcchny  (that  is  to  say,  the  consideration  of  fuel  and  of  its  most.  us<?ful 
It. id  advantageous  application  to  tho  production  of  heat,  and  the  best  motie  of  I 
lonstructing  fomacea,  ovens,  chinmoys,  &c.)»  is  one  of  tho  most  important  porta 
of  chemical  technology. 

From  the  foregoing  the  reader  will  readily  perceive  that  it  is  scarcely  possible 
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to  draw  a  sharp  lino  of  demarcation  between  the  two  divisions  of  technology 
(mechanical  and  chemical)  alluded  to.  We  therefore  define  chemical  technology 
best  by  designating  it  as  that  branch,  of  industrial  science  which  treats  of  the  pro- 
cesses and  methods  by  which  the  nature  of  raw  materials  is  usually  altered. 

In  mechanical  technology,  machinery  of  various  description,  acting  as  the  motive 
agent  or  for  the  exertion  of  great  power,  for  the  transference  of  movement  or  for  the 
regulation  thereof,  and,  lastly,  as  an  actual  implement,  always  plays  a  very  prominent 
part,  whilst  in  chemical  tochuulogy  its  position  is  altogether  subordinate  ;  the  great 
aim  of  improvement  being  chiefly  directed  towards: — i.  Economisation  of  raw 
material,  and,  if  by  any  possible  means,  its  regeneration.  2.  Economy  of  fuel. 
3.  Economy  of  time  by  improved  and  shortened  methods  of  the  various  operations. 

The  ideal  of  a  chemical  manufactory  is  that  there  should  bo  no  real  waste  products 
at  all,  but  only  chief  or  main,  and  by-products.  The  better,  therefore,  the  waste 
products  are  applied  to  good  and  advantageous  use,  the  more  nearly  the  manu- 
factory will  approach  the  ideal,  and  the  larger  will  be  the  profit. 
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Gexebal  Observations. 

"•'jSuSuigy.**™  Metallurgy,  in  a  more  restricted  sense,  embraces  tlie  doctrine  of 
the  various  processes  ahd  operations,  some  of  which  are  purely  mechanical,  others 
again  purely  chemical,  by  means  of  which  metals  and  some  preparations  thereof  are 
obtained  on  a  large  scale.  We  treat  in  the  following  pages  almost  exclusively  of 
the  chemical  operations  and  processes  by  the  aid  of  which  ores  are  converted  into 
metal  or  into  some  other  product,  and  we  shall  therefore  investigate  the  changes 
which  the  ore  undergoes  when  submitted  to  different  processes  and  operations  re- 
sulting in  the  extraction  of  the  metal.  The  number  of  the  metals  which  belong  to 
this  category  is  not  very  large ;  the  chief  are  iron,  cobalt,  nickel,  copper,  lead, 
chromium,  tin,  bismuth,  zinc,  antimony,  arsenic,  mercury,  platinum,  silver,  gold. 
Excepting  chromium  and  cobalt,*  other  metals  are  brought  into  the  metallic  state  by 
means  of  smelting  furnaces ;  but  preparations  of  nickel,  antimony,  and  arsenic  are 
also  obtained  metallurgically.  Magnesium  and  aluminium  are  as  yet  only  prepared 
in  chemical  manufactories.  Metallurgy,  as  a  part  of  technology,  treats  chiefly  of 
the  physical  and  chemical  principles  upon  which  the  extraction  of  metals  from  their 
ores  is  based;  and  includes,  therefore,  the  description  of  the  operations  as  based  upon 
these  principles.  Only  very  few  metals  are  found,  in  the  native,  that  is,  metallic 
state  :  most  of  them  occur  as  chemical  compounds  in  the  mineral  kingdom,  and  these 
owfc  are  termed  ores ;  they  are  partly  chemical  combinations  of  the  metal  with 
metalloids,  and  partly  consist  of  rock  or  gangue.  Moreover,  the  term  ore  applies 
only  in  an  industrial  sense  to  those  minerals  which  are  worth  the  miner's  working. 
Metals  are  foimd  chiefly  in  combination  with  oxygen  and  sulphur.  Metals  occur  in 
the  ores  in  the  following  conditions : — i.  In  the  native  state,  embedded  in  quartz, 
granite,  gneiss,  and  other  minerals, — gold,  silver,  platinum,  mercury,  copper,  and 
bismuth.  2.  Combined  with  sulphur,  as,  for  instance,  antimony,  arsenic,  and  lead ; 
these  combinations  being — (a)  single  ores,  as,  for  instance,  cinnabar  (sulphuret  of 
mercury),  HgS;  galena  (sulphuret  of  lead),  PbS;  speisscobalt  (a  compound  of  cobalt 
metal  and  arsenic),  CoAs ;  {b)  double  ores,  as,  for  instance,  sulphuret  of  iron  and 
copper  (peacock  ore),  FcaSj.aCuaS ;  iron  and  copper  pyrites,  FojSj.CuaS ;  red  silver 

«  Since  1862  H.  Fleitmann  has  prepared  chromium  and  cobalt  on  the  largo  scale  bv  a 
metallnrgiMd  prooeis. 
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ore,  Sb2S3,3AgS.  3.  Combined  "with  oxygen,  ores  occur  as — (a)  basic  oxides,  as,  for 
instance,  hematite  iron  ore,  FcaOj ;  tinstone,  SnOa ;  red  copper  ore,  CuaO ;  (fe)  as 
hydrated  oxides,  as,  for  instance,  bog  iron  ore,  Fea03,3H20 ;  (r)  as  oxysalts,  as  for 
instance,  malachite,  CuCOs+CuHjO.  4.  Combined  with  sulphur  and  oxygen, 
aa  for  instance,  red  antimony  ore,  2Sb2S3+Sb203.  5.  Combined  with  haloids,  aS  for 
instance,  the  so-called  horn  silver  ore,  AgCl.  6.  In  combination  with  haloids  and 
oxygen,  as,  for  instance,  horn  lead  ore,  PbC034-I*bG3. 

^^'^^Jjjf  ®'  Since  the  ores  are  not  found  in  a  state  anything  approaching  to  purity, 
but  are  mixed  in  the  first  place  with  what  is  technically  termed  gangue — rock,  stone, 
or  earth  of  any  kind ;  and  moreover,  since  very  frequently  the  ores  of  different 
metals  occur  mixed  together,  they  require,  on  being  brought  out  of  the  mine,  to  be 
broken  up  and  to  be  separated  by  mechanical  means  from  the  gangue  and  from 
other  impurities.  These  operations  as  a  rule  are  carried  out  on,  or  near,  the  spot 
where  the  ores  are  raised,  and  are  designated  by  the  name  of  dressing;  the 
mechanical  preparation  of  the  ore  is  partly  executed  by  hand,  women  and  children 
being  frequently  engaged  in  picking  out  worthless  stuff  from  among  the  minerals 
brought  to  bank;  this  sorting,  accompanied  commonly  by  the  breaking  up  of  the 
ore  into  small  lumps,  an  operation  executed  by  men  with  suitable  hammers,  is 
usually  so  carried  on  ds  to  separate  the  ore  into  three  kinds.  The  ore  thus  selected 
is  placed  in  separate  heaps,  which  may  be  classed  as  follows : — a  heap  containing 
rich  ore  of  sufficiently  good  quality  to  bo  fit  to  be  directly  smelted  ;  another  heap 
contains  ore  which,  previous  to  its  being  fit  for  the  smelter,  has  to  be  further 
prepared,  thai  is,  purified  from  mechanically  adhering  impurities ;  while  the  third 
heap  is  devoted  to  such  poor  ore  as  would  not  pay  the  expense  of  the  extraction  of 
the  comparatively  small  quantity  of  metal  it  contains.  The  mechanical  operations 
alluded  to  are  frequently  effected  by  the  aid  of  machinery,  stamp  and  dressing  mills, 
while  very  often  water  is  used  in  completing  the  operations,  its  use  being  chiefly 
to  remove  the  clay  and  earthy  matter,  sand,  and  pulverised  rock  from  the  specifi- 

prepjTatioii  of  ^jy  j^eavicr  mineral.  The  dressing  of  the  ores  having  been  finished, 
they  are  fit  for  the  smelting  operations,  but  in  many  instances  these  cannot  be  pro- 
ceeded with  until  the  ores  have  undergone  a  preparation,  consisting  in  some  cases 
of  an  exposure  to  air — weathering ;  in  others,  again,  in  a  heating  of  the  ores,  without 
access  of  air,  designated  calcination,  or  a  heating  with  access  of  air,  termed  roasting. 

The  object  of  the  exposure  to  air  is  in  some  instances  to  effect  the  weathering  and 
subsequent  loosening  and  separation  (mechanically)  of  such  minerals  as  slate,  clay, 
and  marly  materials,  which  frequently  adhere  to  certain  kinds  of  iron  and  zinc  ores ; 
in  other  instances,  again,  the  object  of  the  exposure  of  metallic  ores  to  air  is  the 
oxidation  of  iron  pyrites,  which  is  washed  out  by  rain  as  sulphate  of  protoxide  of 
iron.  The  object  of  the  calcination  of  ores  is  partly  to  drive  off  water,  carbonic 
acid,  and  bituminous  materials  ;  partly,  also,  to  render  the  ores  softer,  and  thus 
better  fitted  for  the  metallurgical  processes  by  which  the  reduction  to  the  metallic 
state  is  effected.  The  roasting  of  ores  is  carried  on  with  the  same  object,  but  since 
the  temperature  is  far  higher,  although  not  carried  to  the  fusion  of  the  ores,  a  more 
energetic  chemical  action  takes  place,  and  is  in  some  cases  promoted  by  the  addition 
of  common  salt ;  moreover,  the  great  object  of  the  roasting  of  ores  is  to  effect  an 
oxidation  of  the  same,  accompanied  in  some,  if  not  in  all,  cases  by  the  volatilisa- 
tion of  various  substances.  As  instances  of  the  action  of  this  process,  we  quote 
what  occurs  when  magnetic  iron  ore,  (Fe203,FeO),  is  roasted ;  the  protoxide  in  this 
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fHwe  is  gradUially  convorted  into  peroxido.     Whea  oxidation  is  accompanied  by 
voliitilisatioii  three  different  things  may  happen. 

t,  A  Tolatiliiation  of  ceTtaiu  substanoea  attended  by  ozldAtion.  The  ores  which  are 
chiefly  submitted  to  thia  proo^ss  are  «uch  aa  aro  combmatious  of  fliilphtiTf  arsenic!^  and 
mL^monVf  either  jointly  or  singly,  in  which  cases  stdphuruua  and  arseniouH  acids  and  exido 
of  antimony  are  volatiWid,  with  the  result  tliat  either  par©  metal  is  obtaineil,  aa  ia  the 
rase  with  cinnabar,  wliich  yieldfl  mercury,  or  the  formation  of  metallic  oxides  and  snlphatoA. 
Tho  volatilised  ffabstancesi  may  be  collet  tetl  and  ntilised,  as,  for  instancCf  the  arseniou*i 
acid,  and  the  sulphuroni}  acid  for  the  production  of  sulphuric  acid,  &c. 

2,  Volatilisation  of  certain  fiubstazijccs  by  reduction  ib  a  leas  frequently  occurring'  opera- 
tion, chiefly  carried  on  with  some  sulphates  and  artjeniates  of  mctaUie  oxide*  by  heating 
tlte  flame  with  ooal  or  charcoal,  the  result  being-  the  volatilisation  of  aulphur  in  tho  form  of 
sulphurous  acid  and  of  arsenic  per  Me. 

3.  Volatilisation  by  conversion  into  chlon'dcii  of  metal.     "VVhea  an  ore  is  roasted  with  the 
addition  of  common  Biilt  and  free  aoceas  of   air,  some  partly  Tolatile  cMorides  may  be 
formed,  as,  for  instance,  in  the  extraction  of  ailver  from  its  ores  by  the  European  amalga*  ' 
mation  process  and  M.  AuguBtin  s  method. 

smeKiajf  of  ihe  Ore*.  Afl  6O0I1  Rs  tho  oFes  are  BufBdeiitly  prepared  by  the  methods  just 
described,  they  are  submitted^ to  an  operation  haA-ing  for  its  object  the  conversion  of  1 
tho  ore  into  metal,  or  into  some  other  combination  thereof;  the  process,  which  is  w 
true  chemical  operation,  is  called  the  smelting  process.  It  rarely  happens  that  only 
one  kind  of  ore  is  operated  upon ;  tho  more  usual  plan  is  to  m.ingle  richer  and  poorer 
ores  together  in  certain  quantities,  so  as  to  obtain  a  suitable  mixture,  attoiitiou  txlao 
being  paid  to  tho  various  kinda  of  rock  which  acc^^mpany  the  oros,  so  na  to  obtain  by 
the  smelting  process  a  proper  slag  ;  but  if,  as  ia  more  often  the  case,  this  end  canuut 
bo  attained  by  the  mixing  of  ores  of  different  quality,  it  becomes  almost  always  j 
necessary  to  add  other  materials  which  either  chiefly  or  solely  act  as  fluxes,  and 
olao  as  reducing  or  converting  agents,  by  promoting  in  various  ways,  to  be  presently 
more  fully  described,  tho  separation  of  the  metals  from  their  ores.  Wo  dii^tinguish 
accordingly  between  such  materials  as  diarcoal,  coal  and  coke,  lime,  and  common 
salt,  which  we  term  roasting  materials  (Roatzuschlage),  and  smeltiug  or  fluxing 
materials,  such  as  quartz  and  various  silicates,  among  which  are  hornblende,  feld- 
spar, augite,  greenstone,  chlorite-schiat,  slag;  lime- containing  minerals,  as  lime- 
stone, fluor-spar,  gypsum,  heavj'-apar ;  minerals  containing  alumina,  as,  for  instance, 
clay-slate  and  marl.  Saline  materials  (admixtures)  are  also  used,  as  i>otassa,  borax, 
Glauber  salt,  and  saltpotro;  likewise  metallic  admixtures,  as,  for  instance,  iron  used 
in  the  decomposition  of  cinnabar  and  sulphuret  of  lead  ;  zinc,  for  the  extraction  of 
silver  from  load  ;  arsenic,  in  tho  preparation  of  certain  nickel  and  cobalt  ore*i ;  prt>- 
toxido  of  iron  (anvil  dross),  hematite  iron  ore,  aud  manganese,  uj*ed  in  tho  puddhnj; 
process ;  certain  saline  admixtures,  by  which  we  understand,  in  this  instance  more 
especially,  such  blastfurnace  slags  as  contain  a  largo  proportion  of  protoxide  of  iron, 
and  are  applied  in  tho  pi-ooess  of  puddling  on  account  of  the  oxygon  they  contain  ; 
or,  on  the  other  hand,  are  used  as  so-called  precipitating  agent*,  on  account  of  tlio 
iron  they  contain,  f.^.,  for  the  throwing  down  of  lead  from  galena.  Tho  sub- 
atancee  which  act  only  as  fliixes  promote  the  separation  of  tho  metal,  because  tho 
ore  ia  more  readily  rendered  0uid,  thereby  causing  tho  particles  of  metal  to  unite 
more  easily.  According  to  their  mode  of  action,  fluxes  can  be  brought  under  thrc*o 
heads,  vi«. : — i.  Sucli  as  exercise  no  chemical  action,  but  are  only  substances  pro- 
moting fluidity,  as,  for  instance,  fluor-spar,  boi-ax,  common  salt,  and  various  slags; 
2.  Such  as  at  the  samo  time  exert  a  rcduoiag  action,  as,  far  instance,  a  mixture  of  argol 
and  saltpetre,  so-called  black  flux ;  3.  Such  as  act  as  absorbents,  either  of  acids  or  of 
buG8 '  but  this  olass  belongs  more  properly  to  admixtures  already  alluded  to  above. 
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The  Mixing  of  the  smfiL  That  Operation,  by  which  the  ore  and  the  materialfi  required  for 
the  smelting  process  are  intimately  mixed  together,  often  in  previously  weighed  out 
quantitieA,  is  called  the  mixing,  and  the  quantity  which  is  to  be  used  within  a  given 
lapse  of  time  (generally  12  or  24  hours)  is  called  the  charge. 

smSSSg^operauJn.  ^*^  following  are  the  products  which,  generally  speaking,  arc 
obtained  by  the  smelting  process  : — i.  Metals — ^Educts.  The  relative  degree  of  the 
purity  of  these  substances  is  indicated  when  gold  or  silver  is  alluded  to  by  the  title 
of  their  fineness  (purity),  fine  gold  or  fine  silver  being  understood  as  the  perfectly 
pure  metal ;  but  as  regards  the  metals  not  designated  by  the  term  noble,  they  are 
called  raw  or  crude  metal,  while  a  higher  degree  of  purity  is  indicated  by  refined. 
2.  Such  products  as  are  not  present  ready  formed  in  the  ore,  but  are  the  result  of 
peculiar  reactions  which  take  place  during  the  smelting  process  between  the  various 
ingredients  submitted  to  the  operation ;  these  materials  are,  in  most  instances, 
ready  for  the  market,  and  comprise  the  so-called  hard  lead  which  contains  antimony, 
arsenic,  o.nd  other  impurities;  arsenical  preparations,  as,  for  instance,  arseniouH 
acid,  orpiment,  realgar ;  and  black  sulphurct  of  antimony.  3.  The  preparation  of 
educts  is  often  accompanied  by  the  formation  of  intermediate  or  by-products ;  if 
these  happen  still  to  contain  a  sufl5cient  quantity  cf  the  metal  operated  upon  to 
make  it  worth  while  to  extract  it,  they  are  termed  intormodiato  products ;  but  if 
the  reverse  is  the  case  they  are  called — 4.  Dross.  Such  intermediate  products  are 
often  alloys;  as,  for  instance,  one  consisting  of  silver,  copper,  and  load — the  so- 
called  2 {?7/«*«i76er— silver  containing  lead,  consisting  chiefly  of  lead,  with  a  smaller 
or  larger  quantity  of  copper  and  some  silver ;  so-called  black  copper,  a  mixture  of 
copper,  iron,  and  load ;  sulphurets  ;  arsenic  alloys,  so-called  Spoiss,  as,  for  instance, 
the  cobalt  and  nickel  compounds  obtained  in  smalt  works,  chiefly  consisting  of 
arsenical  nickel ;  carburetted  metals,  as,  for  instance,  pig-iron  and  steel ;  oxides, 
as  for  instance,  litharge  (oxide  of  lead). 

sug..  The  material  which  usually  passes  by  this  name  exhibits,  when  cold,  an 
enamel  or  glass-like  appearance,  and  is  generally  made  up  of  various  combinations 
of  silica  with  earths,  such  as  lime,  magnesia,  alumina,  and  metallic  oxides,  as  the 
protoxides  of  iron  and  manganese.  The  slags  are  foimed  during  tHe  smelting  process 
because  the  raw  materials,  and  the  various  substances  employed,  contain  the  elements 
for  their  formation.  The  functions  of  the  slag  during  the  smelting  process  are  rather 
important,  serving  to  protect  the  particles  of  metal,  or  of  sulphurct  of  metal,  from  the 
oxidising  action  of  the  blast,  and  promoting  the  adhesion  and  union  of  the  particles. 
Slags  are  applied  in  some  smelting  processes  as  a  flux ;  and  if  they  should  still  contain 
a  sufficient  quantity  of  metal,  they  are  added  to  another  batch  of  ore  to  be  operated 
upon.  As  regards  their  composition  and  nature,  thoy  are  classified  according  to  the 
quantity  of  silica  they  contain  as  sub-,  mono-,  bi-,  and  tri- silicates.  The  proportion 
which  the  oxygen  of  the  silica  bears  to  that  contained  in  the  bases  is  as  follows  : — 

Subsilicato         3:6 

Monosilicate 3  -  3 

Bisilicate 6:3 

Trisilicate 3  •  i 

Slags  are  either  vitreous  or  crystalline.  It  very  frequently  happens  that  froin  the 
latter  kind  portions  of  silicates  separate,  which,  as  regards  their  chemical  and  mineral- 
ogical  characters,  agree  with  minerals  met  with  in  nature,  such  as  augite,  olivine, 
WoUastonite,  mica,  idocrase,  chrysolite,  feldspar,  &c.      Generally  speaking,  the 
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mixtures  of  monoBiUcatos  produce  slags  which  are  very  fluid,  and  apt  to  consolidato 
rapidly  while  cooling,  while  the  mixtures  of  bi-  and  tri -silicates  produce  slags  which 
have  the  opposite  propertiea,  being  pasty  and  totigh» 

The  followin;^  properties  and  constitution  denote  that  the  alagBare  suited  to  the  smelting 
pnjccss  :^  I .  lie  specific  gravity  of  the  slag  while  molten  should  be  has  than  that  of  the 
priMluc't  (metal)  it  ia  desired  to  obtain,  in  order  that  the  slag  may  oorer  the  surface  of  the  • 
molten  metal.  2*  The  slag  should  be  homogeneous  throughout  the  duration  of  the  prooe«a 
of  smelting;  since  the  contrary  would  denote  an  abnomml  working  of  the  operation. 
3.  Tlie  sirtg  should  melt  readily,  and  thus  admit  of  the  particles  of  motal  readily  sinking 
downwarda  as  a  consequence  of  their  higher  ipecifie  gravity,  4.  TIig  chemical  composition 
of  the  dag  should  he  so  regulated  m  to  prevent  them  exerting  any  decomposing  action 
uDon  the  metal. 

Ikox. 
(Fo  =  56;  Sp.gr.  -77.) 
inm.  tu  occttmiifw.  Iron  is  the  most  important  and  moat  useful  of  all  metals.  Ita 
application  is  most  intimately  connected  with  all  branches  of  indu-stry,  and  almost  all 
tho  wants  and  requirements  of  common  daily  life.  The  reason  of  this  very  extended 
employment  of  iron  is  due,  partly  to  its  Injing  plentifully  and  even  superabundantly 
met  with  in  nature,  but  partly,  if  not  chiefly,  in  consequence  of  the  great  ease  where- 
with this  metal,  during  its  reduction  from  the  ore,  assumes  various  modifications  and 
exhibits  diff*:^rent  characters,  eucli  possessing  some  special  ieature  of  usefulness. 
Although  the  number  of  minerals  which  contain  iron  is  very  great,  com  para  ti  rely  few 
■re  usevl  in  practice  for  the  extraction  of  the  metaU  Those  that  are  used  are  aU 
oxygen  conipouutls  of  iitjn,  and  chiefly  what  are  technically  known  to  iroumastera 
and  the  trade  as  iromtoneB, 

Tlie  following  is  a  list  of  the  minerals  teraied  *'  ironstones  *' : — 
t.  Magnetic  iron  ore,  (Fe,Oj,reO=Fe,0^),  the   richest  of    all  irtjn  ores  (it   contains 
upwards  of  72  per  cent,  of  ironj,  is  pretty  larjyely  found,  especially  in  Buasiii,  jtorwny,  and^ 
iBweden,  in  the  crystaUiue  schistose  rock.      The  celebrated  Bannemora  (Sweden)  iron  " 
[obtained  from  thia  ore.     It  not  unfrequently  hrippeus  that  this  mineral  i»  more  or  Itt 

(iixe<l  with  iron  pvritei,  galena,  copper  pyrite**,  apatite  (chietty  phospliato  of    Ume),  and! 
loiher  minerals,  wliicli,  by  their  presence,  impair  the  good  qualities  of  the  magnetic  iron  oral 
aei  a  mineraL 

2*  Hiematite  iron  ore,  red  inmstone,  (Fe  O3),  oontaini  about  69  per  cent,  of  iron.     This 
mineral  tjccuni  in  ecama  and  veins  La  the  older  geological  formations,  often  embedded  in., 
gneiBs  and  gmnite.     It  is  also  met  with  in  the  metamorphic  rockSf  and  is  frequently  callo' 
gloHsy  head,  uwinf^  to  ita  external  luatre ;  alao  bloodstone,  on  account  of  exhibiting,  who 
soratohed  with  a  AIg  or  a  knife,  a  deep  red-coloured  streak.    ^Hien  this  ore  is  found  mixo 
with  silica,  it  is  called  siliceous  ironstone ;  when  occurring  along  and  mixed  with  alumma 
it  is  called  red  aluminous  iron  ore  ;  mixed  with  lime,  the  ore  i*  knowii  as  minette.     ~ 
quantity  of  iron  present  in  these  oies  varie*,  of  course,  conHidcmbly.      Tliis  or©  oocu 
in  cry^talljjie  state,  in  especially  large  quantities  in  the  Iiliind  oi  tlba,  and  ores  of 
same*  kind,  but  different  in  qualitj-,  are  f uund  in  England  and  Ireland,  Saxony,  and  manj 
parts  of  Germany,     Tlm^y  Ht^*  in  nil  enses,  csijecially  a^  regards  the  hrst^nomed  count] 
largely  applied,  i.ff,,  T  (Uherstcm  and  Banfow-in-Fumo*s). 

3,  ^pathose  iron  oi  .  with  4S3  per  cent,  of  iron.   This  ore,  which  occurs  in  | 

variety,  is*,  indeetl,  th.  ..,.1,1.  'ji-t»tono»  often  containing  carbonate  of  protoxide  of  mangi 

in  1  firgt  r  or  urn iilk  r  q  u  it  1 1 1  i  t y.    Thii  Of©  is  often  met  With  in  a  globular  or  Iddney-like  shapM 
and  hence  called  ki^liK  y  iron  ;  in  miiifiralogy,  sphefoaiderite.     The  ore  bears  a  grreat  mauyl 
other  names,  derired  from  some  peotUiarities  in  its  composition ;  for  instance,  it  is  Imown 
and  very  largely  worke^l  in  Socytliind  as  blaek^band,  owing  to  its  being  mixed  with  corbon- 
aocous  and  bituminou4  matters,  and  alternating  with  seams  of  coal.    It  is  known,  also^  1 
clay-ironfitone,  l>eing  then  mixed  with  more  or  le*w  argillaceous  matter,  and  occurring  i 
rnorraous  q us n titles  in  that  condition  in  Cleveland  and  Rosodale  (Yorkshire),  in  Wale^ 
and  II bo  on  the  Continent  in  \nirious  countrien. 

4.  When  the  hi^*niimc<:l  ore  is  acted  upon  by  air  and  water  containing  c^arbonic  acid,  a 
•lerondary  ore  is  forme<l,  known  as  brown  iix>n3tone  (partly  Fe30^,H_jO,  partly  Fe,0,,3H^0)B 
In  minenvlogy  this  oie  in  named  acconling  to  its  varying  physical  properties,  as  follows  :-^ 
Lepido-crooitMietdle-iroii  €*re,  pyrosiderite,  and  stilpaotidente.     As  may  be  expected,'' 
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this  mineral  is  often  mixed  witli  carbonate  of  lime,  silica,  alnmina ;  the  yellow  ironstone 
beinfi^  a  variety  of  the  aluminons  kind.  Bauxite  may  in  some  instances  range  along  with 
this  kind  of  ore,  when  that  substance  consists  of  an  intimate  mixture  of  alumina  and 
peroxide  of  iron. 

5.  Pea-iron  ore,  in  smaller  or  larger  globidar-shai>ed  particles,  formed  of  concentric 
layent,  contaimng  either  an  intimate  mixture  of  silica,  protoxide  of  iron,  and  water,  or 
brown  iron  ore  and  siliceous  clay.  The  origin  and  mode  of  formation  of  this  ore  are  un- 
known.   It  occurs  in  France  and  in  the  South-West  of  Grermany. 

6.  Marsh  iron  ore,  Hmonite,  met  with  in  parts  of  Europe,  generally  those  which  are 
only  little  elevated  above  the  sea  level,  and  more  especiallv  in  or  near  moors  and  marshes, 
peat  bogs,  &c. ;  in  some  parts  of  the  Netherlands,  Denmark,  Sweden,  and  North  Germany, 
and  also  in  the  United  lungdom  to  some  extent.  This  ore  owes  its  origin  to  the  action  of 
decaying  vegetable  matter  upon  water  containing  carbonate  of  protoxide  of  iron  in  solution. 
The  ore  is  met  with  in  irregularly  shai)ed  lumps,  as  hard  sometimes  as  pebbles,  but  also 
in  a  soft  and  spongy  condition ;  its  colour  is  brownish,  or  black,  and  it  consists  of  prot- 
oxide of  iron,  oxide  of  manganese,  phosphoric  acid,  organic  matter,  and  sand.  According 
to  M.  Hermann,  however,  the  ore  contains  hydrated  peroxide  of  iron,  hydrated  oxide  of 
manganese,  phosphate  of  peroxide  of  iron,  tribasio  crenate  of  peroxide  of  iron.  This 
ore  is  in  some  instances  largely  used  for  the  manufacture  of  cast-iron  objects  (especially 
for  domestic  and  ornamental  uses),  on  account  of  its  yielding  an  iron  of  great  fluidity, 
which  fills  the  moidds  very  completely,  giving  sharp-figured  castings.  This  condition  is 
due  to  the  presence  of  the  phosphorus  in  such  iron ;  but  the  presence  of  this  element  also 
causes  the  pig-iron  made  from  this  ore,  if  puddled,  to  yield  a  wrought-iron  which  is  both 
cold-  and  red-short. 

7.  Franklinite,  (FCj,Oj[ZnO,MnO]),  containing  45  per  cent,  of  iron,  21  per  cent,  of  zinc, 
and  9  per  cent,  of  manganese.  This  ore  occurs  in  New  Jersey,  U.S.,  and  is  there  employed 
both  for  the  extraction  of  iron  and  zinc. 

.  Iron  is  also  obtained  from  rich  slags,  which  often  contain,  in  the  shape  of  protoxide  of 
iron,  an  amount  varying  from  40  to  75  per  cent,  of  that  metal ;  they  are  employed  in  the 
puddling  process.  The  scraps  of  iron  resulting  from  various  operations,  old  iron,  and 
waste  pieces  of  the  metal,  are  usefully  applied,  either  alone  or  with  the  ores,  to  be  re-con- 
verted into  metal. 

Taken  from  a  metallurgrical  point  of  view,  iron  ores  are  distinguished  as  reducible  easily 
or  with  difRculty  (convertible  into  metal  readily,  or  fusible  with  difficulty).  To  the  former 
class  belong  all  those  ores  which,  while  being  submitted  to  a  preliminary  roasting,  become 
porous,  and  hence  more  readily  penetrable  by  the  reducing  gases  present  in  the  blast- 
Tumace ;  and,  as  a  consequence,  more  rapidly  reduced  and  molten.  The  spathose  iron 
ore  and  brown  iron  ore  belong  to  this  class;  the  former  because  on  roasting  it  loses 
carbonic  acid,  while  the  latter  loses  water.  Magnetic  iron  ore,  and  hematite  iron  ore  in  all 
its  varieties,  are  reducible  with  difficulty. 

a.  Pio  OR  Crude  Irox. 
^Sm  S  oI«r°  The  extraction  erf  iron  from  its  ores  is  chiefly  based  upon  the  two 
foUowiiig  proi)ertie8  : — i.  While  particles  of  pure  or  nearly  pure  iron  are  infusible 
even  by  the  heat  producod  in  the  blast  furnace,  they  are  possessed  of  the  property 
of  agglutination  to  larger  masses ;  in  other  words,  the  property  (possessed  by  iion 
and  only  a  few  other  metals)  of  welding  together  at  a  bright  red  heat. 

2.  Iron  is  capable  of  uniting,  while  exposed  to  a  high  temperature,  and  in  the 
presence  of  an  excess  of  carbonaceous  matter  or  gases  containing  carbon,  with 
that  metalloid,  forming  with  it  an  easily  fusible  compound,  viz.,  a  carburet  of  iron, 
the  so-called  pig-  or  cast-iron. 

The  direct  manufacture  of  malleable  iron  from  iron  ores  was  in  former  times  a 
very  usual  proceeding,  and  is  yet  carried  on  to  a  small  extent  in  some  parts  of 
Europe  (Styria,  Andorra,  Sardinia,  and  Sicily),  and  far  more  so  in  Hindostan  ;  but 
this  method,  known  as  the  Catalan  process,  is  wasteful,  and  although  it  yields  iron 
of  ex  :ellont  quality,  it  also  requires  ores  of  great  richness.  The  process  is  not 
suited  to  meet  the  large  demands  now  made  for  iron ;  with  those  trifling  exceptions 
all  iron  at  the  present  day  is  obtained  by  the  production  first  of  pig-iron,  which  is 
afterwards  converted  into  malleable  iron  by  the  puddling  process. 


to 
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The opei-ations  by  which  irtm  is  extraoted  from  its  oroa  are; — <ml€inauo^?nSm 
iag,  and  Bmeltin^»     Tbo  ohjoct  of  the  first-named  operation  is  tKo  i*emoval  from  the 

» of  such  substancGft  as  water,  carbonic  acid,  carbonaceoua  matter  (as  present  in  tho 
block-hand  ironstone)  ;  also  the  conversion  of  any  protoxide  into  peroxido,  bocauso 
the  latter  is  less  apt  to  become  absorbed  by  tho  slag,  and  to  promote  the  porosity  of 
tho  ore.  The  calcined  ores  are  next  broken  up  to  lumps  of  suitublo  size  by  means 
cither  of  stamping  mills  or  cylinders,  or  by  machinery  specially  mudo  for  the  purjjos^ 
on  the  principle  of  quartz  and  stone  crushers ;  after  this  has  been  done  the  ores  are 
mixed,  rich  and  poor  together,  in  such  proportions  as  have  been  found  iu  the  ex- 
perience of  the  workmen  to  yield  the  best  quality  and  largoet  quantity  of  iron* 

Thoorr  orth^  ijjnE.tr»ct»oa  ^ho  ores  having  thus  been  mingled,  constitute  a  mixtm-o  made 
up  chiefly  of  an  oxide  of  iron  and  of  gangue  (silica)  or  lime ;  carbouacaous  matter 
is  added  thereto,  and  tlto  mass  is  submitted  to  a  strong  heat,  the  result  being  tho 
reduction  of  the  iron  to  tho  motallic  state,  according  to  the  following  equation  :  — 

Fea<J+33C=3CO+ zFe ; 
the  action  I  therefore,  of  coal  is  to  serve  as  fuel  and  at  the  same  time  as  n^ducing 
agent  along  with  carbonic  oxide  and  carburott^d  hydrogen  ;  if,  however,  tho  opera- 
tiou  were  performed  by  simply  mixing  the  broken  up  ores  and  cool  or  coke,  and 
submitting  this  mixture  to  the  smelting  process,  the  iron  would  be  obtained  in  u 
finely  divided  and  spongy  condition ;  and  in  order  to  procure  the  union  of  the  pivrticles 
of  metal  so  as  to  form  a  molten  mass  previous  to  the  smelting  o}xjratioa  being  pro- 
ceeded with,  certain  substances  which  have  tho  property  of  forming  with  tho  ganguo 
a  readily  fusible  glassy  mass  are  added.  Tho  substance  added  is  technically  known 
as  alag,  and  it  servos  not  only  the  purpose  just  mentioned,  but  also  that  of  with- 
drawing and  absorbing  from  the  oi^  such  materials  as  might  injure  the  quality  of 
the  iron ;  and,  lastly,  the  slag  being  by  far  specifically  lighter  than  molten  iron,  floats 
on  tho  surface  and  protects  tho  metal  from  the  oxidising  action  of  tho  air  blown  int<^ 
tho  furnace.  Slag  is  a  mixture  of  various  silicates ;  in  some  instances  the  ore  itself 
c^jntains,  along  with  the  oxido  of  iron,  tho  constituents  neceasary  to  foim  a  goiMl 
alag,  but  iu  most  instances  ores  require  the  addition  of  such  matoriak  aa  will  form, 
with  the  constituents  (excepting  tho  iron  oxides),  a  proper  slag ;  thus,  for  instance, 
if  silica  were  wanting,  quartz  or  sand  would  bo  iidded ;  and  if  bases  were  wanting, 
limo-stone  or  fiuor  spar  (fluoride  of  calcium)  would  bo  added.  The  frlag  should 
become  fluid  at  or  about  tho  same  temi>eraturo  as  the  metal.  The  mixture  of  iron- 
stone and  slag-forming  material  is  called  a  batch,  and  is  so  arranged  as  not  to  contain 
I  abovo  50  per  cent,  of  iron*  When  iron  in  the  molten  condition  and  carbonaceous 
matter  (coal,  coke,  or  charcoal,  although  the  latter  is  very  rarely  used)  come  in 
contact,  as  is  tho  case  during  tho  smelting  process  just  alluded  to,  tlxo  molten 
motol  dissolves  a  large  proportion  of  carbon  ;  but  when  the  metal  cools  a  portion  of ' 
the  carbon  separates  in  the  crystalline  form ;  this  is  termed  blast-furnace  graphite : 
another  portion  of  tlie  carbon  remains,  however,  in  chemical  combination,  and  it  is 
therefore  evident  that  tho  smelting  of  iron  ores  produces  an  iron— pig  or  crude  iron 
— which  contains  carbon,  and  is,  therefore,  not  a  pui'o  metal. 

i««t!*riin>ace  TnKtta.  At  tho  present  day  the  extraction  of  iron  from  its  ores  (smelting) 
is  chiefly  carried  on  either  in  what  are  term<Hl  blaj^t -furnaces  or  blowing- furnaces, 
Tlicso  contrivances  are  not  esswjnb'ally  different  from  each  other  as  regards  their 
nciion,  but  their  arrangement  and  construction  is  so  far  different  that  the  slag  from 
blast-fomaoes,  working  as  they  do  with  what  is  termed  an  open  breast-plate,  runs 


off  ooatinuously,  wHlo  the  ulag  horn  tho  blowing-furnaco  hna  ta  be  cleared  from 
time  to  time  when  tappiDg  the  motal. 

^^jSEilSriiM*?**  ^  blast-fumace  ia  an  ovon  ehowinp?  on  the  exterior  a  heayily  tcade 
wall  (Fig.  I,  A,  tho  outer  wall),  hariiig  a  height  of  from  141035  metres ;  the  ianor 
lining  is  made  in  the  shape  of  two  truncated  cones  placed  together  at  their  baaos ; 
the  brickwork  (fire  bricks)  which  constitute  thia  drnible  oone-like  structure^  B,  is 
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6urn*unde<l  by  a  casing  mr^de  up  of  broken  scorito  or  rofnut'i  y  ,  ;«  en- 

velo|K!d  by  tho  external  coating  of  heavy  masonry ;  the  sand  ia  a  bad  condactor  of 
heat  and  admits  also  of  space  being  allowed  for  the  expansion  by  hoat  of  tho  interior 
structure.  The  portion  of  the  internal  cone  extending  from  n  to  c  is  callod  tbo  ghaft, 
or  chamber,  while  the  portion  wliich  extends  fi"om  l>  to  E  is  named  the  boshes ;  tho 
part  of  B  whore  the  diameter  is  greatest  ia  called  the  belly  or  upper  part  of  the 
lx«ho8.  Below  the  boahoa  at  f,  tho  space  is  gradually  made  narrower,  and  called 
the  throatj  or  tunnel  hole*  the  lower  part  of  whicJi  la  intended  for  collecting  tho 
molten  motal,  and  named  the  crucible  or  hearth;  this  portion  of  the  blast-furnace 
M  the  most  important,  because  tho  smelting  procosa  goes  on  in  it  j  the  crucible  ia 
proTided  with  two  opening  placed  opposite  to  each  other,  and  containing  conicaUy- 
shapod  tubes  (see  Fig.  2)  called  the  tuyeres,  ending  in  what  are  termed  the  nozzles 
or  nose  pipes,  or  the  blast  pipes;  these  tubes  serve  to  convey  the  air  necessary  for 
the  fomace.    As  shown  in  the  engraving,  the  admission  of  air  to  the  nozzles  is  re- 
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iatea  oy  a  valve.  Too  upper  open  end  of  tiio  famace  at  A  is  called  the  moutli  or 
fviruace  top ;  through  this  opening  the  fuel  and  niixture  of  ore  and  flux  are  put  into 
the  furnace,  which  is  (oa  also  shown  in  Pig.  i)  Bituated  on  or  near  the  slope  of  a  hill* 
80  ns  to  hare  ready  acces*  to  the  mouth  by  means  of  tho  bridgo  for  conveying  the 
materials  to  the  faruacG-tt>p.  The  lower  part  of  the  hearth  13  prolonged  towards  the 
front,  thus  forming  the  broast-pan,  which  is  enclosed  by  the  dam-stone,  M ;  this 
stone  is  somewhat  removi>d  at  ono  side  from  the  wall,  thereby  forming  a  slit,  which 
is  tL»chiii«'ully  c-allod  the  tap-hole  ;  this  10  the  discharge  aperture  ;  while  the  smelting 
is  going  on  this  aperture  is  closed  up  with  fire-clay,  which  is  removed  when  it  is 
I'equired  to  withdraw  the  slags  or  tap  the  crucible,  that  is  to  say,  discharge  the  molten 
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metal.  The  dam-sto&e  is  prortected  by  an  icon  plate.  Three  only  of  the  sides  of  the 
hearth  are  continued  to  the  stone  constituting  the  bottom  of  the  arrangement ;  the 
fourth  is  merely  brouglit  to  within  a  certain  distance  of  the  hose,  where  it  is  supported 
by  strong  girders  of  cast-irou  firmly  fixed  into  the  masonry  of  the  walls,  and  on 
which  rests  a  heavy  block  of  sandstone  called  the  t}Tnp  (see  Fig.  1),  which  is 
wuppoiled  by  a  very  heavy  and  stout  piece  of  iron  called  the  tymp  iron. 

^" ^?IdMiL?*****  ^^  onlor  to  provide  the  necessary  quantity  of  air  for  the  blast- 
furnace,  a  blowing  engine  is  attachetl ;  this  is  now  almost  exclusivoly  constructed 
ui)on  what  is  tt*rmed  the  cy Under  principle,  which  in  one  of  its  most  convenient 
forms  is  delineated  in  Fig.  3.  The  cast-iron  cylinder,  a,  contains  a  piston,  €,  which 
by  means  of  the  piston  rod,  «,  passing  air-tight  through  the  stutBng  box,  e,  can 
bo  moved  upwards  and  downwards ;  at  h  and  d  the  cylinder  is  in  communication  with 
the  outer  air,  and  by  means  of  /  and  g  it  communicates  with  the  chest,  E.  The 
openings  alluded  to  are  provided  with  self-acting  valves  for  regulating  the  flow  of  air, 
wliich  is  conveyed  through  t  into  the  pipes  communicating  with  the  blast-furnace.  In 
iirdor  to  regulate  the  blast,  a  large  sheet-iron  vessel,  in  construction  very  similar  to 
the  gas-holders  of  gas-works,  and  acting  on  the  same  principle,  is  applied.  The 
iippiication  of  hot  air  for  the  blast  is  one  of  the  most  important  improvements  in  the 


manufacture  of  iron,  since,  in  tliis  way,  a  decreased  consumption  of  fuel,  to  the 
extent  on  an  average  of  0*366  (from  J  to  i),  lias  been  obtained ;  wbile,  moreover, 
the  absolute  gain  in  the  production  of  iron  amounts  to  about  50  per  cent.  It  is  also 
stated  by  many  iron-masters  that  the  furnace  is  more  readily  and  regularly  worked ; 
but  this  statement  is  discredited  by  others,  who  aver  against  the  hot  blast  that  dis- 
turbances arise  more  frequently  in  the  regular  course  of  working ;  also,  that  the  very 
high  temperature  in  the  crucible  causes  the  rapid  destruction  of  the  fire-bricks,  and 
consequently  impairs  the  time  of  what  is  technically  termed  the  campaign,  that  is  to 
say,  the  duration  of  the  fabric  of  the  blast-furnace.  The  air  intended  for  the  hot 
blast  is  heated  either  by  the  gases  given  ojff  by  the  blast-furnace,  or  by  means  of 
separate  fire-places  which  heat  a  pipe  apparatus,  or  lastly  by  means  of  Siemens*s 
regenerative  furnfiwjo  system.  This  system  consists  in  first  conducting  the  gases  of 
the  blast-furnace  through  a  fire-brick  built  space  filled  with  fire-bricks  loosely 
piled  together,  which  becoming  thoroughly  red-hot  are  in  that  condition  capable  of 
heating  the  cold  air  previous  to  admitting  it,  care  being  taken  to  shut  off  the  blast- 
furnace gases ;  by  this  means  the  air  can  bo  heated  to  a  temperature  verj'  far  ex- 
ceeding that  which  is  attainable  by  passing  the  air  through  iron  tubes,  these  not 
admitting  without  serious  injury  of  being  heated  to  so  high  a  temperature  in  con- 
tact with  air.  The  hot  blast  air  is  heated  to  from  200°  to  400°  C;  blast  furnaces  fed 
with  coke  as  fael  require  per  minute  of  time  from  2000  to  4000  cubic  feet  of  air. 

anSSIgProcMi.  ^®  blast  furnace  is  worked  in  the  following  manner : — ^The  furnace 
is  first  heated  by  igniting  in  it  a  quantity  of  wood.  "When  this  has  rendered  the 
oven  thoroughly  dry,  the  fuel  intended  for  use  in  the  course  of  the  continued  process 
is  put  in  (this  .fuel  used  to  be  in  Germany  wood  charcoal,  but  at  the  present  time 
there,  as  in  England,  coke  is  employed,  or  sometimes  anthracite ;  common  coals  are 
rarely  used) ;  the  furnace  is  at  first  entirely  filled  with  fuel,  and  when  quite  full  the 
blast  is  turned  on  and  a  beginning  made  with  the  charging  of  the  mixture  of  ore 
and  flux,  alternating  with  fresh  fuel.  By  the  burning  of  the  fuel,  and  the  fusing  of 
the  ore  and  flux,  the  layers  sink  downwards,  the  silica  fuses,  forming,  while  com- 
bining with  the  earths  and  some  of  the  oxides  present  in  the  ore,  a  slag  which  is 
commonly  coloured  by  the  presence  therein  of  oxide  of  iron,  while  the  iron  reduced 
to  the  metallic  state,  and  semi-fluid  at  first,  combines  with  carbon  to  form  readily 
fusible  pig-iron ;  the  molten  metal  collects  in  the  hearth  or  crucible ;  the  fused  slag 
floats  on  the  top  of  the  metal,  but  is  run  off  over  the  dam-stone.  The  molten  metal  is 
tapped  off  about  twice  every  24  hours,  or  as  soon  as  it  appears  to  reach  the  height  of 
the  dam-stone.  The  aperture  here  alluded  to,  and  closed  provisionally  by  means  of 
fire-clay,  is  opened  by  the  piercing  of  the  latter,  while  the  molten  metal  is  conveyed 
through  channels  made  in  the  sand  to  the  moulds,  also  formed  in  the  same  material ; 
during  the  operation  of  tapping,  the  blast  is  shut  off.  Crude  iron  cast  in  the  shape  of 
cakes  is  called  lump-iron,  and  when  run  into  bars,  pig-iron.  The  campaign,  that 
is,  the  operation  of  smelting  with  the  same  furnace,  often  lasts  many  years ;  it  is, 
in  fact,  continued  until  the  oven  or  blast  furnace  becomes  worn  out. 

chnoimi  ProcM*  goinir  The  chcmical  process  which  is  ffoins:  on  in  the  interior  of 

oa  in  th«  Interior  of  Uie    .,,,.«  ,  ,  ,,       ,.„,.,. 

Blast  Fttrnwe.  the  blast  fumacc  when  at  work  (tochmcally,  while  in  blast)  differs 
co^iderably  in  different  portions  of  the  vertical  section.  The  annexed  Pigs  4  and  5 
represent  the  interior  of  a  blast  furnace  exhibited  in  perpendicular  section,  and  filled 
with  alternate  layers  of  fuel  and  mixed  ore  and  flux,  the  latter  being  indicated  by  the 
narrower,  the  former  by  tho  wider  layers.  Counting  from  the  surface  of  the  fluid  slag. 
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ff^  up  to  tbo  mouth  of  the  fiirnaoe  the  interior  may  be  diyidod  into  live  zones  or 
ro^ons,  vi;5* : — 

1.  The  first  heating  zone,  a  h, 

2.  The  reduction  zone*  h  c, 

3.  Tho  carburation  zone,  c  d. 

4.  The  melting  zone,  d  e, 

5.  Tho  combustion  zoiie^  ej\ 
In  tho  upper  psrt  of  the  furnace,  the  first  heating  zono,  the  materials  become 

warmed  and  aro  rendered  thoroughly  dry,  but  they  hardly  become  hotter  than  a  low 
red  heat.  The  reduction  zone  is  the  largest  in  extent.  In  the  lower  part  of  the  shaft  of 
the  furnace,  and  especiftUy  towards  the  belly,  the  oxide  of  iron  is,  by  tho  action  of  the 
reducing  gases,  first  converted  into  protoxide  of  iron  and  next  into  mcfal.  The  reduc- 
ing agents  present  lu  tliis  zone  aro — carbonic  oxide^  c^rburotted  hydrctgen  gas,  and 
hydrocyanic  acid  gas  (cyanide  of  hydrogen),  or  yapours  of  cyanide  of  potassium ;  at 
a  certain  part  in  this  zone  the  iron  is  prcjsent  as  malleable  iron.  Deeper  down  in  tho  1 
furnace  tlie  carburation  zone  is  met  with ;  here  the  combination  between  the  iron  and 
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mrlwa  takes  place,  producing  a  more  or  less  Bteel-liko  and  somewhat  caked  iron, 
which,  when  einklng,  enters  tho  molting  zone  and  is  saturated  with  carbon  and  en- 
tirely brought  to  the  state  of  pig-iron.  At  the  portion  forming  the  combustion  or  oxi- 
dation zone,  which  is,  as  compared  with  the  other  zones,  only  of  Tcry  smnll  extent, 
,  the  air  from  theb'ust  enters  tho  furnace  through  the  nozzles,  andmoetifig  with  tncan^ 
de.9oent  coko  at  the  highest  possible  white  heat,  causes  tho  formation  of  carbonic  acidy  ^ 
but  this  gas  in  passing  upwards  through  other  layers  of  incandescent  fuel  become* 
r*»ducod  to  carbonic  oxide  (COz  +  0= zOO)  i  by  tho  combuBtion  of  the  hydrogen  oon- 
ti^ined  in  tho  fuel,  water  is  also  formed,  which,  along  with  the  aqueous ^-apour  con- 
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tainod  in  tlic  air  of  the  blast  (rccontlyit  hasbeen  triod  to  eliminuto  this  aquoous  yapour 
by  passing  the  air  previous  to  reaching  the  nozzles  through  concentrated  sulphuric 
acid)  is  decomposed  by  the  enormous  heat  of  the  middle  portion  of  the  furnace  as  well 
as  by  the  presence  of  carbon,  forming  hydrogen  and  oxygen,  the  former  of  which 
enters  into  combination  with  the  carbon,  forming  carburetted  hydrogen,  while  the 
latter  combining  with  the  same  clement  produces  carbonic  oxide.  The  nitrogen 
present  in  the  coke,  as  well  as  a  portion  of  the  nitrogen  present  in  the  air  of  the  blast, 
combines  with  the  carbon,  forming  cyanogen  (either  as  cyanide  of  some  metal  or  as 
cyanide  of  hydrogen).*  The  reducing  gases  meeting  with  the  ores  cause  the  oxides 
I)resont  to  bo  converted  into  metal,  while  the  gases  remaining  (the  blast  furnace 
gases)  escape  from  the  mouth  of  the  furnace.  The  reduced  iron  combines,  while 
sinking  downwards,  with  carbon,  forming  the  crude  metal,  and  fuses  in  so  doing ; 
the  union  of  the  particles  being  promoted  by  the  slag.  As  soon  as  the  iron  reaches 
that  portion  of  the  furnace  where  the  heat  is  strongest,  the  carbon  contained  in  the 
metal  begins  to  exercise  its  reducing  action  upon  such  substances  as  alumina, 
lime,  silica,  &c.,  which  in  the  reduced,  or  metallic,  state  combine  with  the  iron. 

Rooent  researches  have  proved  that  the  copious  production  of  hydroc vanic  acid  generated 
by  the  process  going  on  in  the  blast  furnace  greatly  and  very  essentially  assists  uie  reduc- 
tion of  the  ores ;  that  compound  of  course  combines  with  the  alkalies  and  alkaline  earths 
contained  in  the  fuel  and  other  materials.  It  has  been  surmised  that  the  crude  iron  is  not 
.solely  a  carburet  of  that  metal,  as  might  bo  produced  by  the  decomposition  of  cyanide  of 
iron,  but,  in  addition  to  a  small  quantity  of  that  body,  contains  also  nitride  (a  nitrogen 
compound)  of  that  metal.  In  support  of  this  view  tno  fact  is  brought  forward,  that  l)r. 
Wohler,  of  Gottingen,  found  many  years  ago  that  the  cubical  crystals  of  what  was  con- 
Hidercd  to  be  metallic  titanium,  and  found  in  the  blast  furnace  nlag,  turned  out  to  be  a 
compound  of  nitride  of  titanium  and  cyanide  of  that  metal.  In  order  to  give  some  idea 
if  the  large  quantity  of  metallic  cyanides  generated  by  the  blast  furnace  process,  wo 
oridly  quote  from  the  researches  made  on  this  subject  by  Drs.  Bunscn  and  L.  Playfair, 
that  an  English  blast  furnace,  fed  with  coal  as  fuel,  produced  daily  a  quantity  of  225 
pounds.  M.  Eck,  who  made  some  researches  on  this  subject  at  Koniganiitte,  in  Upper 
Silesia  (Prussia),  ^scovered  the  formation  of  l)oth  cyanide  and  sulphocyanido  of  potassium, 
and  he  found  by  calculating  from  the  quantity  of  i)otai5.sa  contained  in  the  ores,  flux,  and 
fuel,  a  daily  production  of  35  J  pounds  of  cyanide  of  potassium.  The  reduction  of  aliunina 
and  silica  to  aluminium  and  silicium  also  takes  place  in  the  melting  zone. 

I'SSyj^V'ui^reo*  pljm..  I^'ig-  5  exhibits  the  temperature  prevailing  at  the  limits  of 
each  zone.  The  temperature  of  the  combustion  zone  would  bo  fur  higher  than 
happens  to  bo  the  case  wore  it  not  that,  by  the  conversion  of  carbonic  acid  into 
carbonic  oxide — that  is,  the  absorption,  or  more  correctly  vaporisation  of  carbon — 
a  considerable  lowering  of  temperature  (in  other  words,  absorption  of  heat  which 
])ecomes  latent)  is  produce<l.  It  should  bo  remembered  that  here  the  volume  of  the 
carbonic  acid  is  also  doubled,  wliilo  this  reaction  is  taking  place,  and  that  process 
of  course  also  absorbs  heat. 

Taking  into  due  consideration  the  fact  that,  under  the  most  favourable  conditions 
only  i6'55  per  cent,  of  the  fuel  teupplied  to  a  blast  furnace  is  usefully  consumed, 
while  no  less  than  83 '45  per  cent,  escapes  from  the  mouth  in  the  shape  of  com- 

^'oVii^*   bustible  gases,  it  cannot  excito  any  wonder  that  the  idea  arose  o) 

utilising  the  jo  gases  ;    this  idea  has  actually  resulted  in  various  useful  ways,  as, 

for  instance,  for  the  fusion  and  puddling  of  the  iron,  for  the  refining  and  cleansing 

by  welding  of   the  iron,  for  the  heating  of  the  blast,  the  roasting  of  the  ore,  and 

the  drying  and  carbonisation  of  the  wood. 

•  Aocoiding  to  the  view  of  M.  Berthelot  [1869]  there  is  in  tliis  instance  first  formed 
aoetylide  of  potassium,  C^K,,  which  then  combines  directly  with  nitrogen  to  form  cyanide 
cii  potassLam,  2(CN£). 
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Appiiwtion  of  ihPM  dm       The  application  of  the  gases  to  the  useful  purposes  just  moutioned 
**  tai-ammoBiBr?         doca  not  oxLaust  the  liat  of  such  applicatiouii.     Drs.  Bun^eu  atid 
PlajfaiT  found  that  tho  gases  emitted  by  blast-furnaces  fed  with  coal  as  fuel  ooutaiu  such 
a  large  amount  of  ammonia  that  the  presence  of  that  gas  in  the  lower  part^  of  the  blikai- 
furaace  is  even  perceptible  to  the  smell-     These  eminent  vaeanfa  proposed  to  convey  tlm  ■ 
gases  previous  to  being  used  as  fuel  through  a  chamber  containing  hydroohloric  acid  gas; 
the  solution  of  sal-ammoniao  thus  obtained  aliould  b©  nm  into  the  pan  of  a  suitably  eon-  i 
stmcted  reverboratury  furnace ;    and  a  small  portion  of  i\w  eurr«?nt  of  gas,  after  having 
been  ignited^  being  carried  over  the  sAirface  of  the  liquid,  the  evaporating  process  can  be  ' 
regulated  so  as  to  obtain  a  continuous  stream  of  a  concentrated  solution  of  sal^ammoniao  < 
as  a  metallurgical  by-product.     Experiments  instituted  at  the  Alfreton  Ii-on  Worla  (blast 
furnace)  proved  that  in  tlm  way  about  2*44  cwts.  of  sal-ammoniac  could  be  produced  daily 
without  any  great  expense  and  without  any  interference  with  the  procesa  of  iron  manu- 
facture.    The  formation  of  sal-ammoniac  is  intimately  eonnectecl  with  the  formation  of 
cyanogen  just  spoken  of.     When  cyanide  of  potassium  oomesinto  contact  with  aqueous 
vapour,  it  is  decomposed  into  ammonia  and  fomuate  of  potassa^ 

(KCN+2H,0=NH34-CHtq,) ; 
the  reverse  reactioni  that  Is  to  say,  tho  withdrawal  of  all  oxygen  in  tho  form  of  water, 
from  formiate  of  ammonia  would  result  in  the  formation  of  cyanide  of  >ydrogen^- 
[CH(NHjO^  -2H^0^CHN], 
*^tt-i«S!  Th®  ^^^  obtained  by  tho  bluHt-furnace  process  is  impure,  and  therefore  , 
call^  crude  cast-iron ;  it  contains  carbon  (in  tho  shapo  of  graphito  as  well  aa 
in  a  stat-e  of  intimate  chemical  combination  i\dth  iron  as  a  carburet  of  that  metal), 
silicium  again  ns  so-called  silicium  graphite  and  as  a  siUciuret  of  iron,  sulphur, 
phosphorus,  ai*sonic»  and  aluminium,  Tho  colour  and  j^hysical  properties  of  the  iron 
are  detennincd  by  tho  qnantity  of  carbon  it  contains.  Formerly  the  more  or  loiss 
deep  colour  of  the  crude  iron  was  believed  to  bo  dependent  upon  the  larger  or 
einallcT  quantity  of  carbon  the  iron  contained,  and  accordingly,  the  deepest 
coloured  nietal  was  supposed  to  contain  the  largest,  and  the  least  coloured  in>u,  tho 
sraalleat  quantity  of  carbon ;  investigations  have,  however,  satisfactorily  proved 
that  it  is  not  so  much  the  quantity  as  the  manner  in  which  the  carbon  (Ukewiao 
the  silicium)  is  present  that  determines  the  quality.  The  fact  is,  that  with  carbon 
ftndsilicium  a  portion  only  is  cheniically  combined  with  tho  iron,  while  the  lai-gest 
propoiiion  of  these  metalloids  is  only  mechanically  mixed  with  the  metal,  being, 
ns  already  stated,  present  in  tho  form  of  graphite  (graphitic  carbon  and  silicium). 
According  to  the  researches  of  M,  Fr§my  and  others,  it  is  probable  thst  crude  iron 
frequently  contains  nitrogen,  and  that  tho  presence  of  this  element  InHueuces  tho 
quality  of  tho  metal ;  but  this  view  is  not  endorsed  by  MM,  Caron,  Gruner,  and 
Dr.  Eammelsborg.  There  aro  two  cliief  qualities  of  crude  iron  iu  the  trade*  via., 
white  and  grey  coloured. 

WWII  cfciutroo.  \Yhite  cast-iron  is  distinguished  by  its  silvery  wkite  colouTt  hard- 
ness, bnttleness,  strong  lustre,  and  higher  specific  gravity,  which  ranges  from  7 '58 
to  7 "63.  Sometimes  this  kind  of  iron  happens  to  contain  prismatie  crystals  visible 
to  the  naked  eye,  and  such  iron  is  then  culled  epiogeleison,  or  crystalline  pig  (crude 
feteeliron.)  This  variety  of  iron  may  be  viewed  ns  a  combination  of  CFe^,  or*  more 
accurately  stated  as  FoeC-fFegO,  with  5*93  per  cent,  of  C»  If  the  structure  of  tho 
white  cabt-iron  is  radiated  and  fibrous,  while  the  colour  is  blulsh-gre}',  the  metal 
is  known  as  wKito  pig-iron  with  a  gi-anular  fracture.  'When  tho  white  colour  dis- 
appears still  more,  and  the  fracture  becomes  jagged,  such  a  metal  holds  a  medium 
between  white  and  grey  pig,  and  is  therefore  called  porous  white  pig. 

Qf^jCmnttaa  Grey  cast-iron  exhibits  a  bright  grey  to  deep  blackish  grey  colour. 
It«  texituro  is  granular  or  scaly ;  its  specific  gra>'ity  averages  about  7,  consequently 
lets  than  the  white  Tanofy,  and  the  grey  iron  is  also  loss  hnrd.    When  pigs  happen 
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to  contain  both  groy  and  white  iron  in  portions  only,  or  dispersed  thi'ough  their  entire 
mass,  such  metal  is  called  half-and-half  iron,  and  is  specially  applicable  to  foundry 
purposes.  The  chemical  difference  between  white  and  grey  cast-iron  is  duo  to  the 
fact  that  the  former  only  contains  chemically-combined  carbon  (from  4  to  5  per  cent), 
while  the  latter  contains  from  0*5  to  2  per  cent,  of  this  element  in  the  combined 
state,  with  rather  more  than  that  amount  mechanically  mixed,  viz.,  from  1-3  to  37 
per  cent.  As  regards  the  melting-point  of  cast-iron,  the  white  variety  fasos  at  a 
lower  temperature  and  more  easily ;  but  the  grey  cast-iron  possesses  far  greater 
fluidity.  Crude  cast-iron  is  not  malleable,  and  cannot  be  welded  or  forged  ;  when 
made  red-hot,  it  becomes  very  soft — so  soft  that  it  can  be  cut  with  a  saw  such  as  is 
used  for  sawing  wood ;  but  when  placed  on  an  anvil  and  hammered,  this  iron 
breaks  into  fragments  even  when  rod-hot.  Grey  cast-iron  is  the  best,  and,  in  fact, 
only  suitable  kind  of  crude  iron  to  be  used  for  making  iron  castings.  The  perfect 
fluidity  of  this  metal  when  molten  causes  it  to  fill  the  moulds  well,  and  to  yield  excel- 
lently sharp  and  well-defined  forms.  White  cast-iron,  on  the  contrary,  is  not  used 
for  iron-foundry  purposes,  because,  while  solidifying,  it  warps,  and  the  surface 
becomes  concave.  Grey  cast-iron  can  be  filed,  cut  with  the  cold  chisel,  turned  upon 
the  lathe,  and  planed.  White  cast-iron  is  too  hard  to  admit  of  amy  such  operations 
being  performed  upon  it.  Grey  cast-iron,  molten  and  then  suddenly  cooled,  is 
converted  into  white  cast-iron ;  on  the  other  hand,  white  cast-iron,  molten  at  a 
very  high  temperature  (heated  far  above  its  melting-point),  and  cooled  very  slowly, 
becomes  converted  into  grey  cast-iron. 

The  quahty  of  the  iron  produced  by  the  blast-furnace  process  docs  not  so  much  depend 
upon  the  ores  and  other  materials  uaed.  in  this  resiwct  the  temperature  is  of  far  greater 
importance.  It  would  api)ear  that  aner  uverv  fresh  charge  there  is  at  first  produced  white 
cast-iron,  which  is  only  convcit.ed  into  crey  cast-iron  by  a  very  much  increased  tempera- 
ture. If  the  reduction  of  tho  oi"e  lo  metal — care  being  of  course  taken  to  have  a  proper 
proportion  of  ore  and  the  other  materials — ^proceeds  regularly,  the  furnace  is  said  to  bo  in 
a  healthy  state  of  working.  Under  such  conditions,  the  slag,  which  contains  only  verj- 
little  protoxide  of  iron,  is  never  deeply  coloured.  If  fuel  were  not  supplied  in  proper 
proportion  and  the  ore  to  prevail,  the  reduction  would  probably  be  imperfect  and  tho  slag 
a  deep  colour,  in  consequence  of  tho  presence  of  a  large  quantitj'  of  protoxide  of  iron 
(colour  of  dark  green  bottle  glass).  Such  a  condition  of  working  is  termed  irregular. 
When,  in  consequence  of  an  excess  of  fuel,  the  heat  in  the  furnace  becomes  very  great, 
that  condition  of  working  is  termed  hot,  and  only  grey  cast-iron  is  formed. 

The  results  of  the  chemical  analysis  of  some  varieties  of  crude  metal  may  elucidate  the 
general  composition  of  cast-iron :  the  under-mentioned  samples  are  : — i .  Spiegel  iron,  made 
from  14  parts  of  spa  those  ironstone  and  9  parts  brown  iron  ore  (Hammerhiitte).  2.  White 
pig-iron,  with  a  granular  fracture,  from  Styria.  3.  White  pig.  4.  Half-and-half  pig. 
5.  Grey  cast-iron  (from  brown  iron  ore  and  charcoal).  6.  Grey  cast-iron,  from  brown  iron 
and  spathose  iron  ore  mixed.  7.  Grey  cast-iron,  from  ochreous  brown  iron  ore  and  coke. 
The  sign  —  indicates  that  no  search  or  testing  was  made  for  the  substance ;  tho  sign  o  in- 
dicates that  the  substance  was  not  f oimd. 

I.  2.  3.  4.  5-  6.  7. 

Combined  carbon       ..     514        4920        291        278        089        103        058 

Graphite      o  o  o  1*99        371        362        257 

Sulphur       0'02        0-017        o-oi  o  —  —  — 

Phosphorus o-o8  o  0*08        1*23  —  —  — 

Silicium       055  o  o  871  —  —  — 

Manganese 4*49  o  179  o  —  — 

The  results  below  are  those  obtained  by  M.  Buclmer,  while  examining  tho  quantities  of 
carbon  and  silicium  contained  in  crude  iron :  i,  2,  3,  4,  are  Spiegel  iron,  almost  or  quite 
crjstalline ;  5,  6,  porous  white  pig. 

I.  2.  3.  4.  5.  6. 

C7 414        380        409        375        331        3-03 

Ci9 —  -.  -  —  — 

81      o-oi        o-ci        0-26        0-27        Spur       0*15 
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7»  8,  9.  *  White,  Tcry  brifirht»  crudo  iron.  10.  WMte  pig.  ii.  Half-and-half  pig, 
12.  Strongly  mixod  half -and-balf* 

7.  S.  9.  10,         in         ir 

C7   ..    ..    ..    3;4o     270     z-n     3«oj    3.3^      ,.y^ 

SL      0-14        0*12        o'lo        0*66        O'lo        0*20 

13.  Lesa  Btronarly  mixed  half -and-hjilf.  14^  15^  16.  Grey  cast-iroti.  17,  Goarse-grained 
cast-iron.     iS.  Orer-ooaled  black-greyish  cjut-iron. 

13.  14.  15,  16.  17.  18, 

Vy 217         1*35         118        071         03S        0'26 

Cj3     2*11         2*47        2-42        279        3"2S        3-83 

Si      ,     009        070        0*66        1-53        r62        059 

^ „_„.„,,       The  present  (1S70)  production  of  cnide  iron  (pig-iron)  amonnte  to 

'^SSSSSE"'     Tftthtr  more  than  200  millions  of  hundred  weighta.     Of  thia  quantity "; 
fh©  ander-mentioned  countries  produced : — 

United  Kingdom  of  Qreai  Britain  and  Ireland , .  n  5,000,000  cwt». 

France       24^5C«fOOO  „ 

North  America,  U»S ,     ,.       .      20,200,000  „ 

Prussia       ..      l6»3OO,o0O  „ 

Belgium     . ,      . .      .. .  .      . .      .  *  8,9CK3,000  „ 

Austria       6,750,000  „ 

EuAsia        6,000,000  „ 

Sweden 4,500,000  „ 

Luxemburg  i,ico,ooo  ,» 

Bayaria      ..  732,000  „ 

Saxonv       , .  280,000  „ 

Wiirtemburg .  138,000  „ 

Badim. 16,000  „ 

Hesse  . . , 250,000  „ 

Bmnswick -.     ♦, 90,000  „ 

Thiirtngia *•     •«      18,000  ,t 

Anstralia  , .     . . 2,000,000  „ 

Ital^ 750,000  „ 

Spam 1,200,000  „ 

Norway  . «     500,000  ,. 

Denmark  ..     .*  300^000  ,. 

209,524,000  cwts. 
Haying  a  ralue  n(  about  97*5  milMon  pounds  steriing. 

f  mn.ftitmdTY  Work.  ^OT  the  nuuinfactaie  of  iron  castings  a  somewhat  mixed  greyiroc 

ni-  twtUDg  Cii»a»  CMViroB.  ia  employed,  beoanse  its  qualities  best  salt  the  pnipose,    Theae 

qualities  are  doeeuess  of  grain,  strength,  a  capability  to  well  M  the  moulds,  coupkd  with 
suffident  softness  to  admit  of  boring,  filing,  &o.  Although  iron  castings  can  be  made 
direetly  from  the  tapping  of  the  bla^it-fumaoe,  it  is  found  adY&Dtageous  and  preferable  in 
practice  to  re-melt  tbe  nigs.  This  operation  is  carried  on  in  crucibles  in  a  cu|iola  furnace, 
or  in  a  leverhcratory  furnace.  Crucible.*?  {made  of  plumbajro  or  fire-clay)  are  only  Ui*ed 
for  making  casttugs  of  small  »izc.  The  quantity  of  iron  molted  in  crucibles  does  not  ujtually 
exoeed  five  or  eight  poumb*, 

swiorOBpoiUi  Fvnui^,  For  the  purpoj^es  of  the  iron-foundry,  tlie  shaft  or  cupola  fumaec, 
repretented  in  Figs.  6  and  7,  is  more  gGnrmlly  uited.  The  cupola  funincc  ib  in  form  cylin- 
dnoilL  nod  from  2*5  to  3*5  met.  high.  Tlie  pig-iron,  previously  broken  up  to  lumps  of 
•uitahle  size,  and  the  fuel,  which  may  be  either  coke  or  wood  charcoal,  are  placed  in 
i  alternate  layers  in  the  shaft  a  ;  the  epc^nings  e  and  d  arc  intended  for  the  insortion  of  the 
tuyeres  connected  with  the  blasL  The  opening  leading  to  the  spont,  b,  is  olosod  during 
the  progress  of  the  melting ;  as  aocm  as  the  molten  iron  reoGhefl  the  orifice  at «,  this  opening 
b  cloeea  by  means  of  fire-clay,  and  the  tuyere  first  placed  in  a  is  transferred  to  the 
opening  d.  The  molten  metal  is  either  conducted  by  the  aid  of  channels  direct  to  the 
moulds,  or  tapped  into  suitable  Temela  and  carried  to  the  moulds.  In  many  instances 
eranea  are  us^  to  transport  the  molten  motaL  Hero  abo  the  application  of  ho*  air  has 
been  attended  with  a  great  saying  of  fuel. 

BernWrwiovy  Fttnue.  In  some  cases  pig-iron  is  melted  in  a  reyerberatory  f umn<'e,  the  iron 
being  placed  on  the  smelting-hearth,  which  is  ooycred  with  sand :  the  hearth  is  Blip'htly 
inclined  and  uarrowed  towards  the  tapping-hole.  A  strong  coal  fire  is  made  up,  and  the 
flajiie  plajing  across  the  fire-bridge  is  directed  over  the  entire  length  of  the  furnace,  and 
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thence  into  &  high  ohmmey.  The  molten  metal  on  beinjr  flipped  ifi  <JondiiDt45d  to  the 
moulrla  in  the  same  manner  as  with  the  cupola  furnace,  RatW  more  than  jocwta.  of 
pig-iron  can  be  melted  at  onoe  in  a  reverberatory  furnace  ;  but  sin*  o  the  air  haa  fpRc  accesa, 
the  iron  becomes  gradually  decarbonised,  and  is  thna  renderrd  unlit  far  cnj^tin^a. 

Vaktnf  the MouMi.  The  mo«t  essential,  and  also  most  difficulty  p«rt  of  i\w  iprsn- founder's 
work  la  the  proper  construction  of  the  moulds,  AccortlLn^'  to  the  mat<iHftIf>  frtim  which  thu 
mould*?  are  construct<?d,  we  dietinjruish— i.  Rand  mouldiuf?  or  jrrcon-aarid  moulding,  the 
material  beins?-  a  pecuUiir  kind  of  sand  (foundry-sand). — It  is  nt^ef-fiikry  for  this  «ind  to  !«» 
exceedingly  fini*^  and  yet  eiuBBcicutly  coherent  that  the  sharfte.^t  onglea  and  comers  will 
remain  standing,  Thia  latter  prop«^rty  w  imparted  tj  the  sand  hr  nddin|?  a**  much  clay  an 
TTill  fender  the  mas^  capable  of  beinjf  equeeze^l  with  the  hand  into  halls  whf'ii  moistened 
with  water.  A  ceilain  amount  of  poronity  is  alno  roquisito  to  enable  the  «t<^am  which  is 
foimed  when  the  racJten  ircm  coiner  inti:>  coutaet  with  the  mould  to  readily  escape.  Tliis 
property  is  communicated  by  tlie  addition  of  powdered  charcoal.  Sand-moulds  are  not 
dned  l>efore  the  molten  iron  is  poured  in.     Such  objects  as  plates,  grates,  railings,  and 
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ifhada,  whioh  are  lerel  on  one  side,  arc  oast  in  op<  ;  iiili]>< ;  that  is  to  say,  on  tho 

floor  of  the  foundryf  previously  covered  with  sand  ai  Uiti  rtHjui^ite  quality,  the  moulds 
being  obtained  by  pressing  the  pattcruH  into  the  sand.  For  other  branobes  of  the  work, 
aa,  for  instance,  iron-pots,  the  box  mould  is  used.  2.  Drv  sand  m<>ulding» — The  formic  are 
made  in  sand  aud  clay^  or  loam,  care  being  taken  to  dry  the  moulds  thoroughly  before 
carting.  3.  Loam-oaating, — The  material  used  for  this  purpoee  is  loam,  which,  juMviouM 
to  being  used,  ia  aifted,  moistened,  and  mixed  with  horse>dang  to  prevent  tho  moulds  from 
cracking  during  dryinj^,  4.  Case-hardening,  or  casting  in  iron  mouhli?i,^TliL&  nu>dc  of 
cajrtiing  Iron  only  applies  to  some  peculiar  descriptions  of  work,  as,  for  instance,  the 
Gjlindera  of  rr>llirig'mills,  some  kinds  of  shot  and  idieliH,  and  railway  waggon -wheels.* 
By  the  use  of  iron  moulds,  the  ca&ting  cooLs  and  »oIidideH  very  rripidly,  and,  as  a  con- 
•equenoe,  the  oiit-er  layer  Itocomes  converted  into  white  cast-iron,  wliich  U  very  hard. 
ThuA  the  cylindc  rs  for  rolling-mills  can  be  so  made,  that  while  the  surface  is  very  hard,  they 
are  not  brittle,  and,  therefore,  fragile,  becttuse  the  interior  ooiuista  of  grey  cast-iron. 

Green-sand  casting  is  by  far  the  roost  general  mode  of  cas^g :  furnace  bars,  cast-iron 
railingt^,  grates,  plates,  wneeb,  and  a  variety  of  objects,  are  thus  nuule.  Dry-sand 
mtiuldiug  ia  used  for  the  castinif  of  iron  praa-  and  water-pipea,  and  alf>o  of  cast-iron 
ordnance.  Tliw  Iatt<?r  ia  preferably  made  from  such  pig-iron  as  contains  grey  and  white 
Iron  mixed  ;  a  liigher  degree  of  tou^hneas  and  elasticity  can  thiis  bo  obtaintsL  Dry-sand 
moulding  is  also  used  for  the  niakinjr  of  smaU  om.imcutal  objects,  so-<ialled  /*rr  (l*r  Berlin^ 
«cich  ae  cast-iron  ink-standii,  candle.stick.^,  and  a  peculiar  Mnd  of  cast-iron  pins,  as  w^  as 
hrooches,  ear-rings,  and  idmilar  thiuga,  I^oam-monldiug  is  used  for  the  casting  of  large- 
aised  oaoldrona,  bells,  and  other  larg^o  ohjectni  for  which  no  wooden  pfittem  is  made  :  also 
for  tho  caating  of  steam-engine  cylinders.  Wo  distinguish  in  this  kmd  of  moulding:  threo 
ohicf  parts,  viz.  v — 

•  This  may  be  the  case  in  Germany ;  but  in  this  country  the  wheels  are  made  of  besi 
mcimght-ircm,  and  forged  by  means  of  8tcam*hammers« — En. 
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fL  Thu  core,  or  kcniel,  tho  size  and  shajHj  of  whioh  coiTesponda  lo  t]i«  interior  of  tL« 
abjfct  to  be  cast, 

i,  llifl  foimdiy-patlem. 

f.  The  exterior  mould,  ab*o  termed  the  ca*e» 

The  loam  moulfliii|,^h»  art*  very  rapidly  dried ;  tlie  caatiiig  of  statuoa  and  other  monumentai 
work  is  done  by  loam  raoulding*  but  zinc  i«  bc»^nnniug  to  AUiM^THc^e  iron  for  this*  purpase. 
Whenever  objctt^  huvc  to  be  cast,  the  surfuce  of  wliich  is  very  unequnl,  i.e.,  »rj  j»haped 
that  u  jiiirtiul  dismounting-  of  the  cai»o  is  impo*n*ible,  as  may  happen  for  in«»tttnco  with 
statues  and  monumental  work,  the  shape  in  made  on  the  core  by  means  of  wax :  tlie 
pnttom  maker  constructs  a  pattern,  oiUin  coiisimting'  of  a  numljor  of  loofte  pieces;  into  thia 
tlie  molten  wax  is  poured,  and  the  mould  thus  obtained  is  carefuUv  placed  on  the  core  and 
properly  joined .  Th  o  wax  n :  nuM  v*  brunbed  over  with  a  mix ture  oi  i>ul  veriHcnl  graph ite  and 
very  finely  divided  clay,  which     ;  i-  several  times  repcate<l ;  aft^r  this  ihe  mould  in 

oovercd  with  a  layer  oif  bi^am  m  w  hair,  and  &h  sckmi  as  this  layer  Is  dry  the  wax  in 

removed  by  applying'  a  gentle  li  •     ,  iv]  havinsr  been  left  by  which  the  wax  can  ei>cape. 

*   Anntftiinir.   ^^*^'  casti n g^,  when  suHiciently  oool ,  arc  cleaned  from  adherinfr  sand,  t he  scams  cut 

T*i«i«riiiK  off  with  a  coldchiiie!,  and  in  many  ciL»essubmitt4?d  toa  j?eries  of  mechanical  opera* 
tione,  a-S  for  instance,  cast-iron  ordnance,  which  has  to  bo  bored^  while  other  objeeU  have  to 
W  worked  in  the  lathe  and  planed.     Frequently  ca.st-iron  object*!  have  Ix'conut  as  hard  and 
brittle  ais  if  they  had  been  east  from  white  pijr-iron,  and  consequently  are  unlit  for  filing, 
&e, ;  such  iron  ii  restored  to  the  requiiSite  g*.*ftne}W  by  annealinf^  or  temporinp:.     In  thL* 
operation  the  castin*r5?  are  Rubmitted  to  a  strong  red  heat  and  cooled  slowly,  being-  at  tJie 
^ime  time  protected  from  the  oxidiiiini^  intluenc*  of  the  air ;  tho  annealing-  iei  effected 
oi  titer  by  a  physical  or  chemical  pn»ees.-i.     If  the  fonner  is  used,  the  caj.  tings  are  bimply 
oovercd  with  a  thick  layer  of  clay  and  nuide  red-hot,  the  effect  iKing  a  simple  rearrangx?ment 
rf  the  molecules  of  the  iron,  whi<h  Ik  Umls  i-tnilered  gt^ft  afruin  ;  the  lieatinjjT  to  rcdnoiw  i»  abo 
Bometimefl  efFected  by  placins'  thft  cajiting^s  under  a  layer  of  dry  sand  or  in  suitably  con- 
Atructed  vesflcls*  filled  with  charcoal  or  coke  powder.     If  it  h  desired  to  impart  to  the 
eoatings  oomewhat  of  the  8tren;yrth  and  toughncjis  possessed  by  steel  and  malfeablc  iron^ 
the  tcmperingr  is  »o  arrantrod,  and  heat  applied  for  a  long-or  time,  while  the  metal  U 
Hurrounded  l>y  a  mixture  of  pulverised  charcoal,  bone-ash,  and  forg:e  scales,  red  oxide  of 
inju,  oxide  of  maniyranese,  or  oxide  of  /.inc ;    cast-iron  which  has  been   imiformly  and 
thoroughly  decarl»onised,  i#»  called  malleable  ca,%t-iron.     A  great  many  objects  formerly 
€Xrluaively  mude  of  wronp^ht-iron  are  now  v^^i  and  trcat4?d  in  thii  way,  while  a  number  of 
othcn«,  inclusive  even  of  nizorn,  arc  made  of  ca»t-iron  pup<:'rficially  convert^?*!  into  steel  by 
a  method  which  will  bo  deMcnl>ed  under  the  heading  of  StccL     In  order  to  prtrvent  the 
nwting  of  article.'*  nv:  ^      ♦    .  .  *  :..  .    *i.  ..  ...    *  rqa<»utly  roveriHl  with  a  varnifih  made  from 

ooal  tar  and  powder^  l-oil  and  lamp-black,  and  when  intended 

for  ornamental  or  d«>i,  ^  I  or  bunibihed* 

Eii«»»ih!kff of  Among  th«  tiiat  cist-irt^n  objecLi  ever  enamelled  were  the  pan*  used  in 
Citt-iroit,  kitchens  for  culinar}'  purfjofles,  but  at  the  present  time,  especially  in  England, 
the  enamelling  of  cfi»t*iron  is  carried  on  to  a  large  extent,  and  includcji  a  variety  of  tilings 
made  of  ra*t-  and  even  wroiigbt-iron.  The  process  in  use  ia  briefly  as  follows  : — The 
Murface  of  the  cast-iron  t**  l>c  cn:imelled  in  first  car*»fully  cleaned  by  scouring  wnth  sand 
and  dilute  sulphuric  acid,  next  a  f*i>mewhat  thicki»h  magnm,  made  of  pulverik^d  quartJt, 
horrtT,  feldspar,  kaolin,  and  water,  is  brushed  over  tlie  clean  metallic  aurfaco  as  evenly  oa 
fw>»iHible,  and  imniediaiely  nft^^r  a  finely  powdered  mixture  of  feldspar,  soda,  borax,  and 
nxide  of  tin  i.^  dusted  over,  after  which  the  enamel  is  burnt  in  by  the  heat  of  a  mu^c. 
In  I'Vanco  ta\  enamel  h  applied  which  conNi.sta  of  a  mixture  of  130  parfjs  of  flint  glass, 
20^  parts  of  carbonate  of  foda,  and  12  part*  of  boraeiu  acid  fused  together  and  afterwards 
grotmd  to  a  6no  powder.  Enamelled  iron  has  in  home  manufactured  articles  taken  the 
place  of  tinned  iron  or  2 inc. 

,S.  Malleadle,  Bab,  oji  Whouujit-Ihox. 
iie^«i7ron.  ^^  Comparatively  olden  times  tho  ciiijtotn  was  to  produce  malleablo 
iron  direct  fj-om  it«  ores  by  a  process  still  in  use  to  someextent  in  Styria,  lUyria,  Italy, 
Sweden ,  some  parts  of  Asia,  AndoiTa,  and  other  local  iHes.  The  process  (n  modificii- 
tion  of  which  is  known  as  tho  Catalan  procesa)  consista  in  tho  i-eduction  of  tbo  ir^>a 
oreR»  which  must  be  yery  rich  and  pure,  by  means  of  charcoal,  which  servos  also  as  fuol 
on  a  hearth,  the  combustioQ  boing  aided  by  a  blast,  often  siDiply  bellows  ;  tho  lump  of 
iron  thus  obtained  is  immediately  submitted  to  the  blows  of  a  heavj'  forgo  hatnmor. 
Eljtccpting  in  the  few  instances  j  ust  mentionodt  this  process  of  direct  extraction  of  iroc 
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firom  its  ores  has  been  altogether  abandoned,  and  has  giyon  place  to  the  production  of 
malleable  iron  from  pig-iron ;  the  process  by  which  this  is  effected  is  termed  refining, 
and  consists  in  the  removal  of  the  greater  portion  of  the  carbon  and  other  impurities 
contained  in  the  crude  metal  by  oxidation.  The  crude  metal  chiefly  employed  for 
refining  is  white  i)ig-iron,  preferably  that  containing  the  least  possible  quantity  of 
carbon,  because  this  kind  of  iron  becomes  soft  before  melting  and  remains  for  a  long 
time  very  fluid,  and  therefore  presents  a  larger  surface  to  oxidising  agents ;  the  chemi- 
cally combined  carbon  of  white  pig-iron  bums  far  more  readily  than  the  graphite  con- 
tained in  the  crude  grey  cast-iron.  The  refining  process  is  executed  either : — ( i )  On 
hearths  (the  German  process) ;  or  (2)  In  roverberatory  furnaces  (puddling  or  English 
process) ;  In  the  preparation  of  bar- iron  (3)  by  the  forcing  of  air  into  the  molten  metal 
(Bessemer  and  other  similar  processes).  This  latter  process  is  described  under  Steel. 
oennan^wReflntng  rj^^  hoarth  ou  which  this  proccss  is  Carried  out  is  represented  in 
Fig.  8.  The  crude  iron  is  placed  in  the  cavity  a  of  the  heai*th,  6,  and  the  metal  is 
brought  to  fusion  in  such  quantity  that  the  molten  mass  has  a  length  of  from  i  to 
I '3  metre,  a  width  of  about  27  cen tiros.,  and  a  thickness  of  from  4  to  9  centime.  The 
cavity,  a,  is  lined  with  thick  plates  of  iron,  and  the  tuyere,  c,  supplies  the  necessary 
air  from  a  blast  which  is  directed  against  the  molten  metal.  The  hearth  is  fii*st  filled 
with  ignited  charcoal ;  next  the  blast  is  turned  on,  and  then  the  crude  metal  is  placed 
on  the  hearth,  ft,  and  becoming  gradually  melted,  flows  into  the  cavity,  a.  The  action 
of  the  blast  causes  the  combustion  of  the  carbonaceous  matter  of  the  metal,  while  the 
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sand  adhering  to  the  pigs,  the  silica  duo  to  the  oxidation  of  the  silicium  contained  in 
the  crude  iron,  and  the  silica  contained  in  the  ash  of  the  fuel  also  play  an  important 
part  in  the  process,  because  these  substances  combine  with  the  protoxide  of  iron  which 
is  present,  forming  a  slag,  •  composedofbasic  silicate  of  protoxide  of  iron  (in  100  parts, 
68*84  protoxide  and  31*16  silica).  Tliis  slag  protects  the  iron  during  the  refining  pro- 
cess, but  is  gradually  run  off,  care  being  taken,  however,  to  leave  a  sufficient  quantity 
to  cover  the  metal.  !Mixod  with  forge  scales  (a  mixture  of  proto-and  peroxide  of  iron,) 
the  slag  of  the  first  refining  is  employed  in  the  further  refining  proccss  to  decarbonise 
the  iron.  When  crude  cast-iron  is  heated  to  redness  along  with  these  materials,  the 
oxygen  contained  in  them  is  given  off,  and  combining  with  the  carbon  contained  in 
the  cast-iron,  forms  (carbonic  oxide  and  leaves  malleable  ii-on.  The  refining  process 
also  causes  the  more  or  less  complete  elimination  of  such  substances  as  aluminium, 
phosphorus,  and  manganese  from  the  crude  metal,  by  converting  tliem  into  alumina, 
phosphoric  acid,  and  protoxide  of  manganese,  all  of  which  are  taken  up  in  the  slag. 
As  soon  as  all  the  iron  has  become  fluid  the  slag  is  run  off  and  the  metal  exposed  to  the 

♦  According  to  MM.  Mitscherhch,  Hausmann,  Rothc,  and  others,  the  slag  wmctimea 
aitsiimes  the  cryatalline  form  and  composition  of  olivine. 
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action  of  tho  blast,  car©  bciDg  taken  to  work  the  metal  about  so  as  to  render  tbe  action 
uniform ;  tho  somewhat  thickiah  fluid  moss  becomes  during  docai'bonisation  more  and 
more  fluid  ;  and  the  etirring  up»  or  raising  up,  aa  the  operation  is  tenned,  is  continued 
until  the  iron  is  refined,  which  is  shown  by  the  fact  of  the  slag  becoming  very  rich  in 
pn:)toxido  of  iron.  Towards  the  end  of  the  operation,  tho  rich  sla^,  SiO^jFoa,  is 
formed,  which  along  with  forge  scaleft,  i^  employed  for  decarbonisiDg  the  metal. 
Tliis  rich  slag  is  never  crystalline  in  structure,  but  exhibits  a  dense  tough  mass  of 
higher  specific  gravity  than  the  raw  slag.  The  operation,  called  tho  last  breaking 
up  of  the  lump,  consists,  first,  in  the  rendering  of  tho  entire  mass  (the  contents  of 
tho  hearth)  semi-fluid  by  incroai^ed  heat ;  and,  secondly,  in  the  separation  of  the 
slug  from  the  metal.  This  end  having  been  attained,  the  lump,  or  ball,  or  bloom, 
is  removed  from  the  fire,  in  tho  rod-hot  state,  and  brought  under  the  lift-hammcir, 
a  (Fig.  9)  which  is  sot  in  motion  by  means  of  a  lifter  and  beam.  By  the  blows  of 
the  hammer  all  the  particles  of  slag  are  squeezed  out  from  the  metal ;  afterwanis 
the  lump  is  cut  into  smaller  pieces,  which  are  forged  into  bars  ;  100  parts  of  crude 
cast-iron  ™ld  on  an  average  70  to  75  parts  of  malleable  iron. 

gw<>dkii  ucBninf  Tnic^OT.  The  Swedlih  procees  of  iron-refimng  (alao  caUed  Walloon-forging) 
diffeTft  from  the  Geniiaa  process,  inasmuch  as  only  small  quantities  of  cmde  metal  are 
^operated  upon  at  a  timp,  whilo  no  j^lag  iq  added,  the  decarlwjusatiou  being  effects  by  the 
Iftction  of  the  oxygen  of  the  air.  This  process  requires  a  great  deal  of  fuel  (in  Swreden 
~  uost  exeluaively  charcoals  while  at  the  same  time  a  not  inconsiderable  quauHty  of  the 
n  ia  oxidised.  The  malleable  iron  obt^iinc<l  tfl,  however,  of  far  better  quality,  bdng 
Dser  and  tongher,  owing  to  greater  purity  and  frtHxlom  from  alag. 
Tfce  roddUsK  ptdccw.  The  process  designate  by  this  name  is  carried  on  in  a  reverbera* 
tory  furnace.  In  countries  where  charcoal  is  scarce,  and  hence  too  expensive  to  bo 
appli(?d  to  the  refining  of  iron,  coal  is  used,  and,  indeed,  of  later  years,  haa  be* 
come  mc>re  generally  employed  on  the  Continent  for  this  purpose.  For,  although 
the  iron  thus  ol)taincd  is  of  inferior  quality  to  tliat  refined  with  charcoal,  to  the  use  of 
oottl  alone  must  the  increase  in  the  production  of  inm  to  tho  present  onoiinoua 
extent  bo  attributed.  Since  con  I  contains  sulphur,  direct  contact  with  iron  has  to 
bo  avoided,  and  the  operation  is  carried  on  in  a  reverbei^atory  furnace,  which,  in 
pinMUnif  Furnace,  this  iustanco,  is  termed  a  puddb'ng  furnace,  represented  in  vertical 
section  in  Fig,  10,  and  in  horizontal  section  in  Fig.  11.  p  ia  tho  iire*place,  A  the 
puddling  hearth,  and  c  the  flue  along  which  the  gases  are  carried  to  the  chimney, 
Tho  pu»hlling-hearth,  A,  consists  of  a  square  iron  box,  to  which  air  has  fnjo  acoean 
from  tlio  fire-place.  A  layer  of  refining  (puddling)  slag,  to  which  some  forgo-scales 
have  been  added,  is  first  placed  on  the  hearth,  and  heated  until  it  begins  to  soften  at 
tho  suifacc,  Tliis  point  rtmched,  the  cnide  metal  (by  prfiferencti  white  cast-iron)  is 
placoil  on  the  hearth  in  quantities  of  from  500  to  350  lbs.  at  a  time  and  heated. 
When  8oftcno<l,  the  iron  is  spread  evenly  over  tho  surface  of  tho  hearth  by  moans 
of  a  itike  or  stirrer,  and  continually  stirred  about  (puddled),  the  heat  boing  greatly 
incrctised.  P  and  E  represent  openings  giving  access  to  tho  hearth  for  the  tools, 
capable  nf  boiug  rondily  closed. 

Tlio  soft  poety  mass  of  metal  exhibitson  its  surfaco  blue  flames  of  burning  carbonic 
oxide,  the  metal  becoming  at  the  same  time  thicker  and  tliicker :  the  slag  which  La 
formed  runs  off  at  n,  and  is  tappcnl  at  intervals  at  0,  When  tho  iron  haa  beon 
frufiieiently  puddled,  it  16  scraped  together  and  formed  into  lumps  or  balls,  which  aro 
Hubmitted  to  tho  action  either  of  heavy  hammers  or  squeezers,  to  fi"cethe  metal  from 
slag.  Grey  cadt-iron,  when  used  for  puddling,  is  first  converted  into  whito  cast 
iron  by  smelting  in  a  rovcrberatory  fiimace,  known  as  the  refining  procesa. 
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The  theory  of  the  puddling  process  ia  the  following :— The  current  of  air  %liich  oonie« 
into  contact  with  the  znolten  iron  cau^a  tho  formation  of  a  not  inconsiderable  qiuuititT  of 
ptotoperoxide  of  iroUt  the  oxygen  of  which  olimtnatos  tho  ciirb«>D  eontaincd  in  the  pig^uxm 
m  thafthape  of  carbonic  oxide,  which  hums  off  with  a  bluish  iliimo.  The  progre^^  of  the 
dooBxlmitiBation  renders  tlie  masa  more  and  more  pasty ;  while*  in  the  iut<:  rior,  pieces  of 
mnUeable  iron  are  gradtially  formed,  which^  being  gathered  together  by  means  of  the  rako, 
bfoouie  loosely  weMed,  and  the  iron  not  fully  decarboniied  runa  together*  and  being  woli 
Rtirrt^d  up  soon  tindergoea  the  same  change.    Although  this  ri9mni  of  the  puddling  proc(.*«M« 
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J  iti  practice  the  pt  Himplq,  bDcnuse— i.  It  is  scjircel 

poffiiblfi  to  mix  all  the  carbon-containing  iron  intimately  with  the  protoperoxidc,  and,  titt 
consequence,  some  of  that  oxide  remains  mixed  with  the  iron,  which  is  thereby  rt:"udc?r«> 
incapable  of  being  welded  (the  iron  loses  coheaiou  and  becomea  of  a  grritty  natiinV) ;  Ijn' 
Eub«tance  has  to  be,  therefore^  removed  by  the  addition  of  ooarae  alag*  which  is  thua  con 
Tcrted  into  refined  slag.  The  oxidation  of  the  iron  cauaea  a  loss  of  some  4  to  5  per  cent, 
while  the  loaa  from  the  combustion  of  the  carbon  amounts  to  a  further  5  per  cent.     2,  Th 
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erado  iron  always  contains  more  or  less  blast-furnace  slag  and  adhering  sand  and  dirt  eon- 
taininfi^  silica.  During  the  puddling  process  any  free  silica  preBent  combines  with  ttia 
hlast^rumace  slag,  and  when  thift  phig.  rich  in  silica,  cornea  at  the  end  of  the  process  into 
cmntact  inth  protoxide  of  iron,  while  carlxm  is  deficient,  a  portion  of  the  silica  (or  silioio 
acid)  combines  with  the  oxide,  forming  a  plug  which  acl}ien?s  to  the  sides  and  bott<»m  of  the 
hearth,  while  a  basic,  not  easily  fuBiblo  slag  remains  mixed  up  with  the  metal.  In  tlie 
poddling  process  the  great  drawback  L»  that  tho  complete  removal  of  the  slag  from  the 
iron  is  practically  impossible ;  at  lea^it,  such  has  been  the  case  hitherto.  That  iron  pre- 
jaaei  in  this  way,  whidi  may  even  contain  two  or  more  per  cent,  of  such  slag,  is  some 
timei  brittle  and  cold-short  is  not  to  be  wondered  at. 
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HmUiik  with  Oa<(«.  Instead  of  employingr  coal  or  coko  as  fuel,  the  revcrberatoryfunmocs 
are  often  beated  Ts^tli  combustiblo  gases  e^icaping  fixnu  the  blast-fumaces  or  with  ga^  made 
lot  thfi  purpose  in  a  ^ni^rator— tui  arrangt^nieat  not  unlike  a  coke-oven  ^  in  which  such 
refuBe  fud  na  cannot  bo  othenrtse  uttlizea,  tIz.,  waate  of  timbcr-yanb,  refuse  charcoal, 
peat,  and  small  coal,  i^  submitted  to  dry  distillation.  The  generator  ia  comiectcd  to  thu 
reTcrberator)-  furnace  in  sueh  a  manner  that  the  gaaes  evolved  in  the  former  roach  the 
latter  very  highly  heated.  For  some  years  Sieraen»*g  regenerator-furnace  ha«been  applied 
to  this  purpose,  and  found  to  surpaaa  all  other  arrangeuKnts  of  the  kind,  \\lien  crude 
^^^^         _  pig-iron    contains  laiiih  pbo«phoru*,  that  clement 

^^^BM    WT'J  amiy  bo  eliminated  during  tlie  puddling  procciiS  by 

<  lidding    to  the  metal  a    mi^turo    of    mangancm*, 

common  salt,  and  clay,  reduced  to  powder.    Sulphur. 

when  present,  may  bs  burnt  off  by  adding^  litharge ; 

eteum  ha«  also  been  used  sacceflsfully  for  this  latter 

purpose. 

"«*.»i?.','S:^!l  TLo  metul  obtained  by  tlie 
puddling  2>rocuss  is  submitted  to  hoayy  hammer* 
iug  or  to  squeezers  in  oixler  to  renvovo  as  much 
mechanically  adhering  slug  as  posaiblo ;  after 
this  it  is  ready  for  the  operutitjus  earned  out 
KoiiiDs  Kiu*.  in  the  rulling  mill  {^^i^.  12)  whicli 
consists  in  the  main  of  the  following  parts: — B  b' 
and  A  a' are  gi^ooved  mllera  luado  of  chilled  cast' 
iron  ;  a  A' are  destined  for  shaping  flat  bars,  and 
11  b',  for  the  shaping  of  square  bats ;  by  means  of 
the  nut^,  o  0,  the  position  of  the  rollers  towards 
uach  other  con  b<f  regulated:  iho,  tubes^  t  i^  Oktry 
water  for  keeping  cod  portions  of  the  machinery » 
The  contiiyancG  M  K  serves  to  connect  or  dis- 
connect the  roUera  from  the  steam  engine  or 
water-  wbeol  from  wliich  is  obtained  the  motive 
power  ;  tho  e<»g- wheels  F  and  c  impart  motion  to 
the  cog-wheels  f'  and  c  connected  with  the  upper 
rollers  a'  and  b',  wluch  are  thus  made  to  move  in 
tho  opposite  diTiJction  to  tho  under  rollers,  Tlio 
inotal  to  bo  rolled  is  first  roughly  i^iaped  by 
means  of  hea\^'  hammers  (steam  ham m el's  aits 
nov/  often  u.*edj,  and  then  passed  gradually 
tlirough  the  variously  sized  grooves  of  the  rollers. 
Fig.  13  exhibitt  rullfrti  of  a  peculiar  construction, 
vijC.,  steel  rings  or  discs  wedged  to  uxm  ahaiting 
60  as  to  form  alternately  largo  and  t-Tnall  grooves 
for  the  manufaeturo  of  tliui  bars  of  iron,  such  as 
nail-rods,  &c. 

A  variety  of  rolled  iron  objects  aro  made ; 
among  tliese,  squaro  jujd  flat  bars,  roiuid  bars, 
T*piccc8,  angle-iron,  hoop-iron,  and  nail-rods  ; 
railroad  rails  constitute  an  important  item. 
iioiiet  fifltf  noutnt.  The  rolling  of  boiler-  nnd  armotir  ]>lflte  is  an  iwlated  branch,  since  it 
nxpiire^  a  metal  of  good  quality,  c/imbining  softness  with  toughness,  and  capable  of  Wing 
worked  far  Wlow  red  bent  n-ithout  bi.'coming  too  brittle  at  requiring  annealing  too  often : 
for  iKJiler-  and  armouT'plutcvs  the  tnetAl  is  formed  into  slabs  of  pn>iier  size,  which,  while 
nearly  white  hot,  are  forced  thnnigh  the  rollers^  After  caoh  tuc^cf  eding  passage  oi  the 
iihiK  the  rollers  are  set  tight cjr,  the  oxide  (forge  s/'ftle)  which  is  formed  on  the  Hiufaco  of 
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tli«  xnotal  u»  removed  by  brushing  with  wet  coarsely -made  heather  bruahcB.     Thin  ihoct- 

iron  ia  rolltxi  out  from  plat^-irou  cut  into  email  sLibft,  wliich  are  at  first  hot,  hut  lit  n  Utcf 

stftgo  of  the  operation  the  rolling  is  performed  cold,  the  metal 

haTiDg    been  previously  annealed    in    properly    conatructed 

fimiocoa.    Under  the  headingps  of  Zinc  and  Tin  the  galyanifling 

and  the  tinnnig  of   iron  are  treat<:'d  of;    oormgated  ircm  m 

made  by  peculiarly  shaped  and  grooved  rollora. 

In  B  W(rv  The  drawing'  of  iron  into  wire  requires  particu- 

HcKutociurr.     larly  tough  and  fibrous  metal.  In  fonner  days  iron  I 
Tvire  was  mado  by  dirnRinR"  thin  circiihir  lurs^, by  theaid  of  ton^,  < 
through  holfcft  made  in  steel  plate.s ;    in  tlio  i>re«c'nt  day  iron 
wire,  ii  stout,  is  mado  with  rollers^  wlulo  the  thinner  wire  Lj 
made  with  machinery  to  be  presently  described.     The  roUin;r* 
niiU  for  the  drawing  of  iron  wire  up  to  a  diameter  of  about  \  of 

Mt  inch  eonsiBts  of  three  rollers  provided  with  grooves  which  corrr^pond  to  and  catcii  a  bar 
of  iron  when  placed  between,  the  l*ar  Unng  thua  squeexcd  in  tlic  ^rrtxired :  these  rolltTs 
make  240  revolutionu  a  minute,  and  since  the  diameter  is  S  r  ^       r^  ;   1 

velocity  i*  =r  S'37  feet,  or  in  other  words  S  ft^ot  4 4  irif  hc^  of  v 

in  Ji  second  of  time;  thinner  wire  is  obtained  bv  dniwing,  wi<'  ,    hu 

ftt<mt«r  kinda  of  wire  through  holetJ  made  in  hard  and  unehan^ablo  materials,  tiie  si^e 
of  those  holc3  gradually  decreajsing.  For  this  puq^ose  the  previously  anm^aled  wire,  frtjin 
I  to  ^*  th  of  an  inch  diiuueter,  is  woiuid  on  the  reel,  A  (Fig»  14)  ;  the  end  of  tlie  whv  idmpd 
Komewhdt  to  a  point  is  put  through  the  hole  made  in  the  draw-plate, »;  thin  hole  iK-inK-  of  11 
idightly  lc*3  tbiinietur  tluiu  that  of  the  wire,  which  is  next  fa*t<'r  ^  *  ♦^  "'  '  '  ■  -  ^  -  , 
of  the  eonic^Uy-sliaped  drum,  c,  which  acquires  a  rotatory  n^ 
(Fig.  14),  by  moans  of  conically-shaped  cog- wheels,  an  arrangcti 
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neet  <rr  diMxmnect  the  apparatus  from  the  Ktcom-engmef  bo  aj9  to  »top  or  set  in  motion  tlto 
wiro  1  ~-  machinery  without  stopping  the  steanti^engino.  Tlie  ^ape  of  the  holes  in 
tht  is  of  the  hii,diest  importanee  for  the  success  of  the  operation,  and  to  obtain 

pi'n  1  wire  the  holes  ought  to  be  quite  true;   if,  however,  the  holes  wero  made 

perr  ra  through  tlie  entire  thickness  of  the  draw-plates  the  rej^ult  would  be  that 

iht^  <l  of  gfuddciily  diimntihing  in  size,  would  break  ;  on  that  account  tb**  bolrf! 

ar»   '  'p<>d.   Tnedraw-Y»late  is  made  of  f  tech  but  for  very  thhi  Mnr*    '  ' 

pn  1  l  pierecd  are  employf^h  Inm  wire  hoJ?  to  be  repeatedly  aim* 

%hv  |.»-^  .^-,  .M  ^  '   ^^  ''     innealing  operation,  unless  carried  on  with  compj.  i-  .  >.  ju- 

»ion  of  «ir,  a  1  f    iron  is  formed,  the  wire  require**  ti*eatment  in  what  is 

tcehiucally  ttni  ji,  crimposcd  of  dilute  sulphurio  acid  and  a  c<?rtain  auiount 

of  sulphate  of  copper ;  the  thin  layer  of  e<tpj>er  deposited  on  the  wire  during  the  inmiersiou 
ill  thti  hath  lessens  the  friction  on  the  wire  in  paasing  tlirough  the  holti*.  The  thinnest 
irjo  wire  met  with  in  the  trade  has  a  diametc  r  of  only  jj^th  of  on  inch,  and  is  known  as 
piaoo  wire.  Iron  wire  is  rendered  soft  by  being  heated  to  retlnesa,  and  is  protected  from 
raBtlni^  by^  immersion  in  a  bath  of  molten  zinc,  so-called  gnlvani,«dng.  Tlie  n^t^  to  whicli 
ma  wire  it  applied  aro  so  varied  that  it  is  scarcely  poMtdble  to  enumerate  them ;  Hi  is  k 


26  CHEMICAL    TECEKOLOGT, 

the  loss  tteoeaBarj,  ai  in  no  countiy  in  the  world  is  iton  wire  bo  largelj  OBed  aa  in  t}«e 
United  Kingdom^  especially  instead  of  hemp  for  rope-making. 

'''rKTifSn*!'^  Malleable-  or  bar  iron  is  made  up  of  an  aggrogaiion  of  fibres  which, 
according  to  the  researches  of  Dr,  Fuchfi,  are  composed  of  a  series  of  \^vy  smiill 
ciyatals.  Heavy  blows,  continuoTisYibTation,  and  suddon  cooling  of  the  metal  while 
red-hot,  all  cause  the  particles  to  lose  cohesion  and  alter  the  texture  from  fibrous  to 
granular :  a  well-known  consequence  of  this  change  of  structure,  which  is  also 
suddenly  induced  by  groat  cold,  ia  the  loss  of  tenacity  in  the  iron,  often  attended  with 
breakage,  as  happens  frequently  enough  to  railway  wheel-tyres,  axles,  &c.  The 
coloxir  of  malleable  iron  is  bright  grey,  the  fracture  granular  or  jagged ;  its  specific 
gravity  varies  from  7*6  to  7*9  (that  of  chemicaUy  ptire  iron  being  7*844) ;  from  0*24 
to  0-84  per  cent,  of  carbon  ia  present  in  the  iron,  the  greater  part  in  a  state  of 
chemical  combination,  in  fact  there  is  only  a  trace  of  graphite, 

Tlie  chemical  constitution  of  mallcablo  iron  is  shown  in  the  following  analytioal 
nywUts :— Sample  I.  being  Engliah  iron  from  South  Wales ;  II»|  soft  iron  &W  Hagde- 
sprung  on  the  Harz  (Prussia) ;  III.,  Dannemora  iron  from  Sweden, 

I.  II.  in. 

Iron 98904  98-963  9877s 

Carbon      ,,      ..     ..     0-411  0400  0'843 

Silicitim 0-084  0-014  O'llS 

Mangfinesc       . .      , .     0*043  0'303  0*054 

Copper      . .      . .      . .       nil  03  20  0'06S 

Phosphorus       . .      ..     0-041  nil  nil 

Malleable  irtm  ol  good  quality  does  not  bccomo  brittle  when  placed  red4iot  into  cold  water ; 
it  ought  cot  to  lose  its  mallea^bility  when  thus  treated :  it  is  far  softer  than  white  and 
bright  grey  cast-iron,  and  ia  thcreiViiYj  easily  fil<^,  cut  with  the  cold  chisel,  planed,  and 
shaped  in  various  ways  even  cold  ;  it  melts  with  far  more  difficulty — requiring  a  much 
higher  temperature — than  cast-iron ;  bat  malleable  iron  is  poBnessed  of  the  valuable  property 
of  becoming,  at  a  bright  red  heat  (orange  heat) ,  so  soft  oa  to  admit  of  two  pieces  being  firmly 
welded  together.  The  malleable-iron  ol  commerce  is  often  more  or  less  mixed  with  foreign 
Bubfltanoes  which  in  some  cases  impair  its  quality  ;  if  sulphur,  arsc'nic,  or  copper  is  present, 
the  iron  is  thereby  rendered  red-short  (breaks*  when  hnmmered  in  the  r^-hot  stateN ; 
silicinm  renders  iron  hard  and  brittle ;  phos|jhoru9  makiiJi  it  cold-short,  i.t,  rather  readily 
breakable  when  oold,  although  not  so  when  red-hot ;  calcium  has  the  effect  of  greatly 
impairing,  if  not  altogether  dostroyinp*,  the  welding  capability  of  the  metal.  As  regmids 
the  choice  of  the  different  qualities  of  malleable  iron  for  rarioua  uses,  it  is  not  in  the  scopo 
of    this  work  to  enter  into  detail,  the  question  being  one    of    applied  mechanics  and 

^engineering  rather  than  of  chemistry*      Swedish  bar-iron  is  for  certain  pui^KMaes  in  high 

|t«puter  owing  to  the  purity  and  strength  of  this  kind  of  Iron* 

y.  Steel* 
nl  This  substance  dilfors  from  crude  pig-iron  and  from  bar- iron  in  the  amotint 
of  carbon  it  contains ;  from  crudo  iron,  moreover,  by  being  capable  of  welding ; 
and  again  from  bar- iron  by  being  compai'atiTely  readily  fusible :  in  reference  to  the 
amount  of  carbon  present,  steel  hohls  a  position  between  crudo  pig-iron  and  bar-iron, 
BiHsent  researches  have  revealed  the  fact  that  steel  contains  nJtr<»g«?u  ;  but  whelJier 
this  element  really  contributes  to  the  peculiar  properties  of  ste<^l  obtained  from 
diflerent  sources  ia  not  a  definitely  settled  point.  Steel  is  obtained  of  various  quali- 
ties by  a  number  of  processes,  as  will  be  seen  in  the  following  brief  reference : — 
04  Directly  from  iron  ores : — 

I.  By  the  reduction  of  iron  ores  directly  with  the  aid  of  fuel  (ohicily  charcoal),  and  a 
blast  on  the  hearth,  the  steel  being  obtained  in  the  form  of   lumps   (Fi>-caUed 
natural  steel). 
a.  By  the  heating'  of  certain  iron  ores  along  with  cool,  but  without  fusion  (cementa- 
tion steel  from  ores). 
3.  By  the  fusion  of  the  iron  ores  along  with  charcoal  in  cntciblcs  (oast-eteel  from  ores}. 


IRON,  27 

b.  By  the  partial  decarbonisation  of  pig-iron  (rough  steel,  furnace-steel,  or  German  steel): — 

4.  By  the  refining  (partial  decarbonisation)  of  pig-iron  by  means  of  charcoal  fuel  on 
the  hearth  (shear-steel). 

5.  By  treating  pig-iron  in  reverberatory  furnaces  fe<l  by^  coal  or  blast-furnace  g^ases 
as  fuel  (puddled-steel). 

6.  By  forcing  air  through  molten  cast-iron  (Bessemer-steel). 

7.  By  heating  cast-iron  to  redness  along  wim  substances  which  will  effect  decarboni- 
sation below  the  fusion  point  of  the  metal ;  if  the  substances  employed  for  partial 
decarbonisation  are  iron  ores,  the  steel  is  called  iron  ore  steeL 

8.  By  melting  crude  cast-iron  with  such  substances  as  those  just  mentioned. 

9.  By  treating  crude  cast-iron  with  sodium  nitrate  (Heaton-stecl,  Hargrcaye-steel). 

c.  By  imparting  carbon  to  bar  or  malleable  iron : — 

la  By  ignition  with  carbonaceous  matter,  but  without  fusion  (cementation-steol). 
1 1.  By  &sion  with  charcoal  (cast-steel). 

d.  By  combination  of  methods  b  and  c,  as  in  fluxed  steel : — 
12.  By  melting  crude  pig-iron  and  malleable  iron  together. 

In  India  a  kind  of  steel  is  still  made  directly  from  iron  ores,  and  known  as  wootz  (as  to 
the  composition  of  this  substance,  see  the  "  Chemical  News,"  vol.  xxii.,  p.  46);  it  is  possessed 
of  excellent  qualities.  The  Japanese  also  understand  the  art  of  making  steel  of  most 
dxcellcnt  quality  by  rather  rough  and  primitive  means.  According  to  the  modes  of 
manufacture,  we  distinguish  the  following  kinds  of  steel : — 

Bough  steel.  This  material,  obtained  by  the  partial  docarbomsation  of  crude  pig- 
iron,  may  bo  either : 

1.  Bough  steel  made  on  a  hearth  (natural  steel),  chiefly  obtained  from  the  pure 
spathic  iron  ore,  from  which  in  Styria,  Carinthia,  Tyrol,  and  various  other  parts, 
porous  white  pig-iron,  or  white  pig-iron,  with  granular  structure,  is  first  obtained  by 
means  of  charcoal  and  coke  as  fuel ;  the  ordinary  gi*ey  cast-iron  can  also  bo  used,  but 
the  resulting  steel  is  not  of  such  good  quality.  The  general  arrangement  of  the 
hearths  on  which  rough  steel  is  made  is  the  same  as  for  the  operation  of  iron  refining ; 
th?  only  difierenco  is  in  the  mode  of  placing  the  metal  in  reference  to  the  blast,  the 
operation  being  so  conducted  as  to  cause  only  the  gradual  combustion  of  the  carbon  ; 
the  workmen  take  care  to  control  the  blast  and  place  the  metal  in  a  manner  which 
enables  them  to  stop  the  further  action  of  the  air  the  moment  the  proper  amount  of 
decarbonisation  has  been  effected. 

2.  Steel  obtainedin  a  reverberatory  furnace,  orpuddled  steel,  obtained  from  various 
ki  idi  of  cast-iron  by  a  process  akin  to  the  puddling  of  crude  cast-iron,  the  burning  off 
of  the  carbon  not  being  carried  so  far.  This  mode  of  manufacturing  steel  is  exten- 
sively employed,  and  yields  a  material  well  suited  for  the  making  of  various  kinds 
tf  machinery,  railway  carriage- wheel  tyres,  and  is  also  largely  used  in  the  manu- 
facture of  cast-steel. 

Styrian  and  Corinthian  cast-stccl  (charcoal  iron-steel)  is  far  more  expensive  than 
puddled  steel,  but  the  former  is  indispensable — at  least  on  the  Continent — for  the  manu- 
facture of  all  kinds  of  cutting-tools. 

3.  Bessemer-steel.  Mr.  Henry  Bessemer,  in  1855,  first  applied  a  process  of  making 
steel  directly  from  cast-iron  ;  the  process  consists  in  forcing  large  quantities  of  air 
through  molten  crude  iron ;  the  consequence  is  that  the  conversion  of  the  iron  into  steel 
is  effected  in  a  comparatively  brief  space  of  time;  moreover,  the  resulting  steel  remains 
fluid ;  the  difference  of  the  action  of  the  air  as  an  oxidising  or  decarbonising  agent  in 
this  instance,  as  compared  with  the  process  of  steel-making,  mentioned  imder  No.  i 
and  2,  is  that  in  the  case  of  the  Bessemer  method,  the  air  thoroughly  penetrates  and 
comes  into  contact  with  every  particle  of  iron ;  whereas,  in  the  other  instances,  the 
action  of  the  air  is  only  at  the  surface ;  and  since  the  steel  obtained  by  methods 
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I  and  2  is  lc«8  fusible  tlian  the  crude  iron  ised,  a  second  refiuiug  or  amoltiiig  becomes 

necessary  to  render  the  stoel  uniform  and  homogeneous. 

The  Bessemer  proceia  is  executed  either  in  dijninntivo  ahaft-ovens  or  in  eg^y-sliaped 
ressela  mndo  of  boiler-pinto  converters,  and  Ikuxi  with  fire-flay ;  projc?otmg  for  mm&  inchoH 
through  the  inside  of  the  bottom,  five  ftU  inch  wide  ftre-clay  tubes  are  cjirri»xl,  throtig-h 
whieh  powerfully  compressed  air  can  be  force^L       The  apparatus  is  placed  in    cli>so 
L  ^oxiimty  to  a  bla^t  furaaco,  so  aa  to  admit  of  running  the  molten  iron,  xiurjxjsw  ly  kept  at 
\  D  very  high  degree  of  heat,  readily  into  the  oven  or  other  vessel,  whUe  at  the  bottoia  of  the 
I  converter  there  ia  an  axierturc  cloaed  with  a  fire-clay  plug^  through  which  the  molten  eteel 
lean  be  diseharge<l.      As  soon  as  the  bhist  la  turned  on  and  the  vessels  hidf  tilled  with 
riDolten  iron,  a  very  violent  action  enfluee*  the  metal  apparently  begins  to  boO,  fliimea  and 
myriada  of  sparkii  burst  forth  from  the  converter  (tliis  phcnonienon  appears  to  be  due  t^ 
the  fact  that  particles  of  partly  decarbonised  iron  and  a  mlxtiire  of   iron  and  oxide  are 
driTKn  against  each  other).    According  to  the  duration  of  the  action  of  the  blast  (lo  to  25 
aninntes)  steel  or  bar-ircoi  may  l>e  nmde,  and  of  late,  even  in  making  steel,  the  action  »•* 
carried  to  the  highest  possible  piteh,  and  to  the  resulting  mctnl  a  portion  of  molten  wliito 
pig-iron  ia  added.    B«SBcmer  atoel  is  birgely  used  for  a  variety  of  purposes;   but  it  ia  not 
Stable  for  the  manufacture  of  such  cutting  tools  and  instniinents  as  require  a  keen  and 
durable  edge ;  on  the  other  hand,  Bessemer  met«l  is  an  excellent  material  for  the  manu- 
facture of  Doiler  and  armour-plates,  ordnance,  railroad-railtf,  and  a  g^roat  variety  of  heavy 
macliincry.     As  might  be  expected,  this  method  of  Bteel-nxaking  has  rapidly  spread  frijm 
Kn gland  to  all  parts  of  Europe  and  to  j\jn erica ;    and  as  a  proof  of  the  haniisome  prc«tit  J 
earned  by  the  inventor,  whose  royalty  amounts  to  is,  per  cwt.,  we  may  state  that  the  total 
quantity  of  Be&senu^r  steel  produced  in  Euro^  in  the  year  1S69  amounted  to  5*5  mHUons 
of  cwta.,  70  per  cent,  thereof  being  produced  m  Great  Britain. 

4.  TJchatiiis  and  Martin  Steel  are  alao  din^ctly  prepared  from  cnido  cast-iron,  by 
mixing  granulated  crude  pig-iron,  made  from  native  magnetic  iron  oro»  along  with 
pulTcrbed  spathic  iron  ore,  and  fusing  this  mixturo  in  plumbago  crucibles.  M. 
Martiii  replaced  tho  use  of  tho  crucibles  in  this  process  by  that  of  the  aomewha^t 
hollow  floor  of  a  reverbei^ator}^  furnace  heated  by  means  of  a  Siemens's  regenerativi* 
gnjs-fumace.  A  quantity  of  crude  pig-iron  is  melted  uoder  a  layer  of  slag,  nud 
from  time  to  time  bar-iron  is  added  until  a  sample  taken  out  ia  found  to  possess  tho 
texture  and  good  qualities  of  malleable- iron.  When  thia  stage  hus  been  reached, 
a  certain  amount  of  crude  cast-iron  is  addtid,  whereby  the  entire  quantity  of  metftl 
is  converted  into  a  kind  of  cast«&teol|  chiefly  suited  to  the  making  of  railroad- rails, 
wh»ol-tyres»  and  especially  gun-barrels  aod  oi'dnanco.  Tiinner*3  steel,  which  dutet 
fhmi  i855»  ttlao  kaown  aa  malleable  c^%8t-irun,  ia  obtained  by  igniting  white  pig- 
iron  to  bright  i^dnesa  with  substancea  which  give  off  oxygon  (oxides  of  iron  and 
zinc  and  peroxides  of  manganese)  when  thus  treatfxl, 

5.  Heatou  steel.  Prepared  by  a  process  deviseil  by  ^fr.  lleaton,  in  which  crude 
iron  is  heated  with  nitrate  of  soda  (Chili-saltpetre).  By  this  method  not  only  tho 
carbon  ia  eliminated,  but  the  sulphur  and  phosphorus  being  oxidised  and  converted 
into  phosphates  and  sulphates,  find  thoir  way  into  tho  slag.  The  principto  of  thia 
method  is  tho  same  as  in  Mr.  Hargreaves'e  phin,  and  again  identical  with  a  proposed 
new  method  of  Bessemer  ateel-mttking, 

'SS^'t*w^^uiM'1ri«*  n.  The  second  kind  of  steel  is  that  known  ns  cementaUon- 
Btoel — a  metal  prepared  by  the  ignition  of  bar-iron  in  contact  with  carbonaceous 
matter,  preferably  containing  nitrogen.  The  bar-iron  to  bo  employed  for  thi^ 
purpose  should  be  of  tho  very  best  quality,  and  since  in  Great  Britain  and  France, 
the  best  iron  produced  is  not  giwd  enough,  both  these  couutiies  tlraw  largely  upon 
Sweden  for  a  supply  of  Dannemora  iron,  made  from  magnetic  and  red  hfc»m'atit4j-irc>n 
ores  mixed.  The  Eussian  iron  firom  the  Ural  ia  of  tho  same  good  quality,  but  the 
transport  is  at  present  far  too  costly.  It  is  almost  superfluous  to  montiitn  that  the 
chief  scat  of  the  steel  manufacture  in  England  is  ShoE&eld. 
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The  proceBs  of  making  cementation-steel  is  smiple  enough.  The  bars  of  iron  are  phiced 
in  fire-clay  boxes,  in  layers  alternating  with  the  carbonaceous  matter  (cementation- 
powder).  Two  of  such  boxes  are  placed  in  a  furnace  which  is  heated  with  coal,  and  the 
boxes  are  kept  at  a  red  heat  for  some  six  or  seven  days,  and  after  cooling,  the  bars,  con- 
verted into  steel,  are  taken  out.  Each  furnace  contains  from  ^00  to  350  ci^'ts.  of  iron.  In 
the  oementation-jHJwder  such  substances  as  will  form  cyamde  of  potassium,  or  ready- 
fortned  cyanides,  ought  to  be  present.  It  appears  from  recent  researches  that  cyanogen 
(CN)  is  to  be  viewed  as  the  carrier  of  the  carbon  to  the  metal.  The  crude  steel  (blistered- 
steel)  obtained  by  this  operation  is  not,  as  such,  fit  for  use,  but  has  to  imdergo  a  process 
of  purifying. 
Rrfln^-stMi.  Not  Only  ccmcntation-steel,  but  also  that  obtained  by  the  other  methods,  is 
Shear-steel,  too  coarse  and  not  sufficiently  homogeneous  for  immediate  use,  and  therefore 
a  process  of  refining  has  to  be  resorted  to.  This  process  consists,  firstly,  in  the  hammering 
out  of  the  steel  bars,  previously  made  red-hot,  into  thin  rods,  which  are,  while  red-hot, 
quenched  with  cold  water.  Next  a  nnmber  of  these  are  placed  together  in  the  form  of  a 
bimdle,  which  is  again  made  red-hot,  well  hammered,  and  afterwards  rolled  into  bars. 
The  method  of  refining  here  alluded  to  is  more  suited  to  the  quality  of  steel  obtained  from 
crude  pig-iron  than  to  cementation-steel.  Steel  thus  refined,  on  account  of  being  used  for 
making  large  pairs  of  scissors  or  shears,  bears  the  name  of  shear-steel. 

cast-stMi.  Cast-steol,  in  modem  industry,  has  assumed  a  most  enormous  importance, 
as  evidenced  by  such  gigantic  works  as  those  of  M.  Krupp,  at  Essen  (Prussia).  The 
existence  of  these  works  notwithstanding,  Slieffield  takes  the  foremost  rank  in  the 
manufacture  of  cast-steel.  The  following  is  the  plan  pursued : — The  bars  of  blistered- 
steel,  cut  to  a  convenient  size,  are  introduced  into  crucibles  made  of  Stourbridge  clay, 
which  are  heated  in  furnaces  similar  to  glass-melting  ovens,  fed  with  coke  or  coal  as 
fuel;  the  molten  metal  is  cast  into  bar-shaped  moulds,  and  the  bars  are,  after  cooling, 
again  heated  to  redness  and  hammered  or  rolled  out  in  a  mill.  As  to  the  uses  to 
which  cast-steel  is  applied,  suffice  it  to  say  tliat  hea^-y  ordnance,  as  well  as  large 
bells,  excellent  cutting- tools  and  files,  best  cutlerj',  and  many  surgical  instruments, 
number  among  them.    Cast-steel  is  homogeneous,  and  therefore  strong  and  durable. 

***?J?cm<£cL^iIS*"*  III-  A  thii'd  kind  of  steel  (var>dng  according  to  the  mode  and 
materials  of  production)  is  that  called  Glicenti-steel,  obtained  by  melting  together  ^ 
peculiar  white  pig-iron  (spiegel-iron),  and  bar  or  malleable-iron.  The  toughness, 
hardness,  and  malleability  of  this  metal  depend  upon  the  quantity  of  bar-iron  which 
has  been  added  to  the  mixture. 

Surface  steei-Haidcning.  It  frequently  happens  that  for  certain  purposes  soft  iron  only 
i-equires  to  be  converted  into  steel  superficially,  an  operation  termed  surface-harden- 
ing or  surface-steel  hardening,  which  is  done  by  placing  the  metal,  previously 
polished  with  emery,  in  a  suitable  vessel  covered  in  cementation-powder  (see 
above) ;  the  vessel  and  contents  being  next  heated  to  redness,  malleable  iron  tools, 
spanners,  for  instance,  keys,  and  small  objects,  may  be  readily  surface-hardened 
by  being,  while  red-hot,  dusted  over  with  powdered  ferrocyanide  of  potassium, 
yellow  prussiate,  or  with  pulverised  borax  and  pipe-clay. 

PropeitiM  of  steti.  The  coloup  of  stoel  is  bright  greyish- white,  its  texture  is  uniformly 
granular^  the  better  the  quality  the  smaller  the  grain.  Sound  soft  (that  is  not 
hardened)  steel,  never  exhibits  the  coarse  texture  characteristic  of  crude  cast-iron,  nor 
the  fibrous  texture  of  bar-iron.  Hardened- steel  exhibits  a  fracture  very  similar  to 
that  of  the  finest  silver,  so  close  that  the  granular  texture  can  hardly  be  detected  with 
the  naked  eye.  "When  red-hot,  steel  is  nearly  as  readily  malleable  as  bar-iron,  and 
may  be  welded,  but  very  careful  management  is  required  to  prevent  its  becoming 
decarbonised.  By  immersing  a  piece  of  steel  in  dilute  hydrochloric  or  nitric  acid,  the 
texture  of  the  metal  becomes  apparent,  and  this  test  may  be  applied  to  determine  the 
quality      The  specific  gravity  of  steel  varies  from  7*62  to  7-81,  and  decreases  in 
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liiaTdening  (for  instance,  from  7*92  to  7*55) ;  ibe  quantity  of  carbon  oontaiiied  in  steel 
Tanes  from  06  to  1*9  per  cent;  the  touglinesa,  tenacity,  and  liardnesa  of  steel, 
iucrease  with  the  qimmutj"  of  carbon  it  contains,  but  good  efced  never  contains 
grftphita ;  the  high  degroo  of  elasticity  exhibited  by  good  steel  decreases  with  the 
hurdne«3.  \VTien  red-hot  steel  is  suddenly  quenched  with  cold  water,  the  metal 
becomes  f^r  harder,  but  also  brittle,  and  will  even  scratcli  glass  and  withstand  the 
file ;  when  brightly  polished,  if  steel  is  gradually  heated,  it  assumes  peculiar  shades 
of  colour  (annealing  or  tempering  colour).  This  colouration  is  due  to  the  formation 
on  the  surface  of  the  stool  of  thin  layers  of  oxide,  which  exhibit  colours  Uko  other 
very  thin  surfaces — ^soop  bubbles,  for  instance,  or  a  drop  of  oily  or  tarry  matter 
extended  over  water.  The  operation  which  causes  the  formation  upon  steel  of  these 
colouiTi  is  called  tempering. 

TentpertDff.  In  Judging  the  proper  temperatui*e  and  the  corresponding  hardness  these 
tints  serve  admirably.  Since  it  is  often  rather  difficult  to  heat  a  piece  of  steel  ^ 
uniformly,  molten  metallic  mixtures  are  employed,  being  chiefly  made  up  of  tin  and  1 
lead  ;  the  bright  hardened  steel  is  kept  in  these  molten  mixtures  until  it  has  assumed 
the  temperature  of  thii  bath.  The  following  tabulatod  form  exhibits  the  composition 
of  the  metallic  baths,  which  experience  has  proved  to  bo  the  best  for  the  tempering  of 
cutlery  i— 

Composition  of 
mctallio  mixture. 


Helting 

point 


Tempemture. 


Hardly  pale  yoUow. 
Pale-yellow  to  straw-yellow. 
Straw-yellow,  • 

Brown. 


288" 


292" 


Purplish-coloured. 
Bright-blue, 
Deep  blue. 


Pen-knives       8^  4 

Pairs  of  scissors      .  t     . ,     14  4 

Clasp-knives,  joiners'  and  ) 

carpenters'  tools  . ,     * »  j    ^  ^ 

Swords,  cutlah906»  watch-  >    „ 

springs -  1 

Stilettos,  l)oring  'tools,  and  \  ^ 

fine  saws       P^ 

Ordinarj^  saws         . •     , .  j  i[^^,^,f  j        3^6°        Blackish  blue. 

Such  tools  as  uri>  i^uired  to  work  iron  and  other  metals  and  hard  stoncBi 
heattr'd  to  bright-yellow;  razors,  surgical-instriimenb',  coining  dies,  engnivers'-toolf?, 
and  wire-drawing  plates  follow  ncjxt  to  straw-yollow ;  carpenters'-tools  to  purplish- 
red  ;  whUo  such  tools  and  objects  as  are  required  to  be  elastic  are  heated  to  the  violet 
or  deep-blue  tint ;  the  less  steel  is  heated  the  harder  it  remains,  but  also  tho  more 
brittle.  Other  substances  than  carbon  (for  instance,  silicon  and  boron)  maybe  capable 
of  imparting  to  iron  properties  similar  to  those  wo  are  acquainted  with  in  steel.  Some  j 

uiJiriiMi*.  other  metals  mixed  with  steel  in  gn^nter  or  lesser  quantity  improve  th©  1 
quality  in  some  respects ;  for  instance,  for  tho  lost  few  years  steel  has  been  made  in 
Styria,  which,  owing  to  its  containing  tung^en,  \b  exceedingly  tough  and  hard. 

%5J*»«i3*  T^  steel,  specially  celebrated  for  making  swords,  was  first  made 
at  Damascus.  Its  name,  Domascenet  is  applied  io  tho  property  it  possess*'S  of 
exhibiting  a  peculiar  appeomnoe  when  oeted  upon  by  an  acid ;  but  tliis  appears  U>  l>o 
due  rather  to  some  imperfection  of  the  welding  of  the  metal,  since,  after  melting,  the 
Bomo  i>eculiar  shades  of  colour  do  not  appear.  We  have  already  alluded  to  tho  ri^x^nt 
reeeaicbes  conceming  the  true  composition  of  this  metal.    One  of  the  largest  collec* 
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uons  of  tools,  Bwords,  gun-barrels,  and  bars  of  this  kind  of  stool  to  bo  found  in  Europe 
is  in  the  India  Museum,  Whitehall.  In  order  to  elucidate  the  composition  of  somo 
kinds  of  steel,  the  following  analyses  are  appended : — ^The  samples  are — i.  Eefined 
steel,  from  Siogen  (Prussia) ;  2.  Cast-steol,  from  Schmalkalden  (Prussia)  ; 
3.  Puddled-steel ;  4.  Steel  from  Bussian  cast-ordnance;  5.  Cementation-steel, 
Elberfeld  (Prussia) ;  6.  English  cementation-steel ;  7.  Krupp*s  steel  (Essen). 
I.  2.  3.  4-  5-  6-  7- 

99*01     99-12    99-351 

1*87      0*532 


Iron      

97-91 

98-154 

98-602 

98-75 

Carbon     {  g^  -  .. 

1-69 

1-730 
o-oio 

1-380 

trace 

1*02 
0-15 

Silidum       . .      . . 

0-03 

0-202 

o-oo6 

0*04 

Sulphur 

trace 

0-003 

— 

— 

Phosphorus..     .. 

— 

— 

trace 

— 

Manganese  • . 

— 

— 

0-012 

— 

Copper 

0-37 

— 

— 

— 

0-41) 

o-o8  j 


0-032 
o-ooi 
o-ooi 


loo'oo  100-000  100-000  loo-oo    99*50  101-09   99*917 

sidooffnphT  or  Steel  The  engraying  of  steel  requires  plates  made  of  cast-steel,  which,  in 
EBgrmTinK.  order  to  be  sufficiently  soft  for  the  engraver's  tools,  are  first  superficially 
decarbonised,  and  after  the  engraving  is  made,  again  hardened.  The  engraved  plate  is 
not  employed  direct  for  printing,  but  is  used  as  a  matrix  for  the  preparation  of  plates  to 
be  printed  from ;  this  process  is  carried  out  in  the  following  manner : — ^A  solid  cast-steel 
cylinder,  turned  in  a  lathe,  is  superficially  softened,  and  the  engraved  plate  is  placed 
under  this  cylinder,  so  that  with  great  pressure  and  a  slow  revolution  of  the  cylinder,  the 
plate  moving  also  very  slowly,  a  relief  of  the  engraving  is  produced  on  the  cylinder,  and 
this  being  again  hardened,  is  employed  to  reproduce  the  engraving  on  other  metallic 
plates,  which  may  be  either  copper  or  soft  steel.  Instead  of  engraving  the  design  on 
soft  steel  plates,  etching  is  often  resorted  to,  for  which  purpose  corroding  fluids,  such  as 
nitric  acid  (aquafortis),  nitrate  of  silver,  sulphate  of  copper  in  solution,  or,  lastly,  a  solu- 
tion of  2  parts  of  iodine,  5  of  iodide  of  potassium,  and  40  of  water,  are  used. 

Statistic*  of  Steel        The  annual  production  of  steel  in  Europe  may  be  roughly  estimated  for 

Production.       ,g-Q  at  6,285,000  cwts.  at  50  lolos.  to  the  cwt. 
The  imperial  English  cwt.  is  equal  to  508*023  kilos. ;  of  this  total  the  undermentioned 
ooontries  produce : — 

United  Kingdom  of  Great  Britain  and  Ireland  2,300,000 

France 1,350,000 

•                            Belgium ;     125,000 

North  German  Confederation 1,120,000 

Austria 900,000 

Sweden 250,000 

Bussia 150,000 

Italy       75,000 

Spam     15,000 

Total     6,285,000 

Ibon  Prkparations. 
Q^SPvKoL       The  substance  called  copperas  and  green  vitriol,  sulphate  of  protoxide 
of  iron  (FeS04+7HaO),  is  mot  with  in^the  trade  in  the  form  of  greenish-colom-ed 
crystals  possessed  of  an  inky  astringe  it  taste ;  on  exposure  to  dry  air  the  crystals 
effloresce,  and  are  gradually  converted  into  a  yellowish  powder — basic  sulphate  f»f 
peroxide  of  iron.     100  parts  of  the  chemically  pure  crystallised  salt  consist  of  :— 
26*  10  parts  of  .protoxide  of  iron. 
29-90       „  sulphuric  acid. 

44-00       „         water. 
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i«*TOoi»uan  or  Own  Sinoo  tli0  minorals  ordinarily  used  m  tlie  manufacture  of  alum — 
Ui  Alum  iotk»."  tho  alum  schists— generally  contain  iron  pyrites  (FoSa),  either  as 
iruoh  or  already  partly  converted  into  a  basic  sulphate  of  tho  peroxide  (which,  on 
being  treated  along  with  the  alum  shale,  l)ecomca  hy  weathenng  and  roasting 
converted  into  protosulphate  and  peroxide  of  iron),  green  vitriol  is  frequently  a  by- 
product of  alum  mauufactxire,  and  is  obtained  by  evaporating  the  mother-liquor 
containmg  iron,  and  leaving  it  to  crystallise.  In  some  localities,  as.  for  instance, 
at  Ooelar  (Pnissia),  on  the  Ilartz  mountains,  the  liqtior  obtained  by  the  lixiviation 
of  the  iron-C4)ntaining  minerals  alludisd  to  is  first  evaporated  for  the  separation  oi 
the  green  intriol,  then  a  potassa  or  ammonia  salt  added  to  the  remaining  acid  liquid 
to  obtain  alum, 

rre^j!»^[i-jn^r>f^Gtt«i    fpjjg  material  sometimes  ratlier  largely  found  in  coal  pits,  ami 

callefl  brass  (iron  pyrites),  is  collected  and  placed  in  layers  over  a  somewbat 

excavated  surface,  which  has  been  rendttred  impervious  to  water  by  puddling  with 

clay,  and  made  to  incline  slightly  in  one  tlirection  where  water-tanks  stand, 

into  which  scraps  of  old  iron  are  placed  with  the  view  of  saturating  any  free  acid ; 

the  pyrites,  placed  on  these  beds  to  a  thickness  varying  from  i  J  to  3 it  or  4  feet,  is 

slowly  oxidised  by  atmospheric  agency,  and  the  falling  rain  carries  into  the  tanks » 

more  or  Ipf^  strong  solution  of  copperas,  which,  when  sufficiently  concentrate* 

is  slowly  ovaporated^  some  scrap  iron  being  placed  in  tho  ovaporating-pans.     In 

ow.nT:trtoifmrr>    counti'ies  where  iron   pyrites  abounds,  and  fuel  and  labour  are 

p^rti«  Di*ttrutio!t.  sufficiently  cheap  to  make  tho  distillation  of  sulphur  from  pyrites 

profitable  business,  the  residues  are  utilised  in  green  vitriol  making,  a  salt  whicli 

thus  made  must,  of  necessity,  contain  a  good  deal  of  impurity.     Tho  brown  sulphuric 

orrrn  vitriol  fmn    ftcid  or  chamber  acid,  also  such  waste  sulphuric  acid  b^piids  as  are 

•ifid  Bui p^h uric  Acid,  obtained  in  the  oil  and  petroleum  refining,  are  sometimes  used  as 

fiolvents  for  scrap-iron  for  thn  preparation  of  green  vitriol,  which  may  aUo  bemadf* 

by  boiling  tbe  finely  pulverised  pudillingand  iron  refining  slags  with  sulphuric  acid, 

rrore  Sf*ihic  I"  locahties  wbere  ppathic  iron  (carbonate  of  pmtftxifle  of  iron,  FeC03^i 

iron  uix-  occurs  in  a  pure  statc^  tliat  nun  oral  may  be  usef  11II3'  applied  to  the  prcpara- 
tioa  of  green  ritriol  by  treatment  with  ffiilphuric  acid,  and  evaporating  the  soluuorL  thna 
obtained.  The  sulphate  of  iron  (jjpotoxide) ,  prepared  on  tho  large  scale,  is  often  met  with 
crystallised  round  a  small  thin  stiek  of  wood,  whieli  is  hunfr  ujj  in  the  solution  to  promot<f 
crystallisation;  ionietiinos,  at  least  abrond,  r  6o-c4ilh.Hl  black  vitriol  is  met  with,  which  is 
simply  grcon  copperas  superficially  ooluimjd  black  by  means  of  Home  astringent  decoction, 
such  as  nut  ^mlbt« 

tTicsofGrvfa  v^Hoi.  This  substauco  is  employed  as  a  disinfectant,  as  a  mordant  ii^dyeing 
and  cahco  printing  for  totiou^  black  and  brown  ehndes,  for  the  preparation  of  ink,  the 
deoxidatiou  of  indtgo — ea-caUed  cold  vat — in  gas  purifying,  in  the  precipitation  of  gold 
from  its  solutions,  in  the  ]^reparatiun  of  Prussian  blue,  in  the  jnanufacturo  of  fimung 
(Nordhausen)  sidphurio  acid,  and  for  a  host  of  other  purposes, 

troo  Minium.  DurirtjOf  the  Iru^t  10  or  15  years  a  largo  number  of  substances  under  this 
name  hare  been  introduced  us  ]jnints,  especially  for  iron  sea-going  vesAels  and  otber 
ironwork.  The  late  Dr.  Blocknxle  anal^p^ed  two  samples  of  this  painty  one  of  which, 
made  and  sold  by  M»  Carticr  in  Belgium,  was  fotmd  to  conaiat  in  icx}  ports  of: — 

Moisture  , »     ,•     . ,  275 

Iter!  peroxide  of  iron  68*27 

Clay  . ,      . .      . ,      , .  27-60 

Lime .  ♦     » ,     ♦ ,     , .  0*40 

A  nmple  of  Holland*!  iron  miTiiiiTn  waa  found  to  contain  in  ico  p«rta  i^ 


m 

ro  ^J 
ch^ 


Water  . .  . . 
Peroxido  of  iron 
Clay  (burnt)    ., 


6'0O 

85*57 
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l>r.  G.  J.  Mulder's  work  oil  liio  "  Chemistry  c>f  Dn'iiijjr  Ojli"*-^«Bcoi]d  or  applii*<) 
—attention  in  caUimI  to  tho  fact,  snd  mipporteil  by  results  of  AXMLl^flaa  of  diifort^ut  lixii 
iloms  obtained  by  the  author,  tliHt  some  of  these  paints  oautAiii  fro©  nulphiiric  ncid, 
irhioh  is  always  present  in  colcothar;  this  nc  id  may  excrdso  im  injurious  t'ftcet  on  iroa 
'  painted  with  such  tnatcriak. 

It  is  hardly  necessary  to  point  out  that  th&  use  of  iron  inimum  as  paint  is  loss  espcii- 
idv-o  than  the  u§e  of  rod-Ietiil*  in  the  proportion  of  2o  to  30  for  coating  the  some  (^xtcni 
of  surfeit'CL 

^"arportiT"**'     Tho  yellow-coloured  6ult»  gtmcmlly  known  tia  yellow  prusaiato  of 

otas3a  (ferrocyanido  of  potiissium,  K^Fol^yc-l- jlIiO),  is,  in  a  teclimc^U  point  of 

'  view,  a  verj*  important  substanw.     It  cry>5Uilli©<3S  in  lar^»  lemon -otdoured  prismatic 

crystiils,  which  are  not  nJToi^tnd  by  oxpostiro  to  air,  nro  not  puisonons,  and  poss^ws 

»  swoetiBh  bitter  taste,     Tliis  sitlt  is  tmhiblo  in  4  purt^j  of  cold  iitul  2  of  boiling 

rater,  but  is  insoluble  in  ukuliol;  in  100  parts  therr  rin* : — 

37*oi  Fotiiasium, 
17*04  Curbon,      i  ^ 
,9-89  Nitrogen.  jt>-««ogoa. 
13-25  Iron, 

1279  Water. 

h t  fi!^ jl^^Oiliiy li  4rivea  off.  The  etdt  is  prepared  on  a  large  scalo  by  igniting 
6U0K  niiEm^Kft  ^^«*4«»tKi  nitrogon  to  a  rod  heat  with  iK^tiLssa-carltonate  in  eloHed 
resdcla.  Tho  quantities  of  tho  mat^jriuls  may  \m  varied,  the  relative  proportions 
being  given  by  some  makers  as  100  parts  of  potassa-carbonate  to  75  of  the  nitro- 
genous carbon,  or,  according  to  Bun^o,  100  parts  of  carlMDnato  of  potassa,  400  of 
calcined  hGm»  and  10  parts  of  iron -filings. 

The  fUsion  of  these  ingredients  is  carrietl  on  either  in  dosed  iron  T©s»ola  of  & 
■  elmpe,  or  in  a  revorbemtory  furnaeo.    The  iron-vesaol,  a,  tormtnl  a  muffle 

Fio.  16,  Flo.  17. 


L™^ 


(Fig.  16)  is  a^^g  or  pear-shapc<l,  having  a  diameter  of  i'^  metres,  a  width  of  o"H  metre, 

^^d varying  from  1 2  to  15  centinjs.  in  tliieknt\*«.  As  shown  in  tho  woodcut,  the  iron 

el  is  placed  in  the  fiirnace  in  such  a  manner  as  to  l>o  exposed  to  tho  action  of  the 

ame  and  Hot  gases  on  all  sidea,  boin«^  aupport«4  at  tho  back  by  a  projection  about  27 

entim«.  long,  and  resting  nig  on  tho  brickwork,  leaving  space  sufficiont  for  tho  gases 

[i«!Tatod  in  the  interior  to  pass  off  by  c  into  the  chimney-flues  ;  in  is  an  iron  cover 

rhich  is  closed  duiing  the  operation  of  melting,  g  being  an  opening  in  tho  front  wnll 

of  the  fdrnace,  through  which  tho  ingredients  are  put  into  the  iron  vessel,  and  \h^ 

•  The  original  is  in  Dutdi,  and  the  work  has  not  been  translated  into  any  other  lauguagOr 
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inoltL'ii  mass  taken  out.  TJio  shallow  pan,  i*,  on  the  top  of  the  fiirnaoe,  ia  intonded 
for  the  ovaporatioa  of  the  liquor  obtained  hy  treating  the  ipolten  maas  with  waUsr, 
The  uso  of  the  iron  vessel,  howevor,  is  attended  with  the  serious  drawback  that  the 
iron  is  eaten  into  holes  iu  a  comparatively  short  space  of  time ;  and,  though  this 
action  is  gi^tttost  on  the  lower  part  of  the  vessel,  and  it  may  ther(?fore  be  turned 
bottom  upwards,  uud  tbii  holes  stopped  with  fire-cky,  the  vossol  has  soon  to  bo 
niplacod  by  another.  It  is  on  this  acc4^junt,  mid  also  owing  to  the  fact  that  a  larger 
qmintity  of  raw  matenal  can  be  oporatod  upon  at  once,  that  instead  of  the  appamtua 
descnbed  above,  there  has  como  mUi  geneml  usij  a  rerorberatory  furnace,  Fig.  17, 
arrangCHl  with  a  shallow  cast-iron  pan,  a,  &om  i  to  i*8  metre  in  diameter^  with  a  rim 
about  I  decim.  high ;  h  is  the  fire-placo  ;  g  tho  bridge ;  c  a  lluo  leading  to  the 
L'hinmey,  t,  Sometimes  the  hot  air  ia  applied  to  the  heating  of  evaporating-pans, 
being  curried  under  thorn  before  entering  the  chimney.  Tho  result  of  the  ignition 
is  the  formp.tion  of  a  black  mass,  technically  called  the  metal,  yielding  the  Equor 
from  whiph  tho  crude  salt  crystalhses.  The  salt  is  purified  by  re -crystallisation, 
while  the  black  residue  is  employed  as  a  manure. 

The  ihec^Ty  of  the  formation  of   the  ferrocyanide  of  potajisium  ia  as  follows : — The 
carboiuite  and  sulphate  of  potiissa,  tVie  iiitroptnous  cool  and  the  iron  reacting  upon  eaoh 
other,  give  rise  to  the  formation   iirst  of   sulphuret  of   poiassiuiKi,  which  m   its  turn 
i^onverts  the  iron  into  gulphnret,  while  tho  nitrogen  contjiined  iu  the  charcoal  miitea, 
under  the  influence  of  potashiiuii*  with  the  cyanogen  of  the  cnrb<in,  which  again  in  its  turn 
f^wnbines  with  the  potateaimn,  ginntf  rise  to  the  formation  of  cyanide  of  pota^um.    Wlicn 
the  fused  ma^s  is  treated  with  water,  cjTinide  of  potaK^^inm  and  sulphuret  of  iron  decom* 
jK>6e  each  other,  the  result  being  the  formation  of  ferrocTanidn  and  sulphide  of  potassium, 
the  last-named  salt  remaining  En  the  mother-liquor*     M,  E,  Meyer  statea  (1868)  tliat  it  is 
more  advantageous  to  employ,  instead  of  the  «ulphuret  of  iron,  the  carbonate  of  thafei 
inetal,  for  the  purpose  of  converting  cyanogen  into  ferrocyanogtfu,  betmiisc   the  ferro^ 
cyanide  of  potostfituii  crywtaUises  far  more  ctunpktely  and  freely  from  solutions  not  con- 
taming  any  aidphurct  of  ptjtasAiam.     rrofc«?*or  Dr.  von  Liebig  has  since  proved  tiiat  the 
f fu»ed  mass  only  contains  cyanide  of  potassimn  and  metallic  iron,  and  not  any  ferrocyauids  1 
of  potassium,  which  U  only  formed  by  treating  the  molten  muss  with  water,  or  mar 
slowly  by  its  exposure  to  moist  air.     Amon^  the  materials  frtK|uently  added  to  the  fusinj 
iiiau  are — Mraps  of  metal,  the  ref iise  of  leather,  dried  blood  and  other  dry  animal  oifal|J 
beoftuse  the  ammonia  evolved  by  their  decomposition  in  tlie  presence  of  an  alkali  aids  thai 
formation  of  cyanide  of  potassium.     According  to  M.  P.  Havrez,  the  crude  sttiut  olitaineilj 
from  wixd  is  an  excellent  material  lor  the  preparation  of  ferrooyanido  of  potassium,  sinoel 
100  kilos,  of  the  suint  contain  about  40  kilos,  of  carbonate  of  potassa,  from  i  to  2  kiloSkJ 
id  cyanide  oi  potntisium,  and  about  50  kilos,  of  combustihle  hydroearhouS|,  the  beatiDfl 
value  of  which  i»  at  least  ec|ual  to  that  of  40  kilos,  of  coaL         . 

It  ban  been  tried  to  obtain  the  cyanide  of  potassium  oa  a  larg«  ^ale,  by  oausiii^ 
ciurrent  of   iiiumoniacal  gna  U)  pass  throuj^h  and  over  carbonate  of  potassa  heatca  t 
rLHlni^ie ;  and  idsfj  to  obtain  cyanide  of  potasdium  from,  or  by  aid  of,  the  nitrogea  of  1 " 
atmosphere*    Tliis  prrn'oss  wn»  tried  nearly  40  years  ago  at  Sir.  Bramwell's  works  n 
Newca**tle-on-TjTie,  but  wa»  found  tc»  \h}  a  liiilurt?  commepciaHy.    The  rt*adcT  interested  is 
a  detiiUcd  account  of  this  procofL^  may  find  it  in  the  excellently- written  chapter  on 
Trtauufacture  of  the  pniaMiates,  iu  Iiiehjir*Uoii  and  Watty's  **  Cherniad  Technolog^^"    As  it 
has  been  proved  by  experimcut  fhut  barvta,  far  more  readily  than  potassui,  converts  carbozt] 
and  nitnjR-cQ  into  cyaQf>«^'n,  fonnin^'-  cyanide  of  barium  at  a  lower  temperature,  barytM 
mij^ht  pcrhapfl  l»c  «nbfltitutt?d  for  pot^Wha,  but  as  yet  this  plan  is  not  carrie^il  out  commeiViJ 
eiftUy.     Acconling'  t4j  titilis  (1861),  the  yellow  prusaiate  may  be  prcfparc'd  by  tho  mutual] 
rfaction  of  wulphidc  of  carixinand  sulphide  of  ammonium,  the  n-^suitin^:  riulphocarlKimito 
being  c<jn verted  into  sulphocyanide  ot  puta^sium  liy  means  of  sulphuret  of  potassium,  by 
which  reaction  sulphuret  of  ammotiiuni  and  sulphuretted  hydnt:»>rcn  arc  volatilis«^.    The 
»«nlphofyanido  of  potassium  is  hext  converted  mt«  ferrix^yanido  of  |K>taaaium  bv  lH.insf_ 
heuti-d  with  metallic  iron  to  redueHS,  sulphuret  of  iron  Ix^iug  at  tho  same  time  ^ontie<£| 
It  is  o>id£«nt  that  this  proce«*5  could  not  be  carried  out  cnuimcrcially,     Mr.  H.   FJeek 
'leHcrib«>f3,  in  1S63,  a  plan  for  preparing  the  ftrrocyanidc  by  the  action  of  a  miJctore  C"f 
snlphiVto  of  ammonia,  sulphur,  and  cat  lion,  u{)on  fusing  sulphide  of  potasaium,  whitJi 
Urns  becomes  solphocyanule  of  potastMimu,  one-half  of  tlie  nitTogcn  01  the  sulphate  o* 
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anuuonia  lexnaining  in  the  fused  metal  as  cyanogen,  while  the  other  half  cscapoa  as  sul- 
phide of  ammonium,  which  is  aguin  converted  into  sulphate  of  ammonia.  The  sulpho- 
cyanide  of  potassium  produced  is  treated  with  metallic  iron  at  a  red-heat,  and  thus 
cyanide  of  potassium  and  sulphide  of  iron  are  produced.  This  process  is  also  too  cumbrous 
and  expemdve  on  a  large  scale. 

AppiieAtioiu  of  uie  This  salt  is  employed  in  the  manufacture  of  the  red-cyanide  or  prussiate, 
feuow  PnuBiate.  j^  the  preparation  of  BerUn  blue,  and  of  cyanide  of  potassium  (the  impure 
salt  as  met  with  in  commerce),  in  dyeing  and  calico-printing  for  the  production  of  blue  and 
brown-red  colours,  for  the  purpose  of  surface-hardening  small  iron  articles,  and  lastly  as 
an  ingredient  of  white  gunpowder,  and  for  use  in  chemical  laboratories. 

Bad  TraacUte.     The  80-called    rod  prussiato  of   potassa,   properly  ferricyanido    of 

potasfflum,  or  Gmelin's  salt,  K3FeCy,  is  prepared  on  a  large  scale  and  extensively 

used  in  dyeing  and  calico-printing.     This  salt  crystallises  in  prismatically-shaped 

ruby-red-coloured,  anhydrous  crystals,  which  consist  in  loo  parts  of: — 

35*58  Potassium, 

21*63  Carbon,      1  ^ 

25-54  Nitrogen,  j  Cyanogen, 

17*29  Iron. 
It  is  prepared  by  submitting  either  the  solution  of  the  yellow  prussiato  or  that 
salt  in  powder  to  the  action  of  chlorine  gas  until  a  sample,  when  heated,  yields 
no  precipitate  with  a  solution  of  a  por-salt  of  iron.     "When  the  dry  and  pulverised 
yellow  prussiate  is  acted  upon  by  chlorine  gas,  the  salt  is  frequently  placed  in  casks, 
closed  so  as  only  to  leave  a  small  outlet,  while  the  vessel  can  be  made,  by  moans 
of  machinery,  to  turn  slowly  on  its  axis,  so  as  to  bring  all  the  particles  of  the 
salt  into  contact  with  the  chlorine.     Sometimes,  again,  the  pulverised  yellow  prus 
siateis  placed  on  trays  in  a  chamber,  into  the  top  of  which  chlorine  gas  is  admitted ; 
when  no  moi-o  chlorine  is  absorbed  the  newly-formed  salt  is,  if  a  solution  of  the 
yellow  prussiate  has  been  operated  upon,  evaporated  to  diyness,  or  in  the  case  where 
the  dry  powder  of  the  salt  has  been  taken,  the  newly-formed  salt  is  dissolved  in  the 
smallest  possible  quantity  of  water,  and  the  solution  loft  to  crystallise,  the  mother- 
liquor  containing  chloride  of  potassium.     This  reaction  is  represented  by — 
K4FeCy6  -f  CI  =  KCl  +  KgFeCy. 
Yellow  prus^te.  Red  prussiato. 

The  powdered  red  prussiate  is  of  an  orange-yellow  colour.      According  to 

M.  E.  Beichardt  (1869)  bromine  may  be  successfully  employed  instead  of  chlorine 

for  the  preparation  of  this  salt,  which  is  chiefly  used  for  dyeing  wollen  fabrics  blue, 

and,  with  solutions  of  caustic  soda  or  potassa,  for  the  Mercerising  process  of  cotton. 

cjanidvof  PotaMium.  This  Salt  is  obtained  in  an  impure  state — Liebig's  or  crude  cyanide  of 
potassium — by  the  fusion  of  the  yellow  prussiate  of  potassa  in  a  porcelain  crucible,  con- 
tinned  as  long  as  nitrogen  escapes.  Carburet  of  iron  sinks  to  the  bottom  of  the  crucible, 
while  the  crude  cyanide  is  poured  off  in  a  state  of  fusion ;  10  parts  of  the  yellow  prussiate 
of  potassium  yield  7  parts  of  crude  cyanide,  (K^FeCy^  :=  4KCy  -\-  FeC  -\-  2N) .  According 
to  liebig^s  plan,  the  cyanide  of  potaissium  is  prepait?d  by  fusing  i  molecule  of  ferrocyanide 
of  potassium  with  i  molecule  of  carbonate  of  potassa ;  by  this  method  10  parts  of  the 
ferrocvanide,  yielding  8*8  cyanide  of  potasidum,  mixed  with  2*2  parts  cyanite  of  potassa. 
For  all  technical  and  industrial  purposes  it  is  far  cheaper  to  use  cyansalt,  a  mixture  of 
the  cyanides  of  potassium  and  sodiimi,  prepared  by  fusing  together  8  parts  of  previously 
dried  ^anhydrous)  ferrocyanide  of  potassium  and  2  ptuis  of  caibouate  of  soda.  Aa 
this  mixture  fuses  readily,  the  carburet  of  iron  easily  separates ;  moreover,  the  salt  thus 
obtained  is  less  liable  to  decomposition  on  exposure  to  air,  and  its  preparation  requires 
less  heat.  The  industrial  applications  of  the  crude  cyanide  of  potassium,  or  of  the  cyan- 
salt,  are  the  following :— In  the  process  of  electro-gilding,  for  the  preparation  of  Or^at 
mUibkf  iBopiupiirate  of  potassa,  from  picric  acid,  and  in  the  reduction  of  metals.    It 
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Ku  been  mentioned,  while  treating  of  tin?  blasUfunmoo  process,  thftt  03rAmde  of  poti 
is  formed  during  the  reduction  of  irtm, 

iierttit'Dtor.  Ihis  subytuncc,  bo  named  when  it  Wius  accidentally  discoTcred  at  Beilin » 
in  1710,  by  Diesbacb,  is  chemically  a  forrotyaiiide  of  iron,  more  correctly  ferrous- 
ferric  cjyanid©.  A  distinct  vari<?ty  of  tliis  eubstanco  is  known  as  Paris-blue.  Threo 
different  kinds  of  Berlin-bluo  are  known,  viz.,  neutral,  basic,  and  a  mixture  of  the 
two,  tiifforing  in  compoaitiou  and  prepared  by  dilferent  processes, 

(a).  Neutral  Bc^rlin-Llue,  also  knoTi-Ti  as  Paris-blue,  is  obtained  by  pouring^  a  solution  of 
yellow  prussiate  into  a  s^jlution  of  ehlaride  of  in>n,  or  into  a  soluti^ui  nf  a  pcnixide  gait  of| 
iron  \  the  result  ia  the  fommtiou  of  a  liirgn?  quuntity  of  a  mugnilieently  blue-coloured  pre- 
cipitate, rcry  difficult  to  waalj  out  and  ulways  retaining'  a  certain  quantity  of  the  yellow 
pru^atcs  which  cannot  be  removal  by  washinjf. 

{b).  Basic  Berlin -blue  is  obtained  by  prtcipitattnq*  a  dilution  of  yellow  pruadAto  with 
solution  of  a  wdt  of  protctxidt?  of  iron  (green  coi>i>eraMj,  the  rexidt  Winy  ftt  flnt  thfi  fonn 
tiou  of  a  white  precipitate  of  protooyanide  of  iron,  which,  either  hy  exposure  to  air,  or  1 
the  action  of  oxidising  BulfstanecH,  btcomea  blue  ;  becauiie  a  portion  of  the  iron  is  oxidifiL 
and  another  portion  tiike^  up  the  cyanog-en  thus  liliei-a ted,  eouvrrtiug-  mnw  of  the  pro\o^ 
joyanide  inti>  pereyanide,  which  in  its  turn  combines  with  tlie  luiattaeked  protocyaaide  to 
form  Berlin-blue,  with  which,  however,  soTue  jx*r«jxide  of  iron  remains  mixed.  It  iiS  stated 
that  basic  Berlin-blue  is  distin^ished  from  neutral  Ikrlin-blue  by  Ik  in;?  soluble  in  water; 
but  this  Rolubihty  ia  due  to  the  presence  of  Bome  of  the  yellow  jjniHHiate,  and  ia  not  a 
property  inherent  in  tlic  basie  Berlin-blue  in  a  x*urc  4»tate, 

(r).  Afl  i^G  materijiLs  employed  on  a  large  urale  are  neither  pure  protoxide  nor  pure 
peroxide  ealta  of  iron,  but  a  peroxide  containing  protosalt  of  iron,  the  preeipitato  obtiiineti 
OOCifiista  at  firat  of  a  mixture  of  neutral  Berlin-blue  with  more  or  lei*s  of  the  white  proto- 
cyanide  of  iron,  which  nft^erwards  becomcB  bagic  Berlin-blue  ;  accordingly  the  Berlin-blue 
of  commerce  is  a  variable  mixture  of  neutral  and  basic  Berlin-blues.  The  iron  salt 
eniploytHi  if*  green  eoppertas  (stdpbrite  of  iirotoxido  of  iron),  which  of  course  plnnild  not 
contain  any  appreciable  am(»unt  of  copper,  the  ealt*  of  thia  metal,  aa  is  weil  kuowii, 
yiehlinff  with  yellow  pnifttiiate  of  potasta  a  cliocola t^i'-bro wn  coloured  precipitate. 

o]d  Methi^  of  rn-i»ariti0     Th**  liuljihato  of  iron  and  alum  are  dissolved  togcrther  in  boiling 
lYuntftn-Hiur.        ^ijji  Qp  rivcT- water;  the  fluid^  while  yet  hot,  ia  decanted  from  any  J 
sediment  and  forthwiQi  poured  into  a  hot  aqueoua  solution  of  yellow  prussiate,  care  bein^l 
taken  to  ^tir  the  mixture,  and  to  add  the  eopixrns  and  nbim-w^)lution  as  long  as  any  precU 
pitate  is  formed.     The  liquor  is  run  off,  niid  the  pmipititte  wnshwi  with  fretdi  water,  until 
nil  the  sulphate  of  pota^aa  is  removed ;  after  wliieh  the  pre  4ipitate  is  drained  on  filtcpfl 
made  of  coarse  canvas.     This  ha\ing  been  aecomplished  ihQ  substance  i»  fruapended  in 
water  in  a  lioilor,  and,  while  being  heated  to  the  boiling-point,  nitric  acid  is  added ;  after 
a  few  minuteB'   lK>iling,  the  eontentM  of  the  btiiler  are  pouR^d  into  o  hirge  wooden  tub  oe^ 
cask,  and  Btron;]^  ftulphurl;:  acid  U  additb     The  wrJution  is  now  allowed  to  stand  for  eoinal 
time,  during  wliich  the  blue  colour  fully  develope*^    The  Berlin-bluo  h  then  thorougldyJ 
washed  with  water,  tirained  on  coarse  canvas  Atera,  next  drkd,  preseecl,  and  cut  intol 
oakea ;  finidly  it  m  dried  in  rooms  heated  to  80'.     As  Berlin -blue,  wnen  once  quit*  dry,  14 
tednoed  to  powder  with  gn^at  difficidty,  and  cannot  be  brought  to  the  state  of  fine  {liviaiou 
aa  when,  first  prt^ipitate*!,  it  i^  also  sent  into  th^  nifirket  in  tho  state  of  paste.     Tlie 
aliunina  derived  from  the  ahim  is  bo  intin       '  '      ;(h  the  blue  that  the  bulk  of  the  1 

maefl  is  thereby  inereai-ed  without  any  >  SeiTaF.e  in  the  iuteiisiry  of  thai 

(Tolonr,     If  the  quantity  of  aluiuinn  i«  vei; lU  the  colour,  <i  coui-^e,  WMnneal 

much  lighter,  and  tliis  variety  of  Berlin-blue  i^  then  known  as  mineral-bhie  ;  a  name  al4(k1 
given  to  a  prcpB  ration  of  co})}i€T  obtained  either  fTonj  the  native  hydra  ted  carlxmate  of  J 
copper,  or  artificially  prepared  by  precipitating  nitrate  or  diloride  of  copper  by  means  oi 
limtr  and  chalk. 

Urrrnt  Method!  4f       Amoug  the  impro%'ement«*  made  more  recently,  we  in    ^       *'     nrrtiool 
rwiMifkHF  Ik  tan- J  iiur.  |}„.  fnllowing:' I.  Tlie  mixing  of  the  wjlutions  of  coj  dun 

with  that  of  yellow  prunwitiMM  effec^nl  as  above  de><  rilx'd,  but  ^reat  i^  :   l«u  to" 

iirtivent  any  oxidation  of  the  white  prt^eipitate,  which  is  converted  mto  an  intense  blue  by 
biding  trc!att*d  with  nitro-hydrocblorie  acid,  the  chlorine  evolved  ser\T:ng  as  an  oxidising 
agfnt.  Tho  rtmaining  op*>rations,  viz.,  wawliing,  drj'ing,  Jfec,,  are  performeil  as  in  tho 
former  metliodiv.  2.  Perchloride  of  iron  swjlution  is  employcil  for  the  purpose  of  converting 
Iha  white  precipitate  into  blue,  wMlo  tho  protochloride  of  iron  thus  ft^rmed  serves  at  a 
rolmxpient  operation  instead  of  protc»sulphato  of  iron*  3.  In  wime  eases  penhloride  of 
maiiptfieae  (Mn,L'lJ,  is  applied;  likewise  a  solution  of  cbromie  ocid,  a  mixture  of 
Uohivoiata  of  jM^taua  and  aulphimc  acid  \  but  it  b  self-evident  that  tho  appUoation  df 
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uij  of  these  improyements  is  dependent  as  regards  success  in  a  commercial  point  of  \\ewy 
upon  local  conditions,  and  upon  the  possibility  of  adyantagoously  obtaining  the  various 
ingrredients.  • 

Turnboii'i-BiDe.  By  mixing  together  a  solution  of  red  prussiate  and  of  protosulphate  of 
iron  in  such  prox)ortion8  as  to  prevent  the  entire  saturation  of  the  former  salt,  thei^e  is 
obtained  a  blue-coloured  precipitate  known  in  commerce  as  Tumbull's-blue,  consisting  of 
Fe,Cy3,3FeCy,  but  also  containing  some  chemically-combined  yeUow  prussiate.      MM. 

Beriia-BitM  m  a  By-  Mallett  and  Gauticr-Bouchard  have  proved  experimentally  that  Berlin- 
Prodoctoftiie        blue  may  be  obtained  as  a  by-product  of  coal-gas  manufacture  from  the 
cS£.GMi!nd        ammoniacal  liquor  from  the  spent  lime  of  the  pimiiers,  and  from  Laming' h 
AainuiCborcoaU     purifying  mixture.     The  spent  lime  contains,  in  addition  to  the  cyanides 
of  calcium  and  ammonium,  a  good  deal  of  free  ammonia,  mechanically  absorbed  in  the 
moist  lime.    Free  ammonia  is  first  removed  by  forcing  steam  through  the  lime,  and  col- 
lecting the  ammoniacal  gas  in  dilute  sulphuric  acid.     The  lime  is  next  washed  with  water, 
and  the  liquor  obtained,  containing  the  cyanogen  compounds,  is  employed  for  the  manu- 
facture of  Berlin-blue.    According  to  M.  KraflFt's  expcrimontfl,  locx)  kilos,  of  spent  gas- 
lime  yield,  when  treated  as  described,  fn>ra  12  to  15  lalos.  of  Berlin-blue,  and  from  15  to 
20  kilos,  of  sulphate  of  ammonia.     Mr.  Phipson  states  that  i  ton  of  Newcastle  gas-coal 
yields  a  quantity  of  cyanogen  which  corresjKmds  to  from  5  to  8  lbs.  of  Berlin-blue.     The 
manufacture  of  animal-charcoal  also  yields,  if  desired,  Berlin-blue  as  a  by-product. 

sninbie  Beriin-mae.  As  Ordinary  Berlin-blue  is  quite  insoluble  in  water,  and  the  basic 
variety  only  soluble  in  the  presence  of  ferrocyanido  of  potassium,  these  pigments  are  only 
fit  for  use  as  paints,  and  the  discovery  of  the  solubility  of  pure  Berlin-blue  in  oxalic  acid 
is  of  some  importcince,  for  thereby  its  application  as  a  water-colour  becomes  possible. 
This  soluble  blue  is  obtained  by  digesting  the  Berlin-blue  of  commerce  for  i  to  2  days, 
with  either  strong  hydrochloric  acid  or  i\4th  strong  sulphuric  acid,  which  latter,  after 
having  been  mixed  with  the  Berlin-blue  previously  pulverised,  is  diluted  with  its  o^^-n  bulk 
of  water.  The  acid  is  next  decantetl  from  the  sediment  of  blue,  and  the  latter  thorouglily 
washed  and  dried,  and  then  dissolved  in  oxalic  acid,  the  best  proportions  being  8  parts  of 
Berlin-blue,  treated  as  just  mentioned,  i  part  of  oxalic  acid,  and  256  of  water.  According 
to  other  directions,  Berlin-blue  readily  soluble  in  water  can  bo  obtained:  —  i.  By  the 
precipitation  of  protoiodide  of  iron  with  yellow  prussiate  of  i^tassa,  care  being  taken  t<» 
keep  the  latter  in  excess.  2.  By  mixing  a  solution  of  perchloride  of  iron  in  alcoholic 
ether  {tinctura  ferric hloraii  athcrca,  Ph.  Kuss.)  with  an  aqueous  solution  of  yellow 
prussiate. 

Pure  Berlin-blue  is  of  a  very  deep  blue  colour,  with  a  cupreous  gloss ;  it  is  insoluble  in 
water  and  alcohol,  is  decomposed  by  alkalies,  concentrated  acids,  and  by  heat.  The 
lighter  and  more  spongy  it  is,  the  better  is  its  quality ;  it  is  employed  as  a  pigment  and  in 
dyeing  and  calico-printing,  but  in  the  two  latter  instances,  pigment-printing  excepted,  it 
is  obtained  on  the  tissues  by  a  circuitous  process.  The  Berlin-blue  of  commerce  is  fre- 
quently adulterated  with  alumina,  pipe-clay,  kaolin,  magnesia,  heavy-spar,  and,  according 
to  Pom,  even  with  starch-paste  coloured  blue  by  means  of  tincture  of  iodine. 

Cobalt. 

(Co  =  59;  Sp.gr.  =  87). 
xetaioe  Oooait.  This  motal  is  found  native  as  cobalt-spciss  (CoAsa),  containing  from 
3  to  24  per  cent,  of  cobivlt,  and  from  o  to  35  per  cent,  of  nickel;  also  as  cobalt-glanco, 
bright  white  cobalt  (CoAsS),  containing  from  30  to  34  per  cent,  of  cobalt.  Cobalt  is 
proparodon  a  large  sculo  as  a  metal  at  Iserlohn,  and  at  Pfanncnstiel,  near  Aue,  in 
Germany.  Metallic  cobalt  exhibits  a  steel-grey  colour,  somewhat  verging  upon  red, 
a  strong  metallic  lustre,  assumes  a  brilliant  polish,  is  malleable  and  ductile,  and  far 
tougher  than  iron.  It  requires  a  very  high  temperature  for  fusion,  is  only  slowly 
acted  upon  by  dilute  acids,  but  readily  dissolved  by  nitric  acid  and  aqua  regia. 
cbbait  coioan.  The  orcs  intended  for  the  manufacture  of  the  cobalt  colours  are  roasted 
for  the  doable  purpose  of  volatilising  the  sulphur  and  arsenic  they  contain,  and  for 
eflTecting  the  oxidation  of  the  cobalt.  After  roasting,  the  ores  are  known  as  Zaffer  01 
Saphera.  According  to  the  degree  of  purity,  the  trade  distinguishes  the  ores  as 
"common,"  "medium,"  and  "very  fine;"  thoy  contain  essentially  a  mixture  of 
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prfito-pcroiido  of  cobalt,  arsenic,  nickel,  and  traces  of  the  oxides  of  manganeee  an 
biflmuth,  and  are  used  in  the  prepamtion  of  cobalt- colonrs.  In  Sweden  **  zaffers'*' 
are  prepared  by  precipitating  a  solution  of  sulphate  of  protoxido  of  cobalt  .with  q 
Bolution  of  carbonate  of  potassa.  Zaffer  is  used  for  the  manufacture  of  smalt, 
cobalt,  ultramarine, — a  misnomer,  for  evidontly  ultramarine  ia  contmcted  from 
uUra^mare,  because  the  lapis  lazuli  was  bruuj^ht  aci'uK«i  tlie  seas  from  India — C'lom- 
leum,  Einnman*8 -green  (cobalt -green  or  Saxouy-greeu),  and  olso  cobalt- j'uUoWj 
cobalt-violet,  and  cobalt-bronze. 

gmiit.  Compoan(is  of  cobtilt  have  the  property  of  irapjirtiiig  li  blue  colour  to  gla$iajp 
substances  at  a  red  heat ;  when,  tJierefore,  impure  protoxide  of  eobolt  is  fused  with  »\\iA 
iitid  carbonate  of  potasga,  th«  result  ia  the  forum  tioii  of  an  intensely  blue^ooloured  glaai^^ 
which  when  pulycrieed  is  known  vm  amstt.  This  substimce  was  diaooTered  and  first  pre- 
pared by  tho  Bohemian  gloss-blower^  C.  SchUrer,  who  lived  in  the  sixteenth  ccntu^3^ 
Smalt  is  now  prepared  by  melting  the  roasted  cobalt  oren  with  quartzose  sand  and  x>otat}h, 
in  cruciltk-L-*  plaecHi  in  a  gla&s-fumace.  The  rod-hot  glow  prf^diued  is  queiichcnl  in  cold 
water  to  render  it  brittle.  It  is  next  ptdvcri^ed  and  »ooiired  with  water,  by  which  opera- 
tion smaltfl  are  obtained  of  different  degrees  of  ilneness,  not  simply  as  regards  minute  state 
of  diTiflion,  but  alao  depth  of  colour,  all  of  wMch  Tarieties  abroad— where  to  a  limited 
extent  the  amalt  is  still  uned  though  it  is  almost  entirely  superseded  by  artificially-made 
uttramaiine — bear  distinctive  namea.  It  has  been  proved  experimentally  that  the  colouring- 
ntatter  of  smalt  is  potaasio-silicate  of  protoxide  of  coljult,  in  which  the  j»rojK)rtion  of  tho 
oxygen  of  the  acid  to  tl>at  of  the  base  is  as  6:  l»  Aoeoixiiug  to  M.  Ludwig,  loo  parts  of 
the  undermentioned  cubult  eolgurs  contain : — 

Norwegiftn  Smalu  German  Smalt. 


Snica  ..  ..  . 
Protoxide  of  cobalt 
Fotaasa  and  ioda  , 
AluTnina  .,     .% 


Termed 
high  EsolicL 
66-20 

675 
16-31 
S-64 


Coarse  imd 

pale  coloured. 

72*11 

"'95 

1  So 

20*04 


High  colour, 

70'S6 

6  49 

21-41 

043 

These  tulMtsnoeii,  moreover^  contain  small  quantities  of  protoxide  of  iron,  lime,  pri>t- 
oxide  of  niokd,  arsenic  acid,  carbonic  acid,  water,  and  oxides  of  lead  and  iron,  Br,  Oude- 
mans  lately  analysed  a  b<iutifully  ultramarine-coloured  sample  of  smalt,  which  was 
found  to  contain  57  per  cent,  of  pr<>toxide  of  cobalt.  As  eoljult-gla.%s  obtained  with  sodn 
is  never  of  a  pure  colour,  that  alkali  cannot  replace  potassa  in  the  manufai'ture  of  smalt. 
Since  the  roasting  of  tho  cobalt  ores  is  not  cuntinued  loug  enough  tfj  oxidlw  the  nickel 
otintiiined  in  them,  that  and  scime  other  metals  present  fuse  durinj^r  the  preparutiou  of  tht* 
tomalt,  and,  settling  to  the  b<.>ttom  of  the  crucible,  form  an  alloy  termed  Cob&ll-sjjeiiih. 
Ci«taut  sp«iia.  This  eubstance  is  of  a  rcddijah- white  hue,  has  a  strong  metallic  lustre,  is  fine- 
grained in  structure,  and  contains  on  an  average  from  40  to  56  jxr  cent,  nickel,  26  U>  44 
per  cent,  arsenic,  as  well  as  copper,  iron,  btsmnth,  sulphur,  &c.  Dr.  Wagner  found  that 
^  1870)  a  sample  of  this  alloy  from  a  Saxon  mine  contained  in  100  parts  :— 

Nickel 4S'20 

Cobalt 1-63 

Bismuth 2-44 

Iron  . .  , ,       o^ds 

Copper  ,       1-93 

Arsenic  42-08 

Sulphur   . .      , .  3-07 


i 


The  material  is  chiefly  a^«d  for  tho  preparation  of  nickel 
AnOlmtkntor      Smalt  is  »tilt  enq>Ioyrd  in  washing  and  dressing  blue,  and  for  imparting 
**•**-        a  blue  tint  to  paper.    It  is  not,  howffTcr,  very  suitable  for  this  purpose,  m*, 
on  Bcoonnt  of  its  hardneas,  it  ftoon  dentroys  the  iiointji  of  writing  peus«    Smalt  is  more 
nxtcnsiTely  u«ed  for  blue-enameUlDg  glas^,  poivelatn,  and  earthenware. 

o«Mtt  irittMwite»<  This  subtitancc,  also  known  as  Tlienard's  blue,  ii  a  pigment  f.onsisting 
of  Alumina  and  protoidde  ol  cobalt.  Curioiisly  enough  this  pigiucnt  has  been  discovered 
tnd  prepared  at  throe  several  periods  and  localities  by  different  people ;  first,  by  Wcmse), 
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at  Freiberg,  Saxony ;  next  by  G«hn,  at  Fabian,  Sweden ;  and  lastly,  simultaneously  at 
Parii  and  Vienna,  by  Th^nard  and  Von  Leitbener.  The  pigment  ia  prepared  either  by 
mixing  solutions  of  alum  and  a  salt  of  protoxide  of  cobalt,  precipitating  the  mixture  by  a 
solution  of  carbonate  of  soda ;  or  by  the  decomposition  of  aluminate  of  soda  by  means  of 
chloride  of  cobalt.  The  ensuing  precipitate,  consisting  of  an  intimate  mixture  of  hydrate 
of  alumina  and  hydrate  of  protoxide  of  cobalt,  is  first  well  washed,  then  dried  and  heated 
for  some  time.  The  pigment  thus  produced  is,  when  seen  in  daylight,  of  course  after  pul- 
verisation, very  similar  to  ultramarine,  but  by  artificial  light  its  colour  is  a  dirty  violet.  It 
is,  however,  not  acted  upon  by  acids,  as  distinguished  from  artificial  ultramarine ;  neither 
is  it  afifidcted  by  alkalies  nor  heat,  a<3  is  copper  or  mineral  blue.  Cobalt-ultramarine, 
chiefly  nnder  the  denomination  of  Thenard's  blue,  is  emj^loyed  ad  a  paint  in  oil-  and  water- 
colours,  and  also  for  staining  glass  and  porcalain. 

cvruieum.  Is  a  pigment  prepared  in  England,  exhibiting  a  bright  blue  colour,  not 
changing  in  artificial  light,  and  consisting  of  staimate  of  protoxide  of  cobalt  (Sn02,CoO}, 
mixed  with  stannic  acid  and  j^ypsimi  in  the  proportions,  in  loo  parts,  of  49-6  of  oxide  of 
tin,  1 8*6  protoxide  of  cobalt,  31-8  gypsum.  This  pigment  ia  not  affected  by  heat,  or  the 
action  of  dilute  acids  and  alkalies ;  nitric  acid  dissolves  the  proxtoxide  of  cobalt,  leaving 
the  other  ingredients,  from  which  the  gypsum  may  bo  cleared  by  water. 
Hinmann'*  or  This  substance,  also  known  as  cobalt-green,  zinc-green,  and  Saxony-green, 
Cubait-oreco.  jg  a  Compound  similar  to  the  cobalt-ultramarine,  for  the  alumina  of  which 
oxide  of  zinc  is  substituted.  This  green  is  prepared  by  mixing  a  solution  of  white  vitriol 
with  a  solution  of  a  salt  of  protoxide  of  cobalt,  precipitating  by  carbonate  of  soda,  and 
washing,  drjring,  and  heating  the  precipitate.  This  pigment  wlicn  pure  contains  88  per 
c«nt.  of  oxide  of  zinc  and  12  per  cent,  of  protoxide  of  cobalt.  It  is  not  affected  by  strong 
heat,  tinges  the  borax-bead  blue,  dissolves  in  warm  hydrochloric  acid,  forming  a  blue 
colour,  which,  upon  water  being  added,  becomes  a  pale  red.  Treated  with  caustic  potassa, 
the  oxide  of  zinc  is  dissolved,  and  may  be  detected,  after  previous  dilution  with  water,  by 
the  addition  of  a  bolution  of  sulphurct  of  potassiimi. 

Ch«n«cany  Puro  Thid  substanco  is  occasionally  employed  for  the  preparation  of  fine 
Protoxide  of  CobaiL  colours.  It  may  be  obtained  by  heating  one  pare  of  previously  roasted 
and  finely-pulverised  cobalt  ore  with  two  parts  of  sulphate  of  potassa  until  no  more 
sulphuric  acid  is  given  off.  The  fused  mass,  consisting  of  sulphate  of  potas.«i,  sulphate  of 
protoxide  of  cobalt,  and  insoluble  afsenical  salts,  is,  when  cooled,  first  treated  with  water, 
and  next  digested  with  hydrated  protoxide  of  cobalt  to  precipitate  any  iron  which  mav 
happen  to  be  present,  and  in  order  to  eliminate  the  oxide  of  that  metal  the  solution  is 
filtered.  It  is  next  precipitated  with  carbonate  of  soda,  and  finally  the  precipitate  L* 
washed  and  heated. 

KitT»teofPmtnxidPof  This  doublc  Salt,  known  by  it«  tradi  name  of  cobalt-yellow,  is 
Cobalt  and  Poia*ta.  obtained  by  mixing  a  solution  of  protoxide  of  cobalt  with  nitrite  of 
potassa ;  it  is  a  yellow  crystalline  precipitate,  perfectly  insoluble  in  water.  M.  Saint-Evre 
first  investigated  this  body,  and  struck  with  its  beautifully  yellow  colour,  quite  like  that  of 
pm-rhee  (euxanthinate  of  magnenia),  and  with  the  fact  that  cobalt-yellow  resets  oxidising 
and  sulphuretting  influences,  suggested  it.^  applicability  to  artistic  purposes.  He  prepares 
this  pigment  by  precipitating  with  a  slight  excess  of  potassa  the  double  salfc  of  protoxide 
of  cobalt  and  potassa,  obtaining  a  rosc-red-colourcd  protoxide  of  cobalt  and  potassa.  Inw) 
this  thickish  magma  deutoxide  of  nitrogen  gas  is  passed.  According  to  Hayes,  this  pig- 
7nent  is  readily  obtained  by  causing  the  vapours  of  hyponitric  acid  to  pass  into  a  solution 
of  protonitrate  of  cobalt,  to  which  some  potassa  has  been  added ;  the  whole  of  the  cobalt 
is  then  converted  into  cobalt-yellow.  As  the  nitrite  of  protoxide  of  cobalt  and  potassa 
can  bo  obtained  even  from  impure  solutions  of  protoxide  of  cobalt,  so  as  to  be  quite  free 
from  any  nickel,  iron,  &c.,  the  use  of  this  preparation  of  cobalt  is  preferable  for  glass  and 
porcelain  staining,  when  a  pure  blue  is  required. 

Cobait-Bronfft.  This  substaucc,  a  double  salt  of  phosphate  of  protoxide  of  cobalt  and 
ammonia,  prepared  at  Pfannenstiel,  near  Aue,  in  Saxony,  has  been  but  lately  brought  into 
commerce.  It  is  a  violet-coloured  powder,  very  much  like  the  violet-coloured  chloride  of 
chromium,  and  exhibits  a  strong  metallic  lustre. 

Nickel. 

(Ni  =  59;  Sp.gr.  =  8*97  to  9*25). 

Nickel  and  iu  otm.       This  metal   occups  in  tho  following  ores: — Copper  nickel  or 

arsenical  nickel,  NiAs,  containing  about  44  per  cent.  Ni. ;  antimonial  nickel,  NiSb, 

ydth  about  31*4  per  cent.  Ni. ;  white  arsenical  nickel,  NiAs^,  ^with  about  28*2  per 
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cont.  Ni ;  in  t-diji'^  variotics  of  c<>balt  speiss,  as,  for  instance,  the  capillary  p^rit4)i 
(sulphurot  of  nickel)  with  64*8  per  cent,  Ni) ;  and  tho  antimonial  nickel-ore, 

with  about  26*8  per  cent.  N i.  There  ia  found  tit  R^^wdansk,  Oural,  Bu^sia,  a  mineral 
known  as  Hewdanskito,  a  silicato  of  hj'dmtvd  protoxide  of  nickel  (13*6  per  cent,  Ni), 
from  which  tho  metal  18  obtainc<l.  Nickel  is  also  extracted  from  orca  which  contain 
it  nccidontally,  as,  for  inBtance,  somo  species  of  iron  and  copper  pjTites,  cobalt- 
epeiss,  and  certjiin  copper  ores  known  as  Mansfield  ores,  which  yield  sulphate  of 
nickel  as  a  by-pro<kict.  Several  varieties  of  manganese  contain  nickel  and  also 
cobalt ;  and  in  England  the  residues  arising  from  the  manufaetuix)  of  chlorine  are 
in  eome  inetxinces  applied  in  the  production  of  these  metals,  the  process  yielding:, 
according  to  Gerland,  2*5  kilos,  of  nickel  and  5  kilos,  of  cobalt  for  i  ton  of  manga- 
nese. Some  magnetic  iron  ores  yield  nickel^  a  specimen  of  such  ore  from  Tragat^jn, 
Tyrol,  Austria^  containing^  according  to  if*  T.  Petersen,  1 76  per  cent,  of  NiO. 

''"''fhHiti  %^^'^  It  very  rarely  happens  that  tho  natural  ores  of  nickel  ai-e  m  pure, 
that  is  to  say,  contain  the  metal  in  such  a  state  of  combination,  as  to  admit  of  the 
direct  extraction  of  the  metal,  and  therelbre,  as  is  the  case  with  copper,  a  prt'liminary 
inperatiun  is  required,  which  aims  at  tho  conconti^ation  of  the  metiil  in  combinatiuu 
cithor  with  sulphur,  in  which  case  the  combined  substanc^^  is  termed  regulus.  and 
sulphuret  of  iron  is  applied  as  a  means  of  concentrating  the  nickel  contained  in  tho 
ore  as  snlphuret :  or,  if  tho  nickel  happens  to  be  combined  chiefly  T\^th  arsenic,  tho 
concentrated  mass  is  termed  speiss  \  while  in  a  few  instances  on  alloy  of  nickel  and 
coarse  or  black  copper  is  obtained.  From  all  thes^j  prodticts  the  motnUic  nickel,  or 
eumetimcs  an  alloy  of  nickel  and  coi)per,  is  prepared  by  the  dry  or  moist  process. 

Hie  method  of  obtaining  niokel  embraooa  two  distinct  features,  vijf.  :— 
I.  A  smelting  process,  which  at  ma  at  rendering  tlie  nickel  of  the  ores  richer,  and  oou- 
centmting  the  metal — 
a.  In  a  iraralus, 
B.  In  a  flpeisa,  or 

7-  In  allcty  with  coarNi  or  black  copi>er. 
tl.  lo  the  pK'fMirarioQ  of  tho  nirkrl,  i>r  l»  dcilnibC  alloy  from  tho  prod  acts  obtainel  by 
the  oonoentmtioa-smolting ;  this  can  bo  don© — 
<r.  By  the  ihy,  or 

k  By  the  hytlro-metalliircrieal  method. 
As  it  is  found  that  tJie  preparation  of  an  alloy  of  copper  and  nickel  for  tho  mflnufae- 
ttifp  of  Ko-c/dlod  Cri  rman-silrcr,  impiirs  the  most  vuiiiable  properties  of    nickel — it« 
r  "  '         '  ur  and  rciiistance  to  chemical  action^ — tho  ubtainiog  of  pure  metallic  nickel  ia 

wr„.i.m?  n?tbT*      '•  ^^^^  operation  ifl  carriod  on  (o)  for  rearnlus,  when  tho  nickeUoroa  aro 
'  Nteile/orf*. '     mix»  d  yriik  iron  pj-ritea  and  magiietic  pyrites,  and  ocin«iats  in  smelting  tlio 
prcnausly  partly  ronsfci  ore  mth  quarts  or  substaneos  rich  in  tdlica.    During  the  procosi 
th  *  gTCJt#r  portioa  of  the  oxide  of  iron  gcnerativl  is  absorbed  by  the  slag,  while  thfi  nidcial,  ] 
id<io  first  oxitUj^od,  and  more  readily  rt"^liu?ed  thin  tho  oxido  of  iron*  i(4  converted  to  th)  ^ 
tnetalUo  st^ito  and  taken  up  by  and  concontratwl  in,  tho  rcgnlus,  a  mixtiire  of  undecnm- 
pdflied  iulphurcts  of  in4;'tidL<5  and  rtxhiccd  Bulplmtes.     If  at  tho  time  the  ore  contains 
i?opper,  that  metal  is  even  luom  readily  and  ix*mph*tt4y  inrorponitcfl  with  th*3  rcgidus  than 
tlio  nickel  it>cJf.     If  tho  rort^t*xl  ma^  c<mtains  too  much  protoitide  of  iroa,  a  portion  of 
that  mot^l  ii*  reduced,  find  either  tali«:'n  up  liy  the  r^gidus,or  iK*paTated  as containmg  nickel. 
The  ^>paration  of  the  iron  from  the  regidna  "frefjueutly  rec[uiref*  th<^  application  of  a  refining  , 
f  tinmce  provided  with  a  bhwrt  bo  as  to  oxidise  the  iron.     A  l»etter  result  is  obtained  bjrJ 
Utmiing  the  previnnnly  roast*^  ore  in  a  reverl>eratory  furnuce  with  quartz,  heavy  spar, 
|Mkd  duuooal  or  cord ;  Kidnhuret  of  barium  residt-'*,  which,  l>eeoming  eonvrrtfd  into  bari't  i, 
tnuisfei*  its  sulphur  to  ihe  oxideo  of  nirktl  and  copper,  while  tht*  burj  ta  foniui  with  ilie 
quartz  ond  pmtoxld|»  of  iron  ^  readily  futiihle  hLik*     At  Dillenburg  an  ore  wliich  eon- 
ttduA  the  s^ilphureKs  tif  nickel  to  alMiut  7"5  iicr  cent.,  nnd  oopptT,  is  treated  in  the  fol- 
lowing nmmter  :~It  iti  roasted  in  stacks,  built  not  unlike  cokd-ovons;  next  brok?n  up  ani 
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8nieltod  in  a  low-blast  fumaco  lieated  by  means  of  coke,  no  other  ingredients  lx»ing  adtlcd, 
as  the  ore  contains  silica,  alumina,  and  limo  in  sufficient  quantities,  so  as  to  obtain  crude 
regnlus  (I.)  This  crude  regulus  is  next  melted  with  slags,  so  as  to  obtain  concentrate<l 
regnlus  (II.)  It  is  lastly  submitted  to  the  action  of  a  refining  blast-furnace  in  order 
•to  lessen  the  quantity  of  iron,  oar©  being  taken  to  leave  enough  sulphur  to  keep  the 
refined  regulus  (III.)  brittle ;  finally,  the  regulus  w  employed  in  the  manufacture  of  nickel 
and  alloys  of  nickel.     CJomposition — 

I.        II.      III. 

Nickel 19        24        35 

Copper 13        39        43 

Iron       35         12  2 

Sulphur        33        25         20 


This  mode  of  operation  is  employed  at  Klefver  (Sweden),  and  in  some  other  localities. 

(3).  The  smelting  of  nickel  ores  for  the  purpose  of  concentrating  the  metal  in  speiss  is 
applied  when  the  nickel  occurs  in  combination  with  either  arsenic  only  or  with  that 
metal  and  antimony,  such  compoimds  being  occasionally  obtained  in  the  operations  of 
smelting  copper,  lead,  and  silver  ores,  and  as  by-products  of  the  smelting  of  metals  not 
(xmtaining  arsenic,  as,  for  instance,  in  slags  from  copper-smelting,  in  which  case  there 
is  added  arseniuret  of  iron  (arsenical  iron  pyrites,  FeAs  +  FeS  ,  which  when  heated  by 
itself  splits  up  into  As  and  2FevS).  When  a  mixture  consisting  of  nickel,  iron,  and  arsenic 
is  first  submitted  to  a  partial  calcination,  and  next  to  a  simultaneously  reducing  and 
fusing  smelting,  the  iron  is  taken  iip  by  the  slag,  the  nickel-oxide  is  reduced,  and  the 
arseniatea  are  converted  into  arsoniurets,  and  as  the  nickel  has  a  greater  affinity  for 
arsenic  than  for  sulphur,  the  speiss  will  also  take  up  that  metal.  If  the  compoimd 
originally  operated  upon  happens  to  contain  copper,  that  metal  is  present  in  the  speis.s, 
from  which  it  may  be  separated  as  a  sulphuret  by  the  addition  of  ordinary  pyrites  to  the 
arsenical  pyrites  during  the  smelting.  By  frequently  roasting  and  smelting  the  speisM, 
aided  occasionally  by  an  oxidising  blast  and  the  use  of  heavy  spar  and  quartz  as  slag,  the 
iron  is  gradually  eliminated.  At  Birmingham,  Hungarian  and  Spanish  nickel  ores  aie 
smelted  for  speiss,  these  minerals  containing  on  an  average  from  40  to  55  i>er  cent, 
of  nickel,  and  from  30  to  40  per  cent,  of  arsenic,  as  weU  as  sulphur,  bismuth,  and 
copper. 

(7).  Smelting  for  the  concentration  of  coarse  copper  or  nickeliferous  pig-iron.  When 
the  quantity  of  nickel  contained  in  the  copper  ores  is  very  small,  the  nickel  accumulates 
in  the  first  portions  of  the  refined  copper  in  such  quantities  as  to  repay  the  trouble  of 
extraction.  M.  Wille  analysed  some  refined  copper,  obtained  from  the  cupriferous  slate 
of  Riechelsdorf,  and  found  it  to  contain  from  7-8  to  13*6  per  cent,  of  nickel;  occasdonally 
the  surface-discs  of  rosette-copper  contain  crj'stals  of  protoxide  of  nickel. 

Mer2ii?Nickei**or  of  ^^*  '^^^  ^^  cffcctcd  by  Submitting  the  product  of  the  concentra- 

Aiiojs  of  Kickci  and  Copper,    tion-smelting  to  either  {a)  a  dry  method  of  treatment,  or  {b)  a 
hydro-metallurgictd  process. 

(a).  Preparation  of  nickel  by  the  dry  method.  It  appears  that  the  methods  hitherto 
employed  have  not  led  to  very  satisfactory  results ;  it  is  true  that  when  nickel-speiss  is,  as 
suggested  by  M.  von  Gersdorf,  repeatedly  roasted  with  charcoal-powder  and  wood- 
shavings,  oxide  of  nickel  is  obtained,  and  may  be  reduced  by  means  of  coal,  coke,  or  char- 
coal ;  but  as  this  oxide  is  always  mixed  with  arscniate  of  oxide  of  nickel,  the  metal  also 
contains  arsenic,  and  any  Grenuan-silver  made  with  it  is  brittle  and  turns  brown  on 
exposure  to  air ;  moreover,  a  small  quantity  of  iron  is  always  present  in  the  nickel  thu? 
prepared.  A  better  result  is  obtaiued  by  the  process  proposed  by  the  late  H.  Rose,  in 
1863,  for  the  preparation  of  the  metal  free  from  arsenic,  and  wluch  consists  in  mixing 
the  pulverised  speiss  with  sulphur,  and  heating  tliis  mixture,  thereby  forming  sulphuret  of 
nickel  and  sulphuret  of  arsenic,  the  latter  being  volatilised.  This  operation  is  repeated 
as  often  as  may  bo  necessary ;  the  sulphuret  of  nickel  is  roasted,  and  sulphate  of  protoxide 
of  the  metal  is  formed,  which,  at  a  high  temperature,  as  is  the  case  with  protosulphate  of 
iron,  loses  its  sulphuric  acid,  lea\Tng  the  oxide  of  nickel  to  be  reduced  to  the  metallic 
state  by  means  of  charcoal.  At  DiJlenburg  experiments  have  been  made  in  order  to 
obtain  from  what  is  termed  a  refined  stone — a  compound  of  nickel,  copper,  iron,  and 
sulphur — an  alloy  of  nickel  and  copper,  by  first  completely  calcining  the  sulphurets,  and 
so  driving  off  the  free  sulphur ;  next  mixing  the  remainder  of  the  substance  in  quantities 
of  100  lbs.  with  45  lbs.  of  soda,  and  submitting  this  mixture  to  the  heat  of  a  reverberatory 
furuaoo  in  order  to  render  the  sulphur  soluble  in  water  as  sulphuret  of  sodium  and 


42 


CHEMICAL   TEOJINOIOOY. 


0iil|>hnt«  of  KKla,  leaving  an  alloy  which,  of  courf»^^  has  to  b<}  reftned  in  order  to  eliminate 
the  latst  tnicc«  of  hmi. 

{(t).   Obtaining  nickel  by  the  wet,   or  hydro-metstUiirgioal  method.      A  pnclimin/iry 
rrtasting'  of  the  ores  or  products  of  metallurg-ical  operationB  ooutalning  nickel  ih  required 
in  ordier  i^  convert  the  iron  int-o  an  oxide  soluble  in  acid,  and  to  convert  tlie  nickel,* 
tiopper,  and  cobalt,  either  into  BiUphatoa  soluble  in  water  or  into  oxides  or  boaio  saltSi  I 
both  of  which  are  soluble  in  aulphuHc  an<i  hydrochloric  acids.     IVora  any  such  Bolution 
the  niekel  is  precipitated  by  a  suitable  reageiit,  either  as  oxide  or  as  sulphuret,  and  imm 
these  materials  metallic  nickel  or  an  alloy  of  that  motal  with  copper  is  prepared.     Tho 
pr»?piLratiou  of  nickel  by  the  moist  mc^od  conaists    of    threo  diifercni  ojX'riitiuns : — 
I.  The  preparation  of  the  nickel  solution.    WTicn  nickcliferoua  and  nietallurgical  product#i 
are  roasted,  either  witli  or  T^ithout  the  addition  of  copperas,  the  residt  h  the  ftjrmatioa  of 
the  sulpliatea  of  iron,  copper,  nickel,  and  cobalt,  and  tliLa  mixture  when  roasted  beoouies 
decomp^wdj  the  atdphunc  acid  being*  driven  oif  first  and  most  readily  from  the  sulphate* 
nf  the  oxide*  of  iron,  and  with  greater  difficulty  from  the  sulphate  of  protoxide  of  oobalt. 
Accordingly,  after  roasting,  the  mass  on  being  treated  with  water,  yieldi  the  Luger  portion.] 
of  the  nickel  and  cobalt  with  some  of  the  copper,  while  the  greater  part  of  tbo  hitt«r»l 
witli  very  small  quantities  of  cobalt  and  nickel,  and  the  whole  of  the  iron,  remain  undis*  1 
solved  as  oxides;  bv  the  use  of  aoi<ls  the  prcjtoxidea  of  copper  and  niekol  are  extracted 
from  this  residue.     If  the  roasted  material  is  immediately  tr&ated  with  hydro*!hloric  acid, 
tlie  result  is  that  more  of  the  oxide  of  copper  than  of  the  protooude  of  nickel  is  dissolved ; 
but  by  again  treating  the  residue  with  boiling  acid  the  oxidea  of  iron  atid  nickel  are 
extracted.    Speiaa  may  be  tiBed  for  obtaining  a  nickel  solution  by  first  heating  the  pre- 
viously roasted  speiss  with  zi  mixture  of  st^a  and  nitrate  of  soda,  next  extracting  the 
ftrsemate  of  soda  by  means  of  water,  and  afterwards  treating  the  residue  with  sulphurie 
amd,  roosting  tho  sulphates  obtained  w  a^  to  decomyjosf?  oidy  that  of  iron,  and  finally 
Irciitiu^  tho  maaa  again  with  water  to  obtain  tho  sulphates  of  iiickcl  and  cobalt  in  solutioiu,. 
'  JLoooiding  to  Professor  Wbhler's  plan,  tho  arsenic  of  tho  speiss  can  be  removed  by  fusion^ 
with  sulphuret  of  sodium,  and  a  subsequent  treatment  with  water,  in  which  it,  as  a  sulpho- 
aaltf  is  soluble.       2.    The  nickel  may  bo    precipitated    from  the   solution   in    various 
ways.     According  to  M*  Stapfl^s  plem  (1858),  a  fnictioiied  precipitation  may  be  obtained 
by  means  of  chalk  employed  at  various  temperaturea,  the  result  being  that  first  iron 
and  arsenic,  and  next  copper,  are  separated,  so  that  only  tlie  nickel  remains  in  fiolution, 
and  can  bo  thrown  down  by  milk  of  lime.     According  to  M.  Ivouyet  (1S49),  iron  and 
arsenic   are  first  precipitated  by  milk   of  Enio  mixed  with  hleacliiug-powder,  and  the 
liquid  containing  this  prccipltato  filtered  oJL     Prom  tlie  acid  filtrate  the  bismuth,  lead, 
and  copj>er  tlmt  may  be  present  are  removed  by  sulphurette<l  hydrogen  ;  the  filtrate  from 
thes^e  jomt  sulphides  is  next  boiled  with  bleacJiing- powder,  the  cobalt  being  separated  tia 
a  iKToxide,  and  the  nickel  remaining  in  solution.     If  it  is  desired  to  obtain  the  oobaltic 
pi'Toxido  in  a  pure  state,  the  precipitation  should  be  eo  conducted  as  to  leave  a  little 
rttbjdt  with  the  nickel^  no  injury  therefrom  accruing  to  that  metal.     At  Joaehimsthal, 
Bohemia,  tho  nickel  ia   precipitated   from   the   acid  Bolntion   after   the   removal   of   the] 
i^upper  by  stdphuretted  hydrogen,  by  means  of  bisnlphate  of  putfl^aa  as  bisulphates  of 
|jrotoxide  of  nickel  and  pota«ea,  leading  the  cobalt  in  solution  free  from  nickel,  which  in 
itA  turn  is  thrown  down  by  carbonate  of  soda.     3.  The  conver><ifiu  of  tho  niekcliferoua 
precipitate  into  met«l,  or  into  an  alloy  t^-ith  copper,  may  be  carried  out  in  the  following 
maimer: — The  protoxide  of  nickel  is  first  separated  from  the  liquid  by  filtration,  then 
proved  so  a&  to  admit  of  its  Wing  dried  by  intense  heat,  and  next  ground  up  -with  water  1 
and  washed  with  very  dilute  hy<ir<x:hlnric  actd,  in  order  to  remove  the  g^^i.^um,  of  which  I 
flomo  8  to  12  per  cent,  is  mixed  liHth  the  oxide.     TIjo  oxide  is  then  made  with  lj©et-root  1 
NUgnr,  molasso!*,  antl  coarso  rye-meal,  into  a  stiff  paste,  which  is  shajied  into  cubes  from 
1*5  to  3  oentimetroB  in  size;  thesK*  eubea  arc  next  rapidly  dried,  and  after  drying  are 
phie<H[i  with  ehari?onl  powder  in  cnioible!*,  or  ii»  perpendicular  fire-clay  cylinders,  where. 
l«"iug  submitt<.*d  to  a  very  fitrong  white  hcjit,  the  metal  is  reduced,  an  operation  which,  in 
the  case  of  the  alloj^  of  eopfaT  and  nielo'l,  or   of  cuprifemus  nickel,  is  finished  in  i^  hour, 
the  ri'duction  of  the  pure  metal  taking  fully   three  houm.     The  copjier  Boon  becomes 
m<»lten,  but  the  nickel  oidy  sinteiTiJ  together,  on  account  of  the  very  great  jtifusibilily  of 
thifl  metal.     Tlie  small  cubical  piece**  of  nickel  as  met  witli  in  eommej-ee  exliibit  extemally 
u  »tTong  metallic  Ittstrr',  produced  by  putting  the  cubes  with  water  into  ciu^ks,  which  ata 
nmtle  to  rotate.     In  order  to  ensure  uuifonuity  of  composition,  and  hence  a  good  sale  for  1 
the  alloy  of  coyipcr  and  nickel,  rr>sette-nickel,  care  h  inkf^n  t*->  proc\iro  the  mixture  off 
tho  two  metak  in  the  |iToportdon  of  66-67  jwr  cent,  copper,  and  33*33  Jht  cent,  nickel,  whil 
the  cubical  nickel  contains  from  04  io  99  iwr  cent,  of  pure  inetm.     At  n  nickel-oven 
Dillonbui-g,  tho  metal  is  not  maao  into  cubes,  but  treated  in  the  same  way  as  ro<H>i«te«| 
copper. 
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piopertiM  of  Nickel.  Pupo  nickol  bos  a  nearly  silver-white  colour,  with  a  slight 
yellowish  hue,  is  very  difficult  to  molt,  rather  hard,  very  ductile,  and  easily  polished ; . 
sp.  gr.  =  8*97  to  9*26.  When  quite  pure  this  metal  may  be  drawn  into  wire,  rolled 
into  sheets,  hammered,  and  forged ;  its  tensile  strength  stands  to  that  of  iron  as  9  : 7. 
Nickel  is  analogous  to  iron,  but  distinguished  from  it  by  possessing  a  greater  power 
of  resisting  chemical  agents ;  on  this  account,  and  for  its  not  becoming  rusty  in  air 
or  when  in  contact  with  water,  nickel  is  used  for  obtaining  silver-like  alloys  (see 
Copper).  In  Belgium,  Switzerland,  the  United  States,  and  Jamaica,  small  coins 
have  been  made  of  an  alloy  of  nickel  with  zinc  and  copper,  pure  nickel  being  too 
hard  to  admit  of  readily  coining.  An  alloy  known  as  tiers-argent,  one-third  silver, 
consists  in  100  parts  of: — 

Silver 27*56 

Copper       59*06 

Zinc 9*57 

Nickel        3*42 

99*61 
The  total  annual  production  of  nickel  on  the  Continent  of  Europe  amounts  (1870) 
to  11,200  cwts.,  exclusive  of  what  is  made  in  England.  Very  pure  nickel  is  obtained 
at  Val  B4noit,  nearLuik,  Belgium,  from  an  Italian  nickel  ore,  the  metal  containing 
less  than  i  per  cent,  impurities. 

CorpEE. 
(Cu=63-4;  Sp.gr.  =  8*9). 
^''*  M?how"  ***^'*'  Copper  is  one  of  the  metals  met  with  most  abundantly.  It  has 
been  known  from  a  very  remote  antiquity — even  before  iron — and  bears  the  Latin 
name  Cuprurriy  because  it  was  obtained  by  the  Eomans  and  Greeks  from  the  Island 
of  Cyprus ;  from  the  Latin  name  of  this  metal  the  English,  German,  Dutch,  and 
French  names  are  derived.  Copper  is  found  to  some  extent  in  a  metallic  state 
naturaUy,  but  it  is  chiefly  obtained  from  ores,  among  which  the  oxides  and  sulphides 
are  the  chief. 

oreiofCi.ppcr.  Native  copper  is  found  in  large  quantities  near  Lake  Superior,  in  Nortli 
America ;  and  in  CMli  there  is  known  a  peculiar  kind  of  sand  called  copper-sand,  or 
copper-barilla,  consisting  of  from  60  to  80  per  cent,  of  metallic  copjKjr,  and  20  to  40  per 
cent,  of  quartz.  This  sand  is  imported  into  England  and  smelted,  with  other  copjver  ores, 
at  Swansea. 

Red  copper  or  (suboxide,  or  red  oxide  of  copper),  Cu^O,  containing  88-8  per  cent,  of 
copi)er,  is  met  with  in  octahedrical-shaped  crystals,  disseminated  or  instratified  through 
rock  in  Cornwall.  An  intimate  mixture  of  suboxide  of  copper  and  iron-ochre  is  known  as 
tile-ore,  or  earthy-red  oxide  of  copper.  Azurite,  or  blue  copper  ore,  containing  55  per 
cent,  of  copper,  is  a  compound  of  carbonate  of  protoxide  of  copper  and  hydrated  protoxide 
(2CUCO3  -f-  CuHjOJ.  It  occurs  in  beautifully  blue-coloured  crystals  disseminated  through 
rock  and  gangne  in  Cornwall,  and  was  formerly  found  at  Chessy,  near  Lyons. 

Malachite,  containing  57  per  cent,  of  copper,  consists  of  basic  carbonate  of  hydrated 
oxide  of  copper  (CuCO,  -f-  CuH^jO^),  and  occurs  in  rhombic  crystals,  also  as  stalactite  and 
stalagmite,  and  in  Atlas  ore,  a  veined  and  earthy  ore  called  copjxjr-green  or  earthy 
malachite,  and  very  frequently  with  azurite  in  Australia  and  Canada. 

Copper-glance,  copper-glass,  sesquisulphuret  of  copper  (Cu^S),  contains  80  per  cent,  of 
the  metal.  Purple  copper  ore,  variegated  copper  ore,  a  compound  of  copper-glance  and 
scsquisulphnrct  of  iron  (sCu^S  +  EO3S3),  with  55*54  per  cent,  of  copper  and  copper  pyrites 
(Cu^S-f-Fe^Sj  or  CuFeS^),  with  34*6  per  cent,  of  copper  are  the  chief  sulphur  ores  used  in 
the  extraction  of  copi)er.  Copper  pyrites  is  often  mixed  with  iron  pyrites,  and  also  often 
contains  silver  and  nickel.  The  mineral  known  as  Boumonite,  although  a  lead  ore,  often 
contains  as  much  as  1276  per  cent,  of  copper. 
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Slatj  copper  oro  is  ft  bihimiTious  murty  BchUt  belong^ing'  to  tli©  Pprmiiin  formation, 
tlirrjuph  which  salphurettcd  eopp.-r  ores  are  disacmmated ;  tlila  ore  h  cliiefly  loxmd  b" 
Germany, 

Groy  or  lilack  copper  ores,  fto  called  Fahl  ores,  are  compounds  consisting  of  electro^ 
positive  milpharets,  vi^.,  fiulphurt?t  of  copper  and  of  silver,  with  plcctro-ncgativo 
flulphurvts,  Yix.t  those  of  nrsenic  *)r  nntimony-  As  thtvae  ores  contain  silver  thej'  are  uanalJy 
eonaidf'red  as  sil^rcr  ores^  the  quantity  of  copper  c^ntiincd  in  them  amomitinpr  to  about 
14  t<i  T4'5  per  cent.  Atacamite  ia  also  a  copper  ore  (jCuH^O,  +  tJuCl^),  eontniuing-^6  per 
oont,  of  copper.  This  subatanco  is  chiefly  met  with  in  ChRi  and  other  ports  of  the  Vn  estem 
Coast,  of  South  America,  in  Southern  AustraliA,  and  in  Peru,  and  in  tbrit  country  it  in 
jrround  to  powder  and  uiJed  instead  of  sand  or  eawdiist  to  i^Uvw  on  the  floors  nf  rtwms. 
It  i«  importeil  in  that  state  under  the  name  of  Arsonilo,  and  is  smeltetl  with  the  atacamite 
ill  ItunpB  ut  Swan^a. 
m<hj»*  iif  trf^atin^  iJie  c*ipp?r  It  IS  quite  evidsiit  that  tho  treatment  of  the  orr^s  must  vary 
cxtnctidg  uie TietAi.  according  to  the  constitutiou  of  tho  metals.  The  ores  in 
which  copper  ia  contained  as  oxide,  or  ochrey  ores^  aro  reduced  rcfidily  enough  by 
eimplo  trtmtment  with  e^irbonaceous  matter  and  a  flirs ;  but  these  ores  are  by  no 
moana  abundantly  found,  and  are,  therefore,  usually  mixed  with  pyritical  sulphu- 
rotted  ore©.     Tho  smelting  of  copper  from  its  ores  therefore  embraces : — 

1.  The  smelting  from  ores  containing  oxides. 

2.  From  pyritical  ores,  and 

3.  Tho  hydro-motaUurgical  method. 

Pyritical  copper  ores  are  smelted  either  in  a  abaft,  or  pit-furnace,  or  in  a  revorbera- 
tory  furnace.  In  the  latter  instance  iJie  reduction  of  tho  metallic  regulus  of  copper 
obtained  from  a  previous  roasting  of  tho  ore,  is  effected  by  the  aid  of  aulphur,  not  by 
that  of  coal.  The  regulus  is  giudually  rendered  richer  and  richer  in  metal,  iintil  at 
Ifist  the  decomposition  of  the  sulphur  is  completed  by  the  action  of  the  oxygen  of  the 
air:  by  this  operation  suboxide  ie  plentifuDy  formed,  and  as  a  cousequence  the  metallic 
oopper  obtained  is  in  the  state  technically  termed  ** oyer- refined."  When  the  shaft- 
furnac-e  ia  employed,  tho  first  portion  of  the  operation  is  similar  to  that  alluded  to, 
but  the  metal  is  reduced  with  coal  or  charcoal,  and  hence  tho  copper  obtained — 
leaving  out  of  the  question  the  presence  of  the  foreign  me^tals^is  never  over- refined, 
but  contains  carlxmaceous  matter,  so  thut  in  order  to  render  the  copper,  as  it  is 
techuically  tt^rmed,  tough — that  h  to  ssay,  malleable  when  cold  as  well  as  when  hot, 
nnother  operation  is  recitiired,  which  it  ia  evident  from  the  foregoing  mxxst  differ  for 
tho  two  qualitieft  of  crude  metaL 
ThtwwinBfni»ofih»     The  ores  ore  first  roasted  or  calcined,  and  a  portion  of  the 

C^fiprr  Om  In  the  .    .  .  _  ^,  ,  ,.,.,., 

^K»a  FiirniKc.  sulphuT,  afdenic,  and  the  antimony  they  contain  Tomtilised ;  sul- 
plmtes  of  the  metals  as  well  as  arseniates  and  antimoniates  are  at  the  same  tin.^ 
foimod.  while  a  portion  of  tho  ore  is  not  acted  upon  at  alL  When  the  smelting 
operation  ia  commenced,  fluxes  are  added,  and  auy  oxide  of  copper  present  is  reduced 
to  the  metallic  state,  while  simultaneously  the  sulphates  are  again  converted  into 
sulphurets,  which  jointly  with  tho  metaUio  copper  form  tho  rather  richer  crude 
i-egulus  of  copper;  while  if  arsenic  and  antimony  prevail  spelss  ia  formed,  Th^i 
more  readily  oxidised  metals  present,  chiefly  iron,  form,  as  protoxides^  compounds 
with  the  fluxes.  By  a  roiKitition  of  this  procass  with  the  coarso  metal  rogulus — ^tho 
operation  being  known  as  a  concentration -smelting — there  are  obtained  thin  matt, 
and  what  ia  termed  black  copper,  containing  foreign  metals,  which  an)  got  rid  of  by 
a  first  or  coarse  refining,  a  portion  of  the  impurities  under  the  influence  of  a  high 
tompeniture,  the  oxygen  of  tho  atr  and  fluxes,  being  partly  volatilised,  partly  taken 
u  p  i  n  tho  slag.    Th  o  copper  obtained  by  this  operation ,  rose  -  or  disc-  copper ,  containa. 
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bocauso  tbo  cukmutiun  h  earned  miller  too  far,  suboxide  ol'  copper,  which  impairs 
tho  ductility  of  tho  metal.  This  defect  is  remedied  by  a  rapid  smeltiDg  under  a 
layer  of  charcoal,  the  suboxide  being  reduced  and  tough  copix>r  obtained.  \Vhea  a 
reverboratory  furnace  is  employed,  tho  coarae  and  last  refining*  are  usually  included 
in  one  process. 

According  to  tho  ContLnental  methods,  the  calcined  ore  is  bmelted  and  conyerted 
into  ccmree  regulus  in  a  shaft -furnace,  the  fuel  employed  being  charcoal  or  coke,  or 
a  mixture  of  the  two.  Fig.  18  exhibits  the  vertical  section  of  the  furnace  ;  Fig.  19 
ia  a  front  view,  tho  front  wall  being  removed  to  show  the  interior  constructiou. 
Fig.  20  exhibits  the  lower  part  of  this  furnace ;  1 1  are  the  tuyere-holes  for  the  blast ; 
tho  aperture-*,  o  0,  placed  just  above  the  lowest  part  of  the  breast  of  the  hearth,  com- 
municate by  means  of  channels  with  the  smelting-pots,  c'  cf,  the  object  being  to 
gradually  collect  the  molten  contentsof  the  furnace.  Since  coj>per  ores  always  contain 
more  or  less  iron,  it  might  happen  that  by  simply 'employing  a  reducing  smelting, 
some  of  thiit  metal  would  become  mixed  with  the  copper ;  in  order  to  avoid  this, 
iluxiug  materials  rich  in  siUca  are  added^  with  which  the  protoxide  of  iron  foims  a 
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readily  fustblo  slag*    The  oxides  of  coppor  present  in  tho  calcined  mutorialfi  aro 
reduced  to  tho  metallic  state  by  the  sulphuret  of  iron — 

30uO  +  FoS  =  80-  +  FeO  +  3CU. 
The  metal  rogulus,  a  mixture  of  sulphurets  of  Ci>pper  and  iron  and  other  metals, 
containing  on  an  average  32  per  cent,  of  copper,  collects  in  the  lower  part  of  the 
furnace,  and  tho  slag  formed  is  called  crude  or  coarso  slag.  Tlio  roasting  of  the 
rogulus  aims  at  its  most  com  plot  0  oxidation,  while  tho  sulphur  is  eliminated.  The 
calcined  regulus  is  iiext  smelted  in  a  shaft  furnace  with  the  addition  of  a  flux,  a  pro- 
cess technically  known  as  concentration-smelting*  *  The  refined  regidus  obtained  by 
this  smelting  contains  some  50  per  cent,  of  copjior,  and  is  next  treatoci  to  obtain  black- 
f"  copper,  coarse  metal.  But  if  the  regulus  contain  a  sufficient  quantity  of  silver,  that 
metal  is  extracted  by  methods  which  will  bf3  fnlly  elucidated  when  silver  is  treated 
of;  in  some  cases  this  operation  is  combined  with  the  extraction  of  lead  from  tho 
coppcrr,  and  effected  by  what  is  termed  liquidation,  of  which  more  presently. 

•  There  are  no  eqidvalent  l»_*niis  in  EngU'^h  to  exx>res.H  tho  real  meaning  of  tlie  German 
^  irords,  a  fact  which  is  readily  accoDutod  for,  if  wc  consider  that  these  operations  ar« 
aimentiftlly  German  and  of  very  undent  standing. 
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Tho  oporation  of  smelting  for  a  refined  regiilus  is  omittod  if  tolerably  pure  copper 
ores  are  operated  upon,  and  such  ores  after  calcinntion  arcs  immediately  treated  in  a 
low  blast-furnace  to  obtain  the  block-copper.  In  addition  to  bliick-copper,  a  thin 
nmtt  oonttxining  from  93  to  95  per  cent,  of  tliat  metal  is  obtained.  As  an  instance 
of  tlio  composition  of  black •copj>or,  we  quoto  Dr»  Facli's  analysis  of  a  s^tmple  of 
that  material  produced  at  Mansfald,  in  1866  ;  in  100  part«  tliero  aro  : — 

Copper       ..     ..     93 '49 

Lead  . .     . »  i  '49 

Zino . .       .      . .       i'47 

Iron    ..     ., I'oj 

Nickel  and  cobalt  together    ,.       .  .  125 

Silver        , .      . ,      0*03 

Sulphur     ♦ . 0*99 

9975 
TiaAninK  tiifl  co|»pcr.     The  black-copper  is  next  Bubmittod  to  an  energetic  oxidising  . 
smelting  process  in  order  to  get  rid  of  the  impurities  in  the  slag.    This  process 
carriod  on  cither — 

1.  In  a  small  refining  furnace ; 

2.  In  a  large  refining  furnace ;  or 

3.  In  a  reverberatoiy  fiimaoe, 
luAniDg  on  (L«  uc^nii,      i.  This  Operation  is  effected  in  a  furnace  or  health,  reproieaMIJ 
in  vertical  section  in  Fig.  21,  and  in  perspective  in  Fig.  22  ;  a  is  a  semi -globular 

Fio.  21  Pie.  22 
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excavation,  termed  the  crucible ;  5  is  a  cast-iron  bed-piato  ;  h  represents  ono  of  the 
two  tuyeres  by  means  of  which  a  blast  is  conveyed  to  the  fuel  aad  tho  surface  of  the 
copper,  Tho  black  or  coarse  copper  is  melted  by  the  heat  of  charcoal  aided  by  th© 
blast,  the  sulphur,  arsenic,  and  antimony  being  volatilised*  while  the  oxides  of  iron 
and  of  the  other  non-TolatUe  metals  are  t^kcn  up  with  the  suboxide  of  copper  by  tho 
slag,  which  gathers  at  tho  surface  of  the  molten  metal,  and  is  from  timo  to  time 
removed.  As  soon  as  the  refining  is  complete^  tho  blast  is  turned  off  and  tho  Bur^ 
^g^oe  of  the  copper,  the  metal  being  heated  fiir  above  its  melting-point,  covered  with 
charcoal -dust.  When  cooled  sufficiently  >  water  is  poured  on,  and  a  portion  of  the 
metal  thus  suddenly  solidified  admits  of  U-ing  lifted  off  from  tho  rest  of  tho  molten 
mass  in  rakes  or  discs,  technically  known  as  rose  or  rosette -copper  j  this  oi>eration 
is  repeated  until  tho  crucible  contains  no  more  metal. 

^rri**f  qMnSurt''  *^^  til©  refining  of  copper  on  tho  hearth  has  been  found  to  yield  but 
poor  results,  another  contrivance,  shown  in  vertical  section  in  Fig.  23,  is  now  more 
generally  employed,  A  is  the  smelting -hearth ;  b  the  refining  crucible,  of  which  there 
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are  two ;  w,  the  opening  for  the  tuyere  of  the  blast ;  Z,  the  furnace.  The  mode  of 
operation  is  similar  to  that  just  given.  When  the  refining  is  complete  the  molten 
metal  is  run  into  the  crucibles,  and  after  having  cooled  sufficiently,  water  is  sprinkled 
on  and  the  discs  of  rose-copper  lifted  off.  For  the  reason  that  in  this  kind  of  rever  - 
beratory  fiimace  the  copper  is  not,  as  is  the  case  on  the  hearth,  in  contact  with  the 
fuel,  the  result  is  a  purer  metal. 

liquation  ProceM.  When  the  coppcF  orcs  contain  silver, the  black  copper  is  submitted, 
before  being  refined,  to  a  process  known  as  liquation,  unless  it  should  be  preferred 
to  extract  the  silver  by  the  Ziervogel  method  (see  Silver).  The  liquation  process  is 
based  upon  the  fact  that  lead  and  copper  may  be  melted  together,  but  do  not  remain 
alloyed  on  cooling,  so  that  a  compoimd  is  formed  containing  much  more  copper  than 
lead,  the  remainder  of  the  lead  separating  and,  while  taking  up  the  silver,,  settling 
down  in  consequence  of  its  specific  gravity.  When  the  molten  mass  is  slowly  cooled, 
the  lead  combined  with  the  silver  runs  off  after  the  solidification  of  the  copper;  but 
if  the  molten  metals  are  rapidly  cooled,  an  intimate  mixture  of  the  t\^'o  takes  place. 
The  mode  of  separating  the  silver  from  the  lead  will  be  referred  to  when  treating 
of  the  former  of  these  metals. 

It  has  been  already  mentioned  that  the  refined  copi)er  resulting  from  the  above  processes 
contains  suboxide  of  that  metal,  which,  if  amounting  to  a  quantity  of  r-i  percent.,  renders 
the  copper  unfit  for  use  at  ordinary  temperatures,  by  impairing  its  ductility  and  mallea- 
pility    while  if  the  quantity  of  the  Huboxido  amounts  to  I4  per  cent.,  the  metal  is  unfit  for 

Fig.  23. 


use  both  cold  and  at  a  red  heat — that  is,  becomes  cold-  and  red-short.  This  condition  of 
the  metal  is,  in  Germany,  termed  "  over-cooked,"  and  the  remedy  is  simply  to  melt  the 
copper  and  submit  it  to  what  is,  in  England,  technically  known  as  poling ;  that  is  to  say, 
a  sufficiently  long,  stout,  and  green  piece  of  wood,  is  used  for  thoroughly  stirring  up  the 
molten  mass.  The  rationale  is  that  the  carbon  and  hydropren  contained  in  the  w^ood 
deoxidise  the  suboxide  at  the  high  temperature,  rendering  the  metal  very  malleable  and 
ductile,  making  it,  as  is  technically  termed,  tough,  A  sample  of  Mansfcld  refined  and 
toughened  copper  was  found  by  Dr.  Steinbeck  to  contain  in  100  parts : — 

Copper 94*37 

Silver       0*02 

Nickel      0-36 

Iron 0-05 

Lead        o-6o 

Oxygen 058 

Sulphur 002 

100*00 
^^5gJJ^5wng.     Owing  chiefly  to  the  possession  of  an  enormous  wealth  of  coal,  thi 
foel  most  suited  for  the  reverberatory  furnaces,  a  method  of  copper-smelting  peculiai 


4« 


CHEMICAL    TECKKOWOT. 


to  England  i^^  pursued,  and  a  motal  obtained  of  a  very  superior  quality,  altlioiiglii 
not  so  good  ns  that  extracted  from  particular  ores  in  Bussia  and  Australia.  Swanaen  ] 
is  the  cliief  and  most  important  seat  of  this  industrj*  in  the  United  Kingdom,  and] 
to  it  copper  ores  are  not  only  carried  from  CornTrall,  Korth  Wales »  W'estmoroland, 
Anglosea,  and  other  portions  of  the  realm,  Ireland  included,  hut  are  imported  from 
Chili,  Peru,  Cuba,  Norway,  Australia,  and  other  parts  of  tho  world.     The  English 
ores  are  mainly  pyritical. 

The  chief   processes  of  this  mode  of  smelting-  conawt  in — J-  Calcination  of   tlie  Ort>; 
2«  Smelting'  for  coar^o  metal ;  3,  Calcination  of  coan^o  metjil ;  4.  Hakinfj^  nf  white  metal, 
|lcoije<>ntmtiou  process  in  which  calcined  coars'?  metal  is  smelted  with  ricli  orcH  ;  5.  Prepara- 
Ition  ttf  the  blue  metal  by  fnnelting  toother  cfdcinerl  coars**^  metal  and  calcined  ores  of 
iiHlitim  richness;  6.  Preparation  of  a  red  and  whit^p•  metal  by  smelt iug*  together  the  ^hipi 
I  the  previou-s  operations  ;  7.  Calcination  c.f  the  blue  metal  (5)  and  prt^])tt ration  of  whitd  \ 
Utra  metal :  S.  Calcination  of  the  wlilte  exlm  motal  and  preparation  of  the  c^meentrntlon 
niFftal ;  9-  Calcination  of  the  ordinary  white  metal  of  cupriferous  roddues  for  the  purpoRo 
of  obtaining  blist^^rod  copper.     Awordin^  to  M.  Gurlt'iJ  views,  all  those  opera tion«  may  b<? 
reduced  to^  at  most,  two  calcinations  and  three  smelting  ojtcrations,  viz. ; — i*  Cn  lunation 
of  the  previously  pulverised  ores  with  the  addition  of  common  salt,  or  of  chloride  of 
calcium,  to  form  TolatUe  chlorides ;  2.  The  smolting  of  calcined  ores  and  obtaining'  a  more 
liquid  slag  and  a  coarse  metal ;  3.  Tlie  calcination  of  coarse  metal  by  tlie  aid  of  a  blast 
for  the  pruduction  of  blistered  copper  with  or  withont  the  addition  of  chlorides ;  4.  Be- 
fining  and  toiigheninff  the  blistered  copper. 
c*utoinir.orRo(uting     Tbis  Operation  as  carried  on  at  Swansea  does  not  materi ally  differ 
the  ott*.  from  that  pursued  on   the  Continent.      No  very  appreciable  loss  of 

weig:ht  is  expcricnoed,  as  the  weight  of  the  oxygen  t^iken  up  compcnsati^s  f(jr  the  Iosb  ^ 
occasioned  by  the  more  or  less  complete  volatilisation  of  the  sulphur,  antimony,  arsenic,  | 
&c.  The  roasted  ore  is  black,  this  colour  being"  due  to  the  oxides  of  iron  and  copper.  , 
During  the  roasting  heavy  white  fumes  are  emitted,  consisting  of  sulphurous  and  arsenious  ' 
cida  mixed  with  other  substanceBi ;  more  recently,  calcining  furnaces  have  been  con- 
knicted  on  (Jerstenhofer' («  patent  eyatem,  ro  as  to  admit  of  the  ntHiiiation  of  the  solphurons 
acid  for  the  manufacture  of  sulphuric  acid. 

sa«iiis(th«om.  This  operation  is  effectod  tit  Swansea  in  A  fumftGe  of  which  Pig.  24 
exhibits  a  sootional  view,  k  is  a  funnel  intended  for  the  introdnctioii  of  the  roasted  ore ; 
o  is  an  ash<pit  ftUed  with  cold  water.    Tho  object  in  view  m  to  separate  the  ores  from 
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the  >r»njBiie  uh  w»U1  as  frimi  oxidi.^  iA\wv  than  that  <»f  c>i>y»por,  bj*  causing  the  sulphur  of  iht 
itdphuret'i  remaiuLng  uridecompowxl  to  act  upon  a  p«>rtion  of  the  oxides  iind  »;ilphates  In 
such  a  manner  that  these  are  cither  taken  up  by  the  fclag,  a*',  for  instance,  the  oxide  of 
iron«  or  are  again  reduced  to  sulphide,  as  the  oxiao  and  sulphate  of  copper.  At  a  highear 
temperature  the  oxide  of  copjier  is  nxluct,'d  to  the  metaUio  state  by  the  action  of  the 
•lullihuret!^  of  iron  and  copper,  oxide  of  Iron  fonuiog,  and  the  mctalUo  copper  being  portly 
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taken  up  by  the  reg^tis,  partly"  converted  into  suboxide  agfain  by  the  peroxide  of  iron, 
which  id  converted  into  protoxide  and  dissolved  by  the  siliceous  matter.  The  product  of 
the  first  stage  of  the  smelting  is  a  coarse  metal,  regulus. 

Routing  or  Ciicining      The  roastiug  of  the  coarse  metal  is  performed  in  the  reverberatory 
the  coarfe  Metal,     furnace  used  for  the  first  calcination  of  the  ores.    The  objects  in  view 
are  the  oxidation  of  any  metallic  iron  present,  and  the  partial  volatilisation  and  combus- 
tion of  the  sulphur,  partial  only,  for  otherwise  the  smelting  for  white  metal  would  be 
impeded  or  not  performed  without  serious  loss  of  copper. 

Smeittnff  for  Wb'-to       This  Operation  consists  in  mixing   the  previously  calcined  coarse 
Metal.  metal  with  rich  copper  ores  containing  hardly  any  sulphuret  of  iron, 

but  consisting  chiefly  of  the  sulphide  and  oxide  of  copper  mixed  with  quartz  in  such  pro- 
portion that  the  pyntes  (copper)  is  oxidised  by  the  oxygen  of  the  oxides  present,  the  result 
being  that  all  the  copper  comoines  with  the  coarse  metal,  while  the  protoxide  of  iron 
forms  with  the  quartz  ulicate  of  protoxide.  The  white  metal,  almost  entirely  consisting 
of  (CUjS),  is  run  into  cakes  in  sand-moulds. 

Biitt^mi,  or  Crude       The  white  metal  obtained  is  converted  into  blistered  copper  by  placing 
Copper.  it  Qn  the  hearth  of  a  reverberatory  furnace,  and  causing  the  fire  to  act  at 

first  rather  gently,  but  afterwards  so  as  to  fuse  the  mass,  the  total  duration  of  the 
process  for  each  charge  being  12  to  14  hours;  the  result  is  the  volatilisation  of  the 
sulphur  in  the  form  of  sulphurous  acid,  and  the  elimination,  partially  by  volatilisation, 
partially  by  their  being  taken  up  in  the  slag,  of  such  impurities  as  arsenic,  cobalt,  nickel, 
tin,  iron,  &c.  When  the  mass  becomes  fused,  suboxide  of  copper  and  sulphide  of  copper 
mutually  decompose,  the  result  being  the  formation  of  smphurous  acid  and  metallic 
copper  (2Cu^0  +  Cu^S  =  SO,  +  6Cu). 

The  molten  coarse  metal,  impure  copper  as  yet,  is  run  into  moulds,  and  its  surface 
becoming  covered  with  black-coloured  vesicles,  due  to  the  escape  of  gases  and  vapours 
from  .the  molten  metal,  it  is  termed  blistered  copper.  On  being  broken,  after  cooling,  it 
exhibits  a  honeycombed  structure,  due  to  the  same  cause  that  produces  the  blistered 
appearance  on  the  surface.  Blistered  copper,  as  usually  obtained,  is  comparatively  pure. 
ReflniBfthe         The  last  operation  in  the  English  method  of  copper-smelting  is  the 

BUstercd  MetaL  refining  of  the  blistered  metal  in  a  reverberatory  furnace,  care  being  again 
taken  to  fire  at  first  gently,  so  that  the  metal  shall  not  become  molten  until  after  some 
«ix  hours.  As  soon  as  the  entire  charge  is  thoroughly  melted  down,  the  slag,  rich  in  sub- 
oxide of  copper,  is  tapped  ofi',  and  the  molten  metal  covered  with  charcoal-powder.  The 
operation  of  poling  (see  above)  is  then  performed,  birch- wood  being  preferred  for  the 
purpose ;  this  done,  the  copper  having  been  run  into  moulds  of  a  rectangular  shape,  is 
known  as  refined  tough  cake. 

''^m  o^illid  o^^'  Copper  is  readily  obtained  from  oxidised  ores  by  smelting  them 
in  a  shaft-furnace  with  coke  or  coal,  and  such  fluxes  as  will  produce  a  slag  which 
does  not  absorb  copper.  The  crude  metal  obtained  is  refined  in  a  low-blast- furnace. 
The  smelting  of  oxidised  ores  is  limited  to  a  few  localities,  among  which  the  Oural 
and  Siberian  works  are  the  most  important.  Large  quantities  of  excellent  and 
very  rich  oxidised  copper  ore  are  found,  but  not  as  yet  wrought,  in  the  islands  of 
Timor  and  Timor-Laout,  and  the  adjacent  islands  of  PoljTiesia. 
^'ofP™*^iS7cSjS5."*^  This  method  owes  its  existence  to  the  application  of  practical 
and  analytical  chemistry  to  metallurgy.  As  copper  is  very  readily  obtained,  even 
from  ores  too  poor  to  admit  of  being  treated  by  the  dry  process,  in  such  a  state  of 
combination  as  to  admit  of  its  being  dissolved  in  water,  and  thrown  down  from  this 
solution  by  the  simple  presence  of  metallic  iron,  the  hydrometallurgical  process  is 
often  advantageously  applied,  One  of  the  oldest  of  hydrometallurgical  methods  is 
that  known  as  the  cementation-process,  performed  by  precipitating  copper  from  a 
solution  of  the  sulphate  of  the  metal  by  means  of  metallic  iron.  Solutions  of  the 
sulphate  occur  naturally  in  some  mines,  and  are  also  artificially  prepared  by  treating 
poor  oxidised  copper  ores  with  sulphurous  acid,  or  by  exhausting  these  ores  with 
hydrochloric  or  dilute  sulphuric  acids,  or  by  roasting  pyritical  ores  and  exhausting 
them  with  water.  The  copper  obtained  by  this  process  is  called  cementation-copper. 
In  the  island  of  Anglosea  the  cementation  liquid  is  conducted  first  into  large  basins 
in  order  that  the  ochrey  and  other  suspended  matters  may  subside,  and  afterwards 
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is  iTin  inUj  the  cementation  tanks  containing  old  scrap-iron  intended  to  mrro  us 
precipitating:  a^nt.  This  scrap-iron  is  occasionally  stiiTcd  np,  so  iia  to  renew  the 
metallic  surfaco  presented  to  the  solution,  The  muddy  liquid,  containing  spon^^^y 
metallic  coppor  and  impurities,  is  run  into  resei-voii^  intended  tor  the  dcpoaition  of 
the  spongy  mass,  which,  iifter  the  supernatant  liquid  is  run  off,  is  dried  in  a  furnace. 
The  material  contains  on  an  average  only  15,  but  may  contiiin  from  50  to  65  per 
cent,  of  coppor.  The  main  body  is  usually  composed  of  basic  sulphate  of  iron^ 
which  is  effectually  removed  by  the  application  of  stirring'  machinery,  such  as  is 
used  in  bnjweries  in  the  mash-tubs.  At  liio  Tinto,  Spain,  and  at  Schmollnitz, 
IIungar5%  cementation-copper  is  prepared  on  a  very  large  ?cale.  In  Norway,  copper 
solutions  arc  treated,  nccoi-ding  to  Sindin g*8  plan,  with  i^ulphurcttcd  hydrogen,  and 
the  precipitate  either  worked  up  for  motallic  copper,  or  for  sulphate  of  copper. 

Inst^^ad  of  sulphur,  larp^e  ipiantitiea  of  iron  pyrites  containincr  more  or  le*^  coppor  art 
bnrnt,  and  the  siilf>hTiroaa  acid  obtaioeti  applied  in  the  Mianufaoture  of  stilphuric  acid. 
The  spent  pyrites  i^  frequently  treated  hydrornetjillurgioally  with  a  solution  of  cldoride  of 
iron^  the  ctTpper  bc'ing  precipitate  hj  means  of  sulphuret  of  iron.  Poor  o<^hrey  eoppcrl 
onsa  aro  often  worked  up  to  obtain  sulphate  of  copper,  by  ttomo  method  auit^ible  to  tlfcft 
locality;  for  instance^  roasting  with  iron  pjTit^i  or  ^^^th  coppera,**.  It  pays  in  Homc 
instanocis  to  roa«t  pyritical  copper  ores,  aiid  after  rousting  to  treat  them  for  obtaining 
cemtji'     ■  itper, 

ctooi  Copper  clc<>trolytically  precipitated  in,  provided  piue  materiahi  ar 

^^^'  optTated  upon,  wid  the  galvanio  current  not  too  strong,  t}ie  pw 

obtainable.    This  loothod  has  been  propoaed  and  even  tried  on  a  large  scale  in  Italy,  inl 
order  to  8ave  time  and  iron,  and  to  throw  down  the  copper  of  the  cementatiou-tankBc'' 
It  ia  a  generally  known  and  diuly  appUfd  fact  that  copper,  aa  a  coherent  mass,  can  be 
separated  from  sulphate  of  ooppcr  electrolytically. 

l«ropBfiilo  of  copptT.      The  peculiar  and  reallv  beautiful  red  colour  of  copi>er,  the  only  metal , 
eo  distiiiguiHhfxl,  is  t^oo  well  known  to  need  mention.     It  is,  altliougrh  a  hard  and  toujrii  | 
metal,  »o  ductile  and  malleable  that  it  may  be  drawn  out  to  the  very  finest  wire,  and  i 
beaten  to  extremely  thin  leaves.     Its  malleability  is  inereawd  by  increase  of  temperature, 
and  at  a  low  red  heat  it  con  be  hammered,  rolled,  and  beaten  into  any  required  shape.     Ita 
fracture  is  pranular.     Its  sp,  pr.  is  ^  8*9  ;  one  cubic  metre  weighs  about  8900  kjjtjfl.     Iti 
mclting"-point,  aecordinK"  to  PoniUet,   1200*;    to   Daniel],    i40o\      Thf?   Ifttewt  and  mo 
careftd  rBsearches  on  thii!  topic  have  been  made  by  Dr.  von  KieiuJHlijk  at  tlie  Utrecht  Mint 
and  he  has  found  that  chemically  pure  copper  fuses  \n  an  ntmo»jjher<?  of  hyiirogen  ut 
lyyf ;  that  is  to  say,  at  a  temperature  higher  than  the  TneUing-ix>tiit  of  either  gold  or 
iilver,  as  simultaneoualy  determined  by  an  extensive  %ovii'«  of  exi>eriraentd  made  in 
atmospheres  of  hydrogen.     II  propcrl}^  poled,  as  the  term  runs,  or  in  other  wocdfl,  frea 
fn>m  flulj»oxido,  copper,  when  molten,  i\iyw^  ivadily,  but  when  mixed  i^ith  suboxide  thai  ' 
flow  is  alug-giali.     \ATiile  in  the  mrtlt<rn  state  the  surface  of  the  TJietal  exliibitd  a  beautifnll 
s*Mi-RTeen  colour.     Copper  is  not  stiited  for  the  making  of  castinjrH,  and  probably  thift] 
i>j  due  to  a  pc^cxlliur  etfeet  of  heat  upon  thia  metoly  OA  many  of  its  alloy(*»  er^pecially  th 
with  tin,  ore  very  suit^-d  fur  easitini,'',     3folteil  copper  «ttffiBr»  great  expansion  on  coolingJ 
and  becomes  honeyooml>ed  and  internally  crj-^alline.    Tliis  defect  can  only  be  remedied  I 
either  kiH'ptng'  the  metAl  while  mnlt<?n  under  a  layer  of  charcoal,  or  by  cooling'  it  to  bob 
extent  before  costing  into  mould*,  which  should  be  mode  of  a  gtxxl  eomlucting  material^  80  " 
as  to  cause  the  nipid  c<x>lin^  c»f  the  metal.     Inm  monlda,  interunlly  coated  with  a  layer  of 
bone-ash.  are  the  be^t.     Small  quantities,  0*1  percent,  of  /inc»  leojl,  jwtassium,  and  other 
metals  add<4  to  th<?  molt/ni  e<ippr'r  enttrelj'  dejtrive  it  of  tho  propertv  of  expandinpr  and 
becoming-  honeycombed  on  wKilin^;  the  same  effect  ia  observecl  wtien  copper  hohls  in 
iMjlution  a  ^cmoll  quantity  of  suboxide,  but  this  fact  ia  not  available  for  any  practical  use, 
as  such  copper  is  eold-i*hort.*     Just  l>efore  cooling'  the  voasel  exhibits  tlie  phenomenim  of 

rinff,  the  flying-  aVwut  ot  small  ^lobides  of  coppc^r,  ace/jmpanied,  if  large  quantities  of  j 
metal  am  treatel,  bya  di»tinetly  atniible  n:"iiort.     Tlils  phenomenon  app<'iirs  to  \m\ 
dtia  to  a  cause  similar  to  that  prtxlueing  it  when  silver  is  ctperatcd  upcm,  vi/.,  the  vioh'nt  * 
aacpolsion  of  previously  absorl>etl  oxyj^fi^u.     At  a  very  hi ^h  tempera tiue,  and  with  free 
AOOMS  of  air,  or  tmder  the  iufluonee  o^  cleetrieity,  ropp^^r  luims,  jurivinp-  a  brilliant  green 
lUllie.     In  et>un tries  where,  as  in  Sweden,  Rusiqa,  and  Holland,  the  roofs  of  cbun^hes  and 
Otlier  large  buildings  are  covered  with  copper— tlio  most  expensive  at  the  first  outlay,  but 
the  moot  lasting  mnteri.d  f'»r  roofing  pnr|K*seft-  the  phenomenon  of  the  bumiog  of  copper 
b  mw  and  then  witne^se*!  on  a  very  hirg©  scale  when  flres  accidentally  occur.  Copper-lilingii 
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aio  used  in  pyrotoohny,  for  produoing'  a  green  flame.  Dry  air  docs  not  affect  copper, 
unless  sulphuretted  hydrogen  and  ouier  ^phurous  emanations  are  present;  but  moist 
air  causes  tho  copper  to  l»ecome  covered  with  carbonate  of  hydrated  suboxide  of  copper, 
verdigris,  or  rust.  Experience  has  proved,  in  the  case  of  copper  roofs,  that  this  material 
protects  the  subjacent  metal,  and  adheres  to  it  with  great  tenacity.  When  solid  masses  of 
copper  are  heated  they  at  first  assume  an  iridescent  rainbow  hue,  and  next  become 
covered  with  a  brownisn-red  coloured  suboxide,  which,  if  the  heating  is  continued,  becomes 
black  oxide,  technically  known  as  copper-ash,  or  coppor-forge  scale.  In  order  to  remove 
this  oxide,  when  the  copper  is  to  be  rolled  into  sheets,  &c.,  the  metal  is  dipped  into  what 
is  termed  a  picMe — a  solution  of  ammonia  and  common  salt,  and  on  being  taken  out  is 
brushed  with  a  heather-broom.  Copper,  as  usually  met  with  in  commerce,  is  not  by  any  ' 
means  pure,  but  contains  variable  quantities  of  other  metals,  among  which  are  chiefly 
iron,  antimony,  arsenic,  lead,  tin,  zinc,  and  sulphur ;  Dr.  Keischaucr  found  in  perfectly 
malleable  copper  no  less  than  1*48  per  cent,  of  impurities  insoluble  in  nitric  acid,  li 
this  quantity  is  only  slightly  increased,  the  quality  of  the  copper  is  so  impaired  that  it  is 
not  only  unfit  for  being"  rolled  and  hammered,  but  also  for  casting  statues  (always  alloyed), 
because  such  copper  loses  its  peculiar  colour,  and  does  not  withstand  atmospheric  influ- 
ences. Copper  is  largely  used  for  various  purposes,  among  which  we  name  only  a  few — 
vacuum  and  other  pans  in  sugar- works;  distillery,  brewery,  and  other  apparatus;  for 
eovering  wooden  sea-going  vessels,  and  for  a  variety  of  generally  well-known  purposes. 
Dr.  Steinbeck  found  mat  refined  Mansfcld  copper,  analysed  1868,  contained  in  100  parts — 

Copper 99-28 

Silver       0*02 

Nickel      0*32 

Iron         0*06 

Lead        012 


loo-oo 
The  total  annual  production  of    copper  over  the  entire  globe  amounts    (1870)    to 
i,3oo,(XX)  cwts.,  of  which  England  alone  yields  fuUy  350,000  cwts. 

Aiioyt  of  Copper.  There  aro  several  alloys  of  copper,  among  which  bronze,  brass,  and 
Ghjroan,  or  nickel  silver,  are  the  chief. 

Bronie.  Alloys,  Consisting  of  copper  and  tin,  or  of  copper,  tin,  and  zinc,  or  of  copper 
and  aluminium,  all  bear  the  name  of  bronze.  The  addition  of  any  of  these  metals 
to  copper  renders  it  more  fluid  when  molten,  and  hence  better  suited  for  castings, 
as  well  as  denser,  and  consequently  more  easily  polished ;  alloys  are  harder,  more 
sonorous,  and  (the  aluminium  alloy  excepted),  far  cheaper  than  copper  itself. 
The  addition  of  from  0*13  to  0*50  per  cent,  of  phosphorus  to  these  alloys  renders 
them  more  homogeneous  and  malleable.  The  chief  varieties  of  bronze  in  use  are 
known  as  (a)  bell-metal,  (3)  gun-metal),  and  (7)  statuary  metal. 

(a).  Boll-metal  consists  on  an  average  of  78  parts  of  copper  and  22  parts  of  tin. 
It  should  be  sonorous,  hard,  and  strongly  cohesive.  Being  a  brittle  alloy  it  cannot 
be  worked  on  the  lathe ;  hence  the  desired  sound  or  musical  noto  of  a  boll  depends 
entirely  upon  the  shape  given  in  the  casting,  and  upon  the  constituents  of  tho  alloy. 
In  order  to  save  tin,  zinc  and  lead  are  sometimes  added,  but  too  much  of  these 
impairs  the  goodness  of  the  alloy.  It  is  an  error  to  mix  silver  with  this  alloy,  in 
order  to  render  it  highly  sonorous ;  analyses  made  of  bell-metal  cast  in  tlie  middle 
ages  in  various  countries,  prove  the  absence  of  silver  from  such  metal,  traces  only 
being  present  as  an  impurity. 

(/5).  Gun-metal  consists  on  an  average  of  90  parts  of  copper  and  9  of  tin.  This 
alloy  should  combine  mechanical  and  chemical  durability.  As  regards  its  mechanical 
properties,  the  metal  should  be: — i.  Tough,  so  as  to  prevent  the  piece  or  gun' 
bursting  while  the  charge  is  being  fired,  during  which  operation  the  metal  is 
exposed  to  a  pressure  of  from  1200  to  1500  atmospheres.  2.  Elastic,  so  that  the  gun 
may  be  able  to  yield  to  some  extent  to  the  smart  shocks  occasioned  by  the  evolution 
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of  gas  during  firing.  3.  Ilartl,  so  tliat  the  motion  of  the  ball  should  not  cause  any 
dumagp  to  tho  interior  of  the  pin.  As  reganis  chemical  durability,  the  alloy  muBt 
resist  tho  action  of  air  and  of  tho  products  of  combustion  of  powder  and  gun-cottoii 
Rt  high  temperatuix)8.  Gun-infstal  answering  these  requirements  is  unfortunately 
subject  to  what  is  termed  liqnation  ;  that  is  to  saj»  while  in  the  molten  state  it 
Boparatos  into  two  qnalities  of  alloy,  one  more  fluid  ami  couiaiuing  nioi*e  tin  than 
the  other.  This  separation  makes  the  casting  of  guns  in  this  alloy  a  difficult  matter, 
becanse  the  homogeneity  of  the  mixture  is  uneertxiin.  It  appears,  howcTer^  that  the 
addition  of  from  o'i2  to  0-5  per  cent  of  phosphorus  reraedies  thed'^ft^ct.  Gun-metal, 
howover»  is  fast  bcittg  superseded  by  steel  in  the  luanufacture  of  ordnance, 
MM.  Mftrits!,  at  the  Hague,  hare  for  several  generations  been  renowned  lor  the 
superiority  of  their  guu-motal  manufacture,  which  is  still  punsued  by  them. 
According  to  a  stat<ement  in  the  **  Handwdrterbuch  der  Chemie  "  (Art.  **  Geschiitz- 
mohdl,")  the  alloy  employed  by  them  consists  of  o*6g  percent.  Fe,  88*61  per  cent.  Cu, 
and  10*70  per  cent,  Sn;  generally  thtiquantit^^  of  tin  amounts  to  from  9  to  11  percent. 
{y,)  Statimry-bronze  for  ornamental  puqioscs  consists  of  cojvper,  tin,  lead,  and 
sane,  It  is  requisite  that  while  molten  this  alloy  shouUl  be  Tcry  fluid,  so  as  to  fill 
every  part  of  the  mould.  After  cooling,  the  metul  must  admit  of  being  chiselled, 
and  by  exposure  to  air  it  should  assume  what  is  termed  patina — a  peculiar  greenish 
black  hue.  The  statue  of  Lonis  XIV.  at  Paris,  made  iGgg,  eonsii^ts  of— copper, 
#)r4o;  zinc,  5'53 ;  tin,  170;  load,  1-37.  The  etatue  of  Henri  IV,  on  the  Pont 
Xeuf  at  Paris,  consists  of — copper,  8g'62 ;  zinc,  40* 20;  tin,  570;  lead,  0-48. 
Aluminium-bronze  (90  parts  copper  and  10  aluminium)  is  used  for  various  oma*  _ 
mental  purpOiH^^,  cliieily  in  imitation  of  gold.  ^^H 

iiniM.  This  alloy  has  Ikh^u  known  from  a  vorj^  remote  period.  Zinc  and  coppei^B 
form  Taiioua  alloys,  but  brass  only  is  technically  applied,  and  contains  on  an  average 
30  per  cent,  of  Kinc,  The  colour  of  the  alloy  is  inclined  to  red,  when  the  quantity 
of  zinc  is  small,  and  t<i  yellow  or  whitish-yellow  when  tlio  quantity  of  zinc  is 
increased.  The  ductility  and  malleabilitj*  of  the  alloy  increase  with  the  quuntity 
of  copper.  Brass  may  be  hammered,  roDod  into  sheets,  or  drawn  to  wire  while  cold, 
but  cannot  bo  worked  hot.  The  so-called  yellow  metjil,  Muntz's  patent,  an  alloy 
of  40  parts  of  zinc  and  60  of  copper,  ma}*  bo  wrought  while  red-hot,  rolled  into 
sheets,  and  forged  into  bolts.  It  is  chiefly  used  for  marine  pui*po8e^,  including 
the  intcmul  iininf^  of  air  pumps  of  rajirine  steam-engines.  Brass  is  not  so  readily 
oxidised  as  copper,  being  harder,  tougher,  more  easily  fusible,  and  more  fluiil  while 
molten.  It  solidifiea  without  becoming  honeycombed,  and  hence  is  suited  for 
making  all  kinds  of  castings ;  while  simply  by  the  addition  of  from  1  to  2  per  cent, 
of  lead,  it  is  capable  of  being  readily  worked  on  the  latbo,  and  may  bo  then  filed 
without,  as  it  otherwise  does,  clogging  the  tcclh  of  the  file. 

Brass  is  made  by  oay  of  the  following  nuftlijods : — 1.  By  melting  together  a  mixture  of 
ealamiiie  stone  and  black  or  blistered  copper  under  a  laver  of  charcoal,  2.  By  f^imply  tnelting 
together  zino  and  refined  copper.  The  nrst  method  is  the  oldcht,  and  ih  ^till  carri<^  on 
in  fumaoea  arranged  so  that  they  may  contoin  from  7  to  9  fire-clay  crucibles  at  the  same 
time.  These  onidbles  are  fillod  with  th<*  noccfl&iiry  materials,  vi«.,  proHoualy  roasted 
zinc  ore,  or  rostduea  from  rinc-imiclting  funiact'«.  ami  copper.  As  br  the  use  of  calamine 
.stoae,  only  tome  27  to  28  per  cent,  of  zinc  win  be  impartcHi  to  the  alloVt  it  is  \i»nn\  to  add, 
preriaiisly  to  poanng  out  the  molteii  alloy,  atiothcr  quantity  of  cal amino  stone,  rather  to 
prevent  any  loss  of  jtinc  by  iguitiou  than  to  increase  the  quantity  of  that  metiJ.  In 
lormGr  times  the  majtufdcture  of  bTuca  was  carried  on  in  two  distinr-t  uperations,  one 
bein^  the  prepBration  of  nn  alloy  containing  only  20  per  cent,  of  «nc,  known  as  arco- 
tmelting,  and  the  other  *J»e  oooTenioB  of  the  arco  into  brass  by  0  second  smelting,  and  tbf 
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addition  of  zinc.  At  the  present  time  the  manufacture  of  brass  consists  in  simply  placing 
alternate  layers  of  copper  and  zinc  in  fire-clay  or  graphite  crucibles,  and  then  smelting 
the  two  metals  under  a  thick  layer  of  charcoal.  The  alloy  is  cast  in  granite  mould^ 
surrounded  by  a  thick  coating  of  clay  and  cow-dung,  or  sand-moulds.  Occasionally  sheet- 
copper  is  converted  into  brass  by  exposing  the  sheets  to  the  fumes  of  metallic  zinc. 
Among  brass  alloys  we  may  notice  the  following : — Tomback,  or  red  brass,  consisting  of 
85  parts  of  copper  and  15  of  zinc.  Dutch-gold,  a  gross  misnomer,  as  none  of  it  is  made 
in  Holland,  and  as  the  term  really  applies  to  a  very  pure  gold  coin,  the  ducat,  still  made, 
although  not  current,  in  Holland,  at  the  Utrecht  Mint.  The  brass  alloy  thus  named  con- 
sists of  n  parts  of  copper  and  2  of  zinc,  and  is  made  chiefly  at  Niimberg  and  Fiirth, 
Bavaria,  for  the  purpose  of  being  beaten  into  very  thin  leaves.  The  alloy  termed  Aich- 
metal,  and  consisting  of  60  parts  of  copper,  38*2  parts  of  zinc,  and  i'8  parts  of  iron,  is  in 
reality  malleable  brass.  Sterro-metal,  though  very  much  harder,  is  similar  to  the  fore- 
going in  composition. 

The  well-lmown  yellow,  or  Muntz,  metal,  largely  used  in  this  country  for  marine  pur- 
poses, coating  ships,  &c.,  is  an  alloy  of  copper  and  zinc  in  proportions  varying  from  50  per 
cent  of  zinc  and  63  of  copper,  to  ^9  per  cent,  of  zinc  and  jo  per  cent,  of  copper.  The  alloy 
in  use  for  coins  of  small  value  in  tms  country,  France,  and  Sweden,  consists  of  95  parts  of 
copper,  4  parts  of  tin  and  i  of  zinc.  The  alloy  used  for  this  purpose  in  Denmark  consists 
of  90  parts  of  copper,  5  of  tin,  and  5  of  zinc.  Bath-metal,  or  white  brass,  consists  of  55 
parts  of  copper  and  45  of  zinc.  An  alloy  used  for  buttons  consists  of  20  parts  of  copper 
and  80  parts  of  zinc.  The  bronze  colours  (powdered  alloys  of  copper  and  zinc),  now 
largely  used  for  bronzing  painted  surfaces,  as  well  as  for  lithochromy  and  various  other 
purposes,  are  obtained  from  scraps  of  metal  rubbed  down  with  oil,  tallow,  or  wax,  and 
turpentine.  The  various  beautiful  colours,  violet,  copper-red,  orange,  gold-yellow,  green, 
are  due  to  partial  oxidation.  These  bronze-colours  are  not  to  be  confounded  with  a  beau- 
tiful substance  known  as  mosaic  gold — aiirum  musivum — bisulphide  of  tin.  Analyses  show 
the  proportions  in  these  alloys  to  be — 

Forbrightcolours ( ^^f  ^      ;;     ^3 

For  red  or  deeper  colours        . .  |  ^^^  \ '     ^^^ 
For  copper-red  colours    ....  100 

Chemical  analysis  has  also  proved  the  quantity  of  copper  to  amount  to— 

a.  In  French  bronzes :     Copper-red  colour     . .     . .  97*32  per  cent. 

Orange        ..• 94*44      „ 

Bright  yellow 81-29      »» 

/3.  In  English  bronzes  :  Orange        90*82      „ 

Deep  yellow       82*37      „ 

Bright  yellow 80*42      „ 

7.  In  Bavarian  bronzes:  Copper-red         98*92      „ 

Violet 98*82      „ 

Orange        95*30      „ 

Deep  yellow       81*55      »» 

Bright  yellow 82*34      „ 

®*^"wr*'^^  German,  or  nickel  silver,  also  called  Argentan,  packfong,  or  white  ' 
copper,  is  an  alloy  of  copper  with  nickel  and  zinc,  or  tin,  and  may  be  considered  as 
a  brass  to  which  from  one-sixth  to  one-third  of  nickel  has  been  added.  This  alloy 
appears  to  have  been  known  in  China  from,  a  very  remote  period ;  in  Europe  it  has 
been  more  generally  in  use  during  the  last  thirty  years.  The  colour  is  nearly 
silver- white ;  its  fracture  small-grained  and  compact;  sp.  gr.  =  8*4  to  87.  It  is 
harder,  but  yet  quite  as  ductile  as  ordinary  brass,  and  takes  an  excellent  polish.  It 
is  prepared  by  melting  together  the  granulated  metals,  zinc,  copper,  and  nickel ; 
these  metals  are  put  into  a  crucible  in  such  a  manner  that  copper  is  at  the  bottom 
as  well  as  the  top,  while  a  layer  of  charcoal-powder  covers  the  whole.  Care  is  taken 
to  stir  the  mass  with  an  iron  rod.  Nickel-silver  of  good  quality  has  the  appearance 
of  a  silver  alloy,  containing  one-fourth  of  copper.  Nickel-silver  is  capable  of  as- 
suming an  excellent  polish,  and  is  not  readily  acted  upon  by  vinegar  and  the  ordinary 
adds  in  culinary  use ;  hence  it  is  used  for  spoons  and  forks. 
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Avenige  German-ftilyer  consiata  of — 

Copper      so — SS^o 

Zino   ..  19—310 

Nickel  13— iS  5 

At  SbefBeld  the  following  Turit^tiefi  uf  tiiid  ali^jy  are  utuJc : — 

Copper.      Nicke  Zinc. 

Oommoiii      S  2  3-5 

WHte S  2  3'5 

Electrum     ....,.,,     ii  4  3*5 

Infusible ,,        S  G  3*5 

TutcDAo 8  3  65 

When  tried  on  the  touchstone,  nickel-silver  is  hardly  distiiiguishable  from  the 
eilTer  alloy  just  montioucd,  but  on  Qpplyiii;^  nitric  acid  to  the  streak  caused  by  the 
nickol  alloy,  it  Ls  more  nipidly  dissolved,  and  by  adding  a  few  drops  of  chloride  of 
aodinm  solution  no  turbidity^  or  procipitab?  of  chloride  of  silror,  is  produ^od  on  the 
fitone*  The  alloy  known  oa  Aliieiiidei  used  fur  making  tea-pots,  sugar-basiuB^  milk- 
ewers,  and  sinjUar  articles,  is  nickei-silvei\  thickly  electro-plated  with  pure  silver,  the 
fjuautity  of  silver  amounting  toabout  z  percent,  Thealloy,  known  fisfi^ers-ar^m*  (one- 
third  silver),  consists,  aocgrding  to  Dr«  C,  Winkler's  analysis  (see  *'  Chemical  News/* 
vol.  xxii.,  p.  225),  of— Copper,  59*06;  silver,  27*56;  zinc,  9*57;  nickel,  3*42, 

Sinoe  1S50  tho  Swiss  Confedemtioii  bus  brouglit  into  circulation  a  series  of  small  coioii 
{m^fmaii  UiU^n)  which  oontain  in  1000  parts  : — 

saver.  Copper.  Zinc.  Nickel 

Pieces  of  20  Rappen  ,,  150  500  250  100 

„        10        „       ......         100  550  250  100 

M  5        „,•*..,  50  600  250  100 

Theee  eoioa  arc  not  turned  rod  by  wear,  but  assume  a  yellowish  hue.    In  Belgium  %h» 
5.  to,  and  20  ceutime  ploces  are  made  ol  on  liDoy  of  ^5  parts  of  nickel  and  75  parte 
chopper;  while  tho  United  States'  cent  piooes  contain  13  parts  of  nickel  and  88  of  coppe_ 
llio  alloy  known  on  the  Continent  as  Suhler' »  wMte  copper,  consists  of  8$  parts  of  coppdv' 
875  parts  of  nickel,  und  175  parts  of  antimony. 

Amiifram t.f topper.  By  the  name  of  met.illii:?  cement  is  understood  an  amalgam  of  30  parta 
tif  copper  and  70  |>arts  of  mercury.  It  is  obtained  by  moistening  piurorised  copper, 
obtained  in  a  sponitcj^  state,  by  reducing  its  oxide  at  a  low  red  heat,  by  means  of  hydrogen 
widb  nitrate  of  suboxide  of  mercury,  care  being  taken  to  inoorporato  tlua  saline  solution 
Uuwoughly  with  tho  copper,  wMle  adding  hot  water.  This  cement,  at  first  soft,  hardens 
in  a  few  boun^.     It  has  oeen  snocessfuUy  applied  in  stopping  decayed  teeth, 

PllErAKATIONS  OF  CoPrEl!. 

Btu^rilfSSper.     ^^^^  ^^^  ^^  '^^^  ^^^  naturally  in  kidney-shaped  masses,  or  as  ao^ 
outer  covering  of  minerals  containing  copper,  as  well  as  in  solution,  as  relerrod  to 
under  Cementation -copper.    Sulphate  of  copper,  blue-  or  Cyprus -\itriol,  crystallises 
in  the  shape  of  triclinohodrical  blue-coloured  crj'stals,  soluble  in  2  parts  of  hot  and 
4  of  cold  water,  and  insoluble  in  alcohol.     icm>  parts  of  the  salt  contain: — 

Sulphuric  add       . ,      ,  32*14 

Oxide  of  copper 5179 

Water     . ,     ♦ . 36-07 

Formula  ;— CuSO^  +  sH/J. 

Xuioj  Chemically-pure  sulphate  of  copper  is  obtained  by  heating  metallic  copper* 
with  concentrated  sxilphuric  acid;  the  metal  ib  oxidised  by  a  portion  of  the  oxygen  of 
the  acid,  wlulo  hulphtiroua  acid  escapes  (Cu -J-  2X14804  =  CuS04-(-  211^0 -f  SO*),  If 
the  metid  i^  previously  converted  into  oxide  of  cojiperby  exposure  to  a  red  hent,  only 
httif  tho  quantity  of  eulphuric  acid  ia  roquirod.   Sulphate  of  copper  is  manufactured 
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on  a  large  scale  by  any  of  the  following  processes  : — i.  By  the  evaporation  of  cemen- 
tation-water  until  crystallisation  is  attained.  2.  By  heating  sheets  of  copper  in  a 
reverberatory  furnace  to  the  boiling-point  of  sulphur ;  a  quantity  of  that  element 
being  then  thrown  in,  and  the  flues  and  other  openings  closed,  the  effect  is  the  forma- 
tion of  sulphide  of  copper  (CuaS),  which  is  converted  by  a  comparatively  low  heat 
and  the  action  of  the  oxygen  of  the  air  into  sulphate  (Cu^S  +50  =  CUSO4  +  CuO). 
The  mass  is  next  placed  in  a  suitable  vessel,  and  as  much  sulphuric  acid  is  added  to 
it  as  is  sufficient  to  saturate  the  oxide  of  copper.  The  clear  solution,  having  been 
decanted  from  the  insoluble  residue,  is  set  aside  for  crystallisation.  3.  By  treating 
the  crude  copper  obtained  by  smelting  the  ores,  and  containing  about  60  per  cent,  of 
metal,  with  sulphuric  acid.  The  resulting  solution  is  evaporated  in  leaden  vessels, 
and  the  clear  liquid  left  to  crystallise  in  copper  pans.  From  the  mother-liquor  of  the 
crystals  metallic  copper  is  precipitated  by  means  of  iron,  because  the  presence  of  a 
large  quantity  of  sulphate  of  iron  renders  this  mother-liquor  unfit  for  the  further 
making  of  blue- vitriol.  This  method  of  obtaining  sulphate  of  copper  is  the  least 
expensive,  but  the  salt  is  not  quite  pure,  containing,  according  to  M.  Herter's  analysis 
of  Mansfeld  blue- vitriol,  about  3  per  cent,  of  sulphate  of  iron,  and  0*083  P^r  cent,  of 
metallic  nickel.  Very  frequently  the  scraps  and  refuse  of  copper  smithies,  copper- 
scale,  and  other  residues  of  that  metal,  are  used  in  preparing  sulphate  of  copper. 

4.  At  Marseilles,  malachite  is  dissolved  in  sulphuric  acid  to  obtain  blue-vitriol. 

5.  In  Norway,  iron  pyrites  containing  copper  are  roasted  and  treated  with  water,  the 
copper  contained  being  precipitated  with  sulphuretted  hj-drogen,  and  the  sulphide  of 
copper,  when  dry,  converted  mto  sulphate  by  exposure  to  a  gentle  heat.  6.  Largo 
quantities  of  sulphate  of  copper  are  obtained  as  a  by-product  of  silver-refining, 

.  especially  when  silver  is  treated  for  the  purpose  of  extracting  tlie  gold  it  contains,  by 
fioiling — usually  silver  coins,  chiefly  Mexican  and  Peruvian  dollars— with  strong 
sulphuric  acid;  sulphate  of  silver  and,  as  the  coins  contain  some  copper,  the 
sulphate  of  that  metal,  are  formed,  while  the  gold  is  loft  as  an  insoluble  substance. 
The  silver  is  reduced  to  the  metallic  state  (Ag2S04  +  Cu=  CuS04-|-2Ag)bymcansof 
sheets  of  copper  placed  in  the  acid  solution,  which  is  previously  diluted,  and  which, 
after  having  been  decanted  from  the  sediment,  spongy  metallic  silver,  yields  on 
evaporation  a  very  i)ure  sulphate  of  copper.  7.  Sulphate  of  copper  is  also  obtained 
as  a  by-product  of  the  hydrometallurgical  process  of  extracting  silver,  or  Ziervogcl's 
process.  In  order  to  separate  the  sulphate  of  iron  from  the  crude  blue-vitriol,  as 
obtained  at  copper-smelting  works  from  various  cupriferous  refuse,  the  crude  salt 
is  roasted  so  as  to  bring  about  a  partial  decomposition.  By  this  means  the  suli)hate 
of  iron  is  decomposed,  and  the  oxide  of  that  metal  formed  is  insoluble  in  water.  The 
saline  mass  is  dissolved  in  water,  and  the  clear  solution,  decanted  from  the  sediment, 
evaporated  to  crj'stallisation.  According  to  Bacco's  plan,  the  cinido  blue-vitriol  \a 
dissolved  in  water,  and  carbonate  of  copper  added  to  the  solution,  to  cause  the  pre- 
cipitation as  oxide  of  all  the  iron  present;  while  an  equivalent  quantity  of  oxide  of 
copper  is  dissolved  and  converted  into  sulphate.  The  purified  sulphate  of  copper 
solution  having  been  filtered  is  evaporated  and  left  to  crystallise. 

D.TiW.'-Yitrioi.  Under  the  name  of  double-vitriol,  a  mixture  of  the  suliJiaies  of  copper  and 
iron  crystallised  together,  and  sometimes  containing"  Avhite  vitriol,  i8  met  with  on  the 
Continent.  The  Salzburg  vitriol,  known  by  the  brand  of  a  dou'olo  eagle,  contains  abont 
76  per  cent.,  the  Admont  83  per  cent.,  and  the  double  Adinont  80  per  Qont.  of 
sulphate  of  protoxide  of  iron.  Of  later  years,  however,  these  vitriols  have  boen  less  \x\ 
demand. 
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AetrUciiUuM  or  Ab  tho  basG  of  tbe  pigments  obtainable  from  copj^^r,  the  mdpliAtG  is  very 
BlutsVttikiU  frequently  used,  and  Ao'uld  Iw  pure,  or  at  least  frte  from  tho  aujpbatea  of 
^^,  ..  n,,.!  zinc.  Blue'Vitriol  also  ftcncs  fur  the  manufacturo  of  acctato  of  copifor^  for 
iron,  for  bringing  out  the  colour  of  alloys  of  gold.  It  is  used  in  dytinjer  find  I 
I  :■  ■  Li  varioua  ways,  for  t^vano-plastic  purpos<?a,  and  during  the  last  twenty  yeap»^ 
large  quantities  of  this  salt  hare  been  »ent  to  Mexico  and  Peru  to  be  applied'  in  the 
American  amalgamation-proce;^*  of  extracting  silver. 

f>f^fnv\pne«\M.  Among  the  many  pigments  which  owo  their  blue  or  greim  coloui 
essentially  to  coppr?r,  wo  mny  treat  of  the  following : — ^i,  Brunswick-green.  2, 
Bremen -green  and  Bromcn-bluo.  3.  Casselmann's-grcen,  4,  Mineral-green.  5. 
Bchweiufurt-green,  also  known  as  omorald-green.  Many  of  the  pigment^J  m«?n^ 
tion<3d  here  by  their  German  natucs  aro  known  in  this  country  by  other  denotnina 
tione,  but  aro  not  for  that  reason  any  different  in  eoni position. 

itf».ii*wkit-arM?n.  Under  thia  name  several  compounds  of  copper  are  applied  aa  oO-paijjts. 
The  pigment  now  chiefly  in  use  bearing"  this  name  is  Waic  eiirbonate  of  oxide  of  coppe 
(OuCOa-l-CtilLjOj,  an  imitation  of  mountain-  or  mimral-gref^u,  and  obtaiuoi  from  eithe  ^ 
nnely  pulverised  ma  lachit4?  or  the  sediment  often  mot  with  in  cupriferous  cementation-' 
Uquidfi.  Brunswick- green  is  prepared  on  a  large  scale  by  the  decomiiosition  of  sulphate  of 
iixm  by  means  of  cither  carbonate  of  sodii  or  carbonate  of  lime,  nml  in  otlier  cases  by  the 

The  enduing  pre«ci- 

IKt  or  Inr^r  quan- 

Seh  weint  iirt*gTeen 

(nceto-arstTiite  of  coppery  in  order  to  obtam  the  deaired  hue.  Another  variety  of  Bruns- 
xvick-gTV^n,  rarely  met  T*nth  in  the  present  day,  appears  to  be  a  kind  of  artificiafly-prq)are<l 
ataoamitc,  an  oxvchloride  of  copper,  the  formula  of  whioh  is,  according  ^J  Ritthau£en, 
CuCl,.3CuO-|-  3H,a. 

^bTi^"!!' uJSJo*  Thcj»e  eubstaneea  aro  essentially  hydrated  oxide  of  copper,  and  are 
mot  with  as  a  very  bright  bhio  epongy  mass  with  a  grf^juish  hue.  Tho  yalue  is 
greater  according  to  tho  finer  blue  colour  and  loose  spongy  texture.  When  used  with 
water,  gum,  or  glue^  this  pigment  yields  a  bright  blue  colour,  hence  its  first  name; 
but  when  it  is  mixed  with  linseed-oil,  the  blue  colour  turns  within  twenty- four  houra 
to  green,  xn  consequence  of  tho  saponification  of. tho  oxidoof  copper,  which  I)ecomes 
ideate,  palmitate,  and  linoxate  of  that  boso.  Bremen -groen  occurs  in  various  huea 
obtained  by  mixing  the*  precipitate  with  woU-cleansed  gypeum.  At  the  present  time 
tho  pigment  i«  generally  obtained  fi"om  oxychloride  of  copper  (CuClj,3CuO  +  411^0), 
This  preparation  may  bo  made  in  various  ways,  pro\*ided  care  be  taken  that  the 
light  green  paste — technically  known  as  oxide— contains  no  protochloiide  of  copper 
(CuaCl»),     Oentelo's  method  is  as  follows : — 

I,  1 1 2' 5  kiloa.  of  eouunon  salt,  and  lit  Mlo«,  of  sulphate  of  copper,  both  fr«?e  from  iron, 
are  gromid  together  with  mffioieat  water  to  promoto  reaction.  2.  U2'5  kilos,  of  old 
copper  sheeting  is  cut  into  pieces  a  equaie  indi  m  size,  and  placed  with  water  aeidulatetl 
with  sulphuric  acid  in  rotatmg  casks  90  as  to  remove  all  rust,  oxide  and  oxvcliloride,  from 
this  metttl,  which  Is  next  wauied  with  water.  3,  The  clean  metal  thus  obtainfxl  is  next 
placed  in  what  ia  known  aa  oxidation -closet«t  and  covered  for  a  thickness  of  hnlf-an-inch 
with  the  paafce  mentioned  above.  A  mutual  action,  aided  by  that  of  the  atmo^phorr,  is 
iot  up,  the  result  bf  H  -  *^  *  *^  ^  ^  -  '  ^  ,.  ,  ^  ^  ^j,^  takcaup  copper,  becoming  pn>to. 
diloride ;  this  in  its  r  r  inosphero  sod  water,  ami  thus  l^ecomes 

eoiivertod  into  tho  gc  Iratedoxidoof  copper,  the  action  beings 

gTcatly  aided  by  the  turning  ovtT  ot  the  ma^a  with  a  cfijUKT  Kpade  ever^'  two  or  thi 
days*  As  the  treatment  of  protoehioride  of  eotiper  with  alknUes  or  alkaline  earths  gii 
rise  to  the  sepamtion  of  red  op  yellow-coloureu  suboxide,  tlie  ma«s  should  not,  on  '    * 

tested  and  previous  to  further  Cfpcmtionfl,  yield  even  the  faintest  indication  of  the  pr.^ 

of  suboxide,  since  the  slightest  trace  would  sjwtil  the  huo  of  the  pigment  to  ije  obtained, 
conaequently  in  some  works  the  pasty  mass  is  h  f t  ftir  years  licfore  it  \»  used  for  further 
operations.  Tlie  uetion  is  aecelcnit<>d  by  causing  the  miiMS  to  become  dry  beforc  tuminc  it 
over  with  the  spuh' ;  the  eonsequtnre  being  that  the  air  gets  thorough  access,  and  a  torn- 
pletCf  oxidation  i*  obtJiiued  in  abr»ut  three  to  five  months  time.  Tlie  mass  m  then  cleanned 
with  ihxi  fiiiuiUosI  powiblo  i|iiaatity  of  watcr^  and  ia  thua  separatcsd  from  the  non-oxidiiied 
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metallio  copper.  4.  To  some  6  gallons  of  this  cleansed  material  are  added  6  kilos,  of 
hydrochloric  acid,  and  this  mixture  is  allowed  to  stand  for  about  two  days.  5.  Into  a 
tank  or  tub — the  blue  tub — are  poured  some  15  gallons  clear  colourless  potassa-lye.  This 
having  been  done,  the  acid  mixture  is  first  dilut^  with  some  6  more  gallons  of  water,  and 
then,  as  rapidly  and  expeditiously  as  possible,  poured  into  the  blue  tub,  the  .mixture  being 
continuously  stirred.  The  result  of  this  last  operation  is  that  the  previously  basic  copper 
compound,  converted  by  HCl  into  neutral  cupric  chloride,  is,  when  brought  in  contact 
with  the  potassa,  converted  into  blue-coloured  oxyhydrate  of  copper  or  Bremen-blue, 
while  chloride  of  potassium  is  also  formed.  6.  After  the  mass  has  become  pasty,  it  is  left 
to  stand  for  a  couple  of  days,  and  then  thoroughly  washed  by  diecantation  to  remove  the 
chloride  of  potassium.  The  cupric  oxyhydrate  is  tiien  put  on  cloth  filters,  kept  moist,  and 
exposed  to  the  air  for  some  time.  It  is  next  dried  at  a  temperature  of  from  30"*  to  35**, 
since  at  a  higher  temperature  the  hydrate  of  the  oxide  by  losing  its  water  becomes 
blackish-brown  coloured.  It  is  clear  that  Bremen-blue  can  be  differently  obtained,  but 
these  differences  of  preparation  do  not  bear  so  much  upon  the  precipitation  of  the 
hydrated  oxide  as  upon  the  means  of  obtaining  chloride  of  copper ;  these  means  may  of 
of  course  be  varied  in  many  ways ;  for  instance,  by  causing  a  mixture  of  common  salt, 
dilute  sulphuric,  and  copper  scraps  to  act  upon  each  other,  the  mass  being  afterwards 
exposed  to  the  action  of  the  air ;  by  the  action  of  hydrochloric  acid  upon  copper  and  its 
oxide ;  or  by  partly  decomposing  neutral  nitrate  of  copper  by  means  of  carbonate  of  soda. 
In  this  case  a  precipitate  of  carbonate  of  copper  is  formed,  which,  while  gi\'ing  off  its 
carbonic  acid,  becomes  converted  into  basic  nitrate  of  copper  (CuN  O^  -\-  CuH,OJ,  deposited 
as  a  heavy  green  powder.  A  solution  of  zinc-oxide  of  potassa  (solution  of  zinc- white  in 
caustic  potassa),  is  next  added,  the  result  being  the  formation  of  a  deep  blue  pigment, 
very  spongy  and  very  cover incf  (a  technical  term  in  use  by  painters);  consisting  of  zincate 
of  copper,  with  a  sniall  quantity  of  basic  nitrate  of  copper.  A  magnesia  Bremen-blue  is 
obtained  by  the  precipitation  of  a  solution  of  the  sidphates  of  magnesia  and  copper,  to 
which  some  cream  of  tartar  is  added,  by  means  of  potassa,  care  being  taken  to  pour  the 
saline  solution  into  the  alkaline,  and  to  keep  an  excess  of  the  latter. 

oiMfiimim  ••-Green.  In  tho  y COT  1 86$  Dr.  Casselmann  discovered  this  pigment,  a  beau- 
tiful grean  free  from  arsenic.  It  is  prepared  by  mixing  together  boiling  solutions 
of  sulphate  of  copper  and  an  alkaline  acetate ;  the  resulting  precipitate  is  a  basic 
salt  of  copper  (CUSO4-4- 3CUII2O2  +  4H2O).  After  drying,  this  salt  is,  next  to 
Schweinfurt-grcen,  tho  finest  of  all  colours  obtained  from  copper,  and  being  freo 
from  arsenic,  is  highly  commendable,  though  yet  poisonous,  as  are  most  prepara- 
tions of,  and  especially  acetates  of,  copper. 

Minoni-oreen  This  pigment,  also  known  as  Scheele's-green,  is  not  so  frequently  used 
and  Blue.  now  as  formerly.  It  is  essentially  a  mixture  of  hydrated  oxide  of  copper  and 
arsenite  of  copper,  and  does  not  cover  very  well.  It  is  prepared  by  dissolving  i  kilo,  of 
pure  sulphate  of  copper  in  12  litres  of  water,  to  which  is  added,  whilst  constantly  stirred, 
a  solution  of  350  grms.  arsenious  acid  and  i  Idlo.  of  purified  potash  (carbonate)  in  8  litres 
of  water.  The  resulting  grass-green  coloured  precipitate  is  washed  with  boiling  water  and 
dried.  Another  pigment,  sometimes  known  as  mineral-green,  is  obtained  from  pulverised 
midachite,  or  basic  hydrated  oxide  of  copper.  By  the  term  mineral-blue  is  generally 
understood  a  kind  of  Berlin-blue,  rendered  less  deep  coloured  by  the  addition  of  pipe-clay 
or  other  white-coloured  powders,  but  the  term  also  applies  to  a  pigment  formerly  obtained 
by  grinding  and  washing  the  purest  pieces  of  lazurite  of  copixn:,  a  mineral 

(2CuC03  +  CuH,0,) 
found  in  the  Tyrol  and  near  Lyons.  This  pigment  is  artificially  obtained  in  France, 
Holland,  and  Belgium,  by  precipitating  a  solution  of  nitrate  of  copper  with  caustic  lime 
or  caustic  potassa,  and  afterwards  mixing  the  pre\iou8ly  washed  precipitate  with  chalk, 
gypsum,  or  heavy  spar.  The  pigment  is  sent  into  the  trade  for  use  chiefly  as  a  water- 
Tolour.  Under  the  name  of  lime-blue  a  similar  preparation  occurs  in  quadrangular 
lumps,  obtained  by  precipitating  a  solution  of  100  parts  of  sulphate  of  copper  and 
124  parts  of  sal-ammoniac  with  a  milk  of  lime  containing  30  parts  of  caustic-lime.  The 
precipitate  is  a  mixture  of  hydrated  oxide  of  copper  and  sulphate  of  lime,  according  to 
the  formula  {2CaS>0^y2Kfi'\-'^QiuKfi^,  This  pigment  exhibits  a  purer  tint  Sian 
Bremen-blue,  but  though  it  covers  pretty  well  as  a  water-colour,  it  is  almost  useless  as  an 
oil-colour. 

ofl-Bioe.  A  pigment  which,  when  ground  with  oils  and  varnishes,  yields  a  beautiful 
violet-blue,  and  is  essentially  composed  of  sulphide  of  copper  (CuS),  there  being  applied 
in  its  manufacture  either  the  native  mineral,  known  as  cupreous  indigo,  or  an  artificially 


58 


CHEMICAL   TECHXOLOOY. 


pure 


preparod  aulpbide,  obUlned  by  fusing  finelj-  divided  meUllic  copper  with  hepor-Rulpburia, 
a  mixture  of  several  «ulpbureta  of  potaftaiiun.  The  fiist'd  mass  is  treated  with  wnt^r^  and 
the  sulphide  of  copper  rcmiiina  in  small  blue-colirared  crystiilB,  which,  alter  drying*  are 
ptUvensed  and  mixed  with  oil. 

^''illSiid^iScS?'  '^  This  pignjeiit  is  by  far  tbe  most  beautiful,  but  als*)  tbo  mo«t 
poisonous,  of  all  greeu-colourod  copper  pigments.  In  Germany  this  substance  ia 
known  under  a  number  of  nliases  derived  from  the  peculiar  dtptb  of  hue  asmoditiod 
in  various  manufactories  by  means  of  sulphate  of  buiyta,  sulphate  of  load,  and 
chrome -yellow,  Tbo  constitution  and  mode  of  pn?paration  of  tbi«  pigment  reuminedi 
at  least  on  the  Continent,  a  trade  secret  until  the  researcbe,s  of  MM*  Bruconnot  and 
J*  van  Liubi^  made  tbo  particulars  known.  According  to  Dr.  Ehnnaun, 
emerald-  or  Schweinf art-green  is  an  aceto-arsenite  of  copper  : — 

^*''Cu^''}  Oa-h3(CuO,ARA); 
in  100  parta^-Oxide  of  copper,  31*29;  ai'^enious  acid,  5S*65 ;  ncotic  acid,  to'o6> 
Dr.  R.  Wagner  stiitos  that  this  formula  is  only  empirical,  because  a  portion  of 'Uio 
copper  is  present  as  suboxide,  and  a  portion  of  the  arsenic  as  araenic  acid. 

According  to  Dr.  Ehrmann's  statement,  this  pigment  is  prepared  by  fin?t  «cpartttcly 
dUacil\ing  ©quid  parts  by  weight  of  ar»emoii«  acid  and  ncntrsl  acetate  of  copper  in  boiling- 
inKter,  and  next  mixing  these  BolutionH  while  boiling,  Tliere  is  immediaU4y  formed  a 
floQOulent  oUve-grecn  coloured  precipitate  of  arsenite  of  cop|)er,  while  tlie  ftuiwrnatant 
liquid  contains  free  acetic  acid.  After  a  while  the  precipitate  tK?come3  gradually  crystal- 
line, at  the  same  time  fonning  a  beautifully  green  pigrmeiit,  which  ia  separated  from  the 
liquid  by  filtration,  and  after  washing  and  carefully  drying  ia  ready  for  usr.  The  mode 
i>f  preparing  this  picnicut  on  a  large  scale  was  onginally  devised  by  M.  Bra«x)iinot,  aa 
follows :— 15  kdos,  01  sulphate  of  copper  are  dissolved  in  the  siodlest  posaiblo  quantity  of 
boiling* water  and  mixed  with  a  boilmg  and  concentrated  solution  of  anM^iito  of  soda  or 
potassa,  so  prepared  as  to  contain  20  kilos,  of  arseuioas  acid.  There  i«  zmmediatitly 
formed  a  dirty  greenish-coloured  precipitate,  which  is  converted  into  Sohwciufurt-grcen 
hy  the  addition  of  some  15  litn^s  concc^ntnitod  wood- vinegar.  This  luiving  been  done,  the 
precipitate  ia  immediately  filtered  otf  and  washed.  It  thus  appeal's  tliat  the  yr  -^  *^  ri 
of  tliis  pi^'mcut  aims  first  at  the  least  expensive  preparation  of  noutml  arseniti 
which  Li  next  converted  into  uceto-arsenite  by  dij^esting  the  precipitate  with  j*  : 

The  pigrncnt  is  available  as  a  water-  and  an  oil-ealour,  but  does  not  cover  very  w^ll  in  oil, 
although  it  dries  rapidly.  The  colour  cannot  be  usetl  for  mural  paintmg,*as  the  limp 
absorbs  the  acetic  acid,  leavin^r  a  yeUowiali-jrreen  arsenite  of  copper.  Tho  Schweiufurt- 
green  consists  of  microscopically  small  crystals;  if  these  cryatalis  are  pulverii^ed,  the 
colour,  previously  grasa-grecu,  liccomea  paler.  Air  and  light  do  not  affect  this  pigment, 
which  is  insoluble  in  water,  but  becoming,  when  boiled  with  it  for  a  lenjfrth  of  time, 
brown-coloured,  probably  in  consequence  of  t!ie  loss  of  ^me  acetic  acid.  It  is  a  wdl- 
known  fact  tliat  papcr-nan^gs  containing'-  this  pigment,  and  pa.^cd  on  damp  walls, 
cause  tho  inmates  of  the  r*:»onis  to  Miffer  from  headaches,  due  iu  nil  UkelihtKjd  to  volatile 
arsenical  cmanatinn^,  among  which  is  ar^niuretted  hj'dro|?en. 

sioiniMc  nfOxld*    This  pTOpu ration,  ako  known  as  Gentele's-green,  is  obtained  byprccipi- 
otcop»9r.     tating  a  Njlutiun  of  flul}>hate  of  copper  with. fitanimte  of  soda,  wa^ng  "~^ 
drying  the  precipitate,  which  foimii  a  beautifully  green,  innocuous,  at  least  as  comp 
with  the  foregoing,  copper  pigment, 

Tttdijiri*.      Under  this  nomo  wo  meet  in  commerce  with  a  neutiiU  and  a  bus 
Aoetato  of  coppor ;  tlto  one,  a  crystalline  substance  is 


(C,H,0),jo^^jj^Q 


a  salt  formerly  only  preparcKi  in  Ilolbind,  and  designated  as  "  distilLed  ToiniigriF,*' 
lA  order  to  mislead  as  to  its  modo  of  manufacture. 

The  basic  salt,  bbio  verdigris  ia  chiefly  prepared  at  and  near  ITontpeUior,  by  em|»Ioy 
tlie  moreol  the  grajjcs,  the  skin  and  st*?m9  of  the  bunches  after  the  juice  has  been  squeeze 
oa%  which  readily  funns  acetic  acid  by  fertin  ntation.     Into  the  marc  are  placed  sheets  i 
copper  piroviottflly  moistened  vdth  a  solution  of  acetate  of  copper*    11  ic  metal  become#l 
ooat«d  witli  a  Inyer  of  ycrdigrift»  which  is  removed  by  scraping.    It  is  next  knaftdsd  with 
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water,  after  whioh  the  paste  is  put  into  leathern  bags  and  pressed,  so  as  to  obtain 
rectangrdar  cakes.  The  metal  is  treated  in  the  same  manner  until  it  i»  entirely  conyortcd 
into  basic  verdigris,  having  a  blue  colour,  and  known  as  French-verdigris.    Formula — 

^*^rqu°^^'}o,.CuH,o,+  5H,o. 

A  green-coloured  verdigris  is  obtained  at  Grenoble  and  elsewhere,  by  submitting  sheets  of 
copper  to  the  action  of  vapours  of  vinegar,  or  by  placing  the  motal  between  pieces  of 
coarse  fannel  soaked  with  that  liquid.    The  formula  of  the  substance  thus  produced  is — 

Neutral  acetate  of  copper,  first  made  by  the  Saracens  in  Southern  Spain,  and  since  the 
middle  of  the  fifteenth  century  by  the  Hollanders,  is  now  obtained  either  by — i.  Dissoh-ing 
the  basic  salt  in  acetic  acid.  2.  Or  by  the  double  decomposition  of  sulphate  of  copper  and 
acetate  of  lead  : — 

CuSO,+  {  (C.«f )» }  O,  =  PbSO,  +  { «^»«f  )> }  o,. 

By  the  first  method  the  basic  acetate  is  dissolved  in  4  parts  of  acetum  distillatum 
(punfied  vinegar^  or  in  wood- vinegar,  the  liquid  being  placed  in  a  copper  cauldron  and 
neat  applied.  The  clear  liquid  is  decanted,  and  then  evaporated  in  copper  pans  tmtil  a 
saline  crust  makes  its  appearance,  when  the  fluid  is  transferred  to  wooden  vessels  pro- 
vided with  thin  laths  sening  as  a  solid  nucleus  for  the  crystals.  According  to  the  second 
plan,  the  solutions  of  the  two  salts  are  mixed,  the  liquid  decanted  from  the  sediment  of 
sulphate  of  lead,  and  next  evajMjrated  after  the  addition  of  some  acetic  acid,  until  a  crust 
of  the  salt  is  formed.  Instead  of  acetate  of  lead,  the  acetates  of  lime  and  baryta  are  now 
used.  The  neutral  acetate  of  copper  is  met  with  in  commerce  in  "  bunches  "  (grappes), 
consisting  of  deep  green-coloured,  non-transparent  crystals,  soluble  in  13-4  parts  of  cold, 
in  5  parts  of  hot  water,  and  in  14  parts  of  boiling  alcohol.  This  salt,  like  the  basic 
acetates,  is  highly  poisonous. 

Appiicationt  of  Bom  basic  and  neutral  are  employed  as  oil-and  water-colours.  In  Hussia 
Verdigris,  verdigris,  mixed  with  white-lead,  is  frequently  used  as  an  oil  paint,  the 
result  being  the  formation  of  carbonate  of  copper  and  basic  acetate  of  lead.  The  former 
of  these  substances  yields  with  the  undccomposed  white-lead  a  bright  blue  colour,  which, 
after  painting,  turns  to  a  peculiarly  fine  green,  the  usual  colour  of  the  iron  roofs  of  the 
houses  in  Russia,  more  especially  in  Moscow  and  the  interior  of  the  country.  In  Holland 
the  same  mixture  is  frequently  applied  as  a  paint  to  outdoor  woodwork,  of  which  it  is  an 
excellent  preservative.  Verdigris  is  sometimes  further  applied  in  the  preparation  of  other 
copper  colours,  for  instance,  Schwcinfurt-green ;  also  in  dyeing  and  calico-printing ;  in 
g^(^g  (see  Gold).     The  neutral  salt  was  formerly  used  in  the  preparation  of  acetic  acid. 

Lead. 
(rb=  207  ;  Sp.  gr.  =  11-37.) 

oc&rrence  of  Lead.  This  metal  has  been  known  from  a  remote  antiquitj'.  It  is  only 
rarely  found  native ;  its  chief  ore  is  galena  (PbS).  It  also  occurs  as  Boumonite, 
or  antimonial  lead  ore,  consisting  of — 41*77  parts  of  load;  1276  copper;  26*01 
antimony;  and  19*46  sulphur;  formula  (3Cu2S,Sb2S3 -f  2[3PbS,Sb2S3]).  From  this 
ore  copper  as  well  as  lead  is  extracted.  Tho  other  lead  ores  of  more  or  loss  import- 
ance are — cerusito  or  white  load  oro  (PbC03) ;  green  lead  ore  (pyromorphito, 
phosphate  of  oxido  of  load,  3[P205,3PbO]  +  PbCla) ;  miraetcsite  (arseniato  of  oxido 
of  lead,  3[jVs205,3PbO]  +  PbCl2);  vitriol  lead  ore  or  Anglesito,  sulphate  of  load 
(PbS04) ;  yellow  lead  ore  (molybdanato  of  lead,  PbMo04) ;  and  red- lead  oro  or 
krokoite,  chromato  of  lead  (PbCr04). 

^"  bf  precMlStEfn^"**  Galena  is  tho  chief  lead  ore,  98*9  of  the  motal  produced  being 
extracted  from  it.  It  contains  86*57  per  cent,  of  lead,  and  13*43  per  cent,  of  sulphur, 
with  sometimes  only  mere  traces,  sometimes  an  available  quantity  of  silver.  Galena 
exhibits  a  lead-grey  colour  and  a  strong  metallic  lustre,  crystallises  in  cubes,  is 
brittle,  and  has  a  sp.  gr.  =  7*75.  It  is  also  employed,  when  finely  ground,  and  known 
as  Alquifoux,  for  the  purpose  of  glazing  coarse  pottery  ware ;  for  the  manufacture 
of  Pattinson's  white-lead;  instead  of  sawdust  for  covering  the  floors  of  rooms  in  some 
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otihQ  Germiin  mining  tUstrict« ;  *br  orDamentol  purposes;  jewellery;  aad  of  Utt 
in  a  peculiar  process  of  extracting  platimmi  from  its  ores. 

Lead  is  obtained  from  goleiui  either  by  tbe  precipitation  method  or  by  roasting. 
The  former  process  is  based  upon  the  behaviour  of  metallic  iron  at  a  high  tempora- 
turo  towards  galena ;  for  if  these  two  subat^inces  ai-e  heated  together  the  result  is 
the  formation  of  eulphurot  of  iron  and  metallic  load  (PbS  +  Fe  :^  FeS  +  l*b).  Ac- 
cordingly, the  precipitation  method  consists  in  smelting  the  galena,  previously  freed 
from  gangue,  with  granulated  iron  obt^iined  by  ponriug  molten  cast-ii"on  in  a  thin 
stream  into  cold  water.  The  operation  is  carried  on  in  a  $haft  furnace ;  the  result 
is  the  formation  of  metallic  lead»  and  of  a  lead  matte  consisting  essentially  of  sul- 
phuret  of  iron,  nn decomposed  galena,  and  sulphuret  of  copper.  Sometimes  iron 
ores  and  slags  of  ironworks  are  upjdied,  in  which  case  the  oxygen  of  these  6ub8taQC<a8 
aids  the  desulphuration. 

The  funiac^  in  \im  for  the  smelting  is  rtprcaented  in  figiirofl  25,  26,  and  27.  it  in  the 
aliaft ;  0,  n,  the  hearth  and  crucible,  whioh,  as  exhibited  by  the  cut,  is  partly  outside  the 
furnace.  By  means  of  a  channel  the  molten  metal  con  be  run  off  from  n'into  the  tap 
cnjcible.  tIic  giujos  and  vapours  previous  t«  their  escape  into  the  chimney,  t,  are  mnde 
to  pass  throuj?h  the  flutes,  as  indicated  by  the  arrows,  iu  order  that  any  solid  particles 
containing  lead,  which  the  blast  at^  o  might  carry  off,  may  be  arrested.  The  ore  and 
iroiif  previously  washed,  are  placed  in  alt^nato  layers  in  the  fumaoe.    Thi^  pfodtiots  ol 

Fio,  25.  Fio»  26. 


Fio. 


the  smelting  coK, . .-  ;  ..  . .  i..  :.  -J,  eontaining  sUver  and  lead  matte,  the  latti^r  ocmtiimiiig 
»botit  30  lbs.  of  lead  to  th«  cwt.,  the  former  stnnetimcs  3  lbs.  of  sdver  to  the  mxm 
qmuLtitj,  whHe  copper  also  m\ij  be  present.    TUs  lead  matte  ii?,  accoiding  to  its  cou- 

.•titnente,  either  worked  up  for  eementaiion-oopper,  or  added  to  other  filags  eontamm^ 

■  leiid  and  again  smelted. 

"'''tiu&illf  **'  This  procx^ss  is  based  upon  the  behaviour  of  oxide  of  lead  and 
the  Hulphate  of  that  oxide  towards  galena,  and  is  effected  on  a  largo  scale  in  a 
roverbc^ratory  furnace.  By  the  action  of  the  oxygen  of  the  air  at  a  high  temperature 
upon  galena]  a  portion  of  this  mineral  is  oonvorted  into  oxide  of  lead  and  sulphurouB 
tti'id,  while  sulphate  of  lead  is  simultaneously  fonned.  By  the  oxygen  of  the  sulphate 
und  of  the  oxide  the  sulphur  of  any  undecomposed  galena  is  oxidised  and  removed 
(iPbO  +  PbS  =  4Pb  +  SO,  +  0 ;  FbSO^  +  PbS  =  2Pb  +  2SO,).  If  tbei^  is^ireseiit 
during  the  roasting  any  excess  of  galena,  them  ia  formed  a  subHuIi)hido  of  lead 
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(Pl>2S),  from  which  a  small  quantity  of  metallic  lead  is  obtained  by  liquation,  while 
the  residue  becomes  a  higher  siQphuret  (2PbaS=2PbS+2Pb). 

The  English  process  of  lead  smelting  by  roasting  and  liquation  is  based  upon  the 
reaction  jvist  described,  and  is  carried  on  in  a  furnace  exhibited  in  Fig.  2S.  The  hearth, 
constructed  of  slag  and  built  upon  a  massiye  wall,  is  arranged  to  slope  in  all  directions 
towards  the  tap-hole,  through  which  the  lead  runs  off  into  a  cast-iron  pan  set  in  a  niche. 
The  figures  0,  0,  0,  indicate  tae  openings  for  the  doors,  three  on  each  side  of  the  building. 
T  is  a  funnel  through  which  the  ores  are  placed  on  the  hearth.  Every  six  or  seven  hours 
a  charge  of  16  cwts.  of  ore  is  worked  off,  while  the  consumption  of  fuel  amoimts  to  about 
half  that  weight  in  the  same  time.  Care  is  taken  to  spread  the  ore  uniformly  over  the 
hearth ;  this  having  been  done,  the  heat  is  gradually  increased,  the  doors  of  tne  furnace 
being  closed.  After  a  lapse  of  two  hours  the  doors  are  opened  sufficiently  to  ventilate 
the  furnace  and  dissipate  the  smoke,  and  are  again  closed,  and  the  heat  increased  until 
the  mass,  from  which  lead  everywhere  exudes  and  runs  off  to  the  lowest  level,  becomes 
by  stirrinff  and  the  addition  of  fluor-spar,  almost  perfectly  fluid.  This  point  having  been 
reached,  the  upper  layer  of  slag  is  run  off,  at  once  cooled  with  water,  and  thus  solidified. 

Fio.  28. 


This  slag  is  termed  white  slag  from  its  white  or  light  grey  colour,  and  contains  about 
22  per  cent,  of  sulphate  of  leud.  Some  small  coal  is  now  cast  into  the  hearth  in  order  to 
solidify  the  tough,  pasty  slag  which  covers  the  lead,  after  which  the  tap-hole  is  ojiened 
and  the  raw  lead  run  off  into  the  iron  pan,  previously  heated  so  as  to  keep  the  metal  in 
a  molten  state. 

Kaw  Lead.  The  metallic  lead  obtained  as  described  is  by  no  means  pure,  usually 
containing  silver,  copper,  antimony,  arsenic,  and  other  metals  according  to  the  purity 
of  the  ore.  The  separation  of  the  silver,  when  in  sufficient  quantity  to  repay  the 
expense  of  extraction,  will  be  spoken  of  under  Silver ;  but  one  of  the  by-products  of 
some  of  the  methods  of  extracting  that  metal  is  litharge,  oxide  of  lead,  which  is 
either  brought  into  commerce  as  such  or  reduced  again  to  metallic  lead  by  a  process 
here  described. 

^*^Li5SS2*  **'  ^^  process  is  pursued  in  a  reverberatory  furnace  by  placing  on 
the  hearth  a  mixture  of  litharge  and  small  coal.  The  lead  resulting,  known  as  hard 
lead,  in  contradistinction  to  the  soft  lead  obtained  from  refined  litharge,  is  usually 
not  quite  pure.  In  order  to  give  some  idea  of  the  composition  of  the  various  kinds 
of  lead  as  obtained  at  Freiberg,  Germany,  we  quote  the  following  results  of  analyses 
by  Dr.  Eeich : — 

Antimonial  lead. 


Eaw  lead. 

Refined  lead. 

Hard  lead. 

Miildon. 

Ilalsbruck 

Lead     .     . 

.    9772 

99*28 

87-60 

C076 

87-60 

Arsenic      .     . 

1-36 

o"i6 

7.90 

1-28 

0.40 

Antimony 

0.72 

trac  es 

2.80 

7*31 

ii'6o 

Iron      .     . 

0-07 

0*05 

traces 

013 

traces 

Copper .     . 

025 

0.25 

0*40 

o'35 

traces 

Silver    .    . 

.      0-49 

0-53 

— 

— 

— 

S2  CHEMICAL   TECMNOLOGT. 

Pr^pcrticiafL^d  Tho  oolour  and  general  pihjaical  propertioa  of  tlik  metal  arc  too  well 
known  to  require  dotailed  notice.  Lead  assumes  a  crystallino  form  with  difficulty^  but  it 
ia  obtained  in  tiiat  etat©  in  a  combination  of  cubes  and  octahcdm  by  some  metallurgical 
processes,  r*  ^.,  Pattin^OTi's  method  of  silver  extraction,  Leud  is,  when  rclined,  a  ^ery 
soft  imd  tractable  metal ;  its  absolute  cohesive  strength  is  small.  When  freshly  cut  it 
exhibits  a  strong  metallic  lustre,  but  tamiahes  rapidly  on  exposure  to  air.  If  handled  it 
dirties  the  skin^  and  e^vcs,  when  rubbed  on  paper,  Imen,  or  cotton,  a  plumbago-colonred 
mark.  Its  gp.  gr.  is  1 1-37  ;  i  cubic  foot  weighs  about  600  Iba. ;  I  cubic  metre,  1 1,370  kilos. 
lu  addition  to  the  juetollic  impurities  usually  present  in  lead  and  already  alluded  to, 
some  of  its  oxido  is  commonly  mechanically  mixed  with  it^  impairing  its  malleability  and 
ductility,  but,  on  the  other  hand,  increasing^  its  resistjuioo  to  prefisuie.  Ijeud  belongs  to 
the  most  readily  fusible  metals,  fujringr  far  he-low  red  heat,  at  332° ;  on  cooling-  it  contracti 
and  assumes  a  concave  surface.  Lead  ia  volatOifiefi  and  boils  at  a  stronff  white  heat,  air 
beiag  exduded.  It  Is  not  well  suited  for  being  worked  with  files  or  cold  chisels,  the  former 
beooming  dogged,  and  the  latter  blunt.  Sheet  lead  is  cut  with  knives  of  well-tempered 
ited.  This  metal  docs  not  take  up  more  than  about  1*5  per  cent,  of  zinc  ;  0*07  per  cent,  of 
iron,  and  rather  more  copper,  but  aUoys  readily  with  tin^  bismuth,  and  antimony. 
Adp}]cat(oi}«  tit  Lead  is  employed  in  a  raric  ty  of  ways  in  building".  It  is  much  used  for 
if>tiiijJc  L«Mi.  ^e  leaden  chambc^rs  of  sulphuric  acid  works,  and  for  this  purpose  should 
he  as  free  as  possible  from  any  impurities  or  foreign  metals,  all  of  which  impair  the 
tvsistanco  of  the  sheets  of  lead  to  the  acid  vapours,  and  cause  the  metal  to  become 
gradually  perforated  with  holes  and  cracks.  The  motJil  is  further  employed  for  leaden 
pans  and  other  apparatus  in  chemical  manufactories,  for  gas-  and  water-pipes,  for  rifle 
balla,  and  for  many  other  purposes  too  numerous  to  be  her©  specified. 

Maimfucturt  of  Shtrt,  This  manufacture  consists  of  five  distinct  operations,  Tin, — (i)  the 
melting  of  the  lead;  >  '^  — nulation  of  the  molten  met^l ;  (3 J  the  sorting  of  the  grain 
of  various  sizes;  (4  of  irregularly- shaped  sliot;  and  (5)  the  polishing  of  the 

shot.   Lead  intended  1  mufacturo  ia  never  required  to  be  pure,  and  arsenic  is  pur- 

posely added,  because  cxj>erience  has  taught  that  this  addition  improves  the  spherical  «hape  \ 
of  the  shot.     The  quantity  of  arsenic  depends  upon  the  quality  of  the  lead,  but  varies  frcnn 
03  to  O'S  per  cent. :  too  much  causes  an  irregular  slinpe,  and  t(x>  little  has  the  same  defect, 
Tlifl  arsenic  is  added  either  as  arsenious  acid,  in  which  case  the  lead  is  melted  under  a 
layer  of  powdered  charcoal,  or  metallic  arsenic  wrapped  in  a  piece  of  paper  is  introduced 
under  the  biirfaoG  of   the  molten  lead  by  means  of   a  suitable  pair  of  foreeps.     Tlio 
granulation  of   the  lead  is  obtained  by  the  use   of    a  shallow  sieve-like    iron  vessel, 
technically  termed  a  card,  provided  with  holes  of  regular  size.     Tlie  dro^s  and  scrapings 
from  former  smeltings  aro  not  removed,  aa  they  prevent  the  load  ruiming  too  readily 
through  tlie  holes.    The  operation  of  granulation  is  earned  on  in  shot  towers,  the  card 
with  the  molten  lead  being  at  the  top,  the  metal  assuming  a  Bpherical  shape  while  falling. 
The  small  sphered  or dro^  are  collected  in  water,  to  every  100 parts  of  which  002 5  parts 
of    sulfide  of  soditun  u  added  in  order  to  coat  the  metal  with  a  Bmall  quantity  of 
Aulphide  of  lead  and  pireveni  its  oxidation.     Shot  is  also  made  on  an  entirely  different 
plan  embodying  the  application  of  centrifugal  force.     The  molten  metal  is  forced  with 
great  speed  through  openings  in  a  centrifugal  machine,  making  1000  revolutions  per 
iBiinute,  the  shot  or  particles  assuming  a  splierical  shape  by  reason  of  the  great  force  ol., 
[ibiipafit  with  the  uir  near  the  machine.     Tlie  Borting  of  tho  shot  is  etFtH?ted  by  variously*  < 
^sed  aieves,  and  the  separation  of  the  imperfectly-shaped  grains  is  ohtxiined  by  causing  J 
the  allot  to  run  o\'er  a  long  slightly  sloping  tabic  pronded  with  ledges  of  wood  to  prevenl  j 
tbd  i^ot  falling  off  sidewa}^.      Only  the  perfectly  spherical  grains  of  shot  reach  the  J 
lower  end  of  the  table.     Lastly,  the  shot  is  polished  by  placing  ioo,oco  parts  by  weight  1 
of  shot  and  6  parts  by  weight  of  graphite  together  in  a  cylindrical  iron  vessel  made  to  j 
rotate  slowly  on  a  horisontal  axis.     In  this  country  some  manufacturers  prefer  to  use  ani 
\  amalgam  of  tin,  or  simply  mercurj%  instead  of  graphite,  for  polishing.     The  loss  of  lead  J 
hi  the  tuanufaeture  of  snot  amounts  to  about  2  per  cent.     The  mzes  and  trade  niunes  of 
the  several  kinds  of  shot  vary  in  different  countries ;  in  Germany  No.  o  is  the  largest  and 
No.  lo  the  smallest  sixe. 

Alton  «f  L<*»4.      The  following  alloys  of  letwl  in  daily  use  aro  made  on  a  large  scale : — 
Soft  lead  Bolder  as  used  by  tinsmiths,  equal  parts  of  lead  and  tin  ;  the  allny  used  fbr 
organ  pipes,  usually  96  parts  of  lead  and  4  of  tin,  bat  often  more  tin  ia  added ;  white 
lUi'tal  alloy  for  domestic  utensib,  as  coffee  and  teapots,  consists  of  lead,  antimony, , 
and  tin ;  iiUoy  for  ships*  nailfl,  3  parte  tin,  2  parts  lead,  i  part  antimony,     Tho  load  ' 
ujsod  by  tho  Chinese  for  lining  tea-cbest«  cousists  of  116  parts  load,  17-5  parts  tin* 
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V2$  parts  copper,  with  a  trace  of  zinc.     Other  alloys,  such  as  type  metal,  will  he 
spoken  of  presently. 

Peeparations  of  Lead. 

Oxide  of  Lnd.  This  substance  is  commercially  employed  in  two  different  forms,  viz., 
as  massicot  or  as  litharge. 

Manicot.  Massicot,  or  yellow  oxide  of  lead,  occurs  as  a  yellow  or  ruddy-coloured 
powder,  obtained  either  by  heating  carbonate  or  nitrate  of  lead,  or  by  calcining 
metallic  lead  on  the  hearth  of  a  reverberatory  furnace.  Before  chromato  of  lead 
was  known,  massicot  was  used  as  a  yellow  pigment.  At  red  heat  this  substance 
fuses  and  becomes  glassy.  In  most  instances  it  is  not  a  pure  oxide  of  lead,  but 
mixed  with  silicate  of  lead,  the  fact  being  that  oxide  of  lead  at  a  red  boat  strongly 
attacks  any  material  containing  silica,  dissolving  the  silica  and  combining  with  it. 

uthMge.  Litharge  is  a  fused  crystalline  oxide  of  lead,  and  is  obtained  as  a  by- 
product of  the  separation  of  silver  from  lead  in  the  process  to  be  fully  described  under 
Silver.  Litharge  always  contains  a  larger  or  smaller  quantity  of  oxide  of  copper, 
oxide  of  antimony,  traces  of  oxide  of  silver,  and,  according  to  Dr.  Wittstein,  metallic 
lead,  varying  in  quantity  from  1*25  to  3*10  per  cent.  The  oxide  of  copper  can  bo 
removed  by  digesting  the  litharge  with  a  solution,  cold  of  course,  of  carbonate  of 
ammonia.  Litharge  absorbs  carbonic  acid  from  the  atmosphere,  combines  at  a  higher 
temperature  with  silica,  forming  with  it  a  readily  fusible  glass,  is  soluble  in  acetic 
and  nitric,  and  also  in  very  dilute  hydrochloric  acids,  and  is  equally  soluble  in 
boiling  solutions  of  caustic  potassa  and  soda.  It  is  insoluble  in  carbonate  of  am- 
monia and  in  the  carbonates  of  potassa  and  soda.  Litharge  is  largely  used,  entering 
into  various  compounds  for  glass,  so-called  crystal-glass,  flint-glass,  strass  for 
imitating  jewels,  for  glazing  pottery  and  earthenware,  as  a  flux  in  glass  and 
porcelain  staining,  for  the  preparation  of  boiled  linseed  and  poppy-seed  oil,  for 
the  preparations  of  lead-plaster,  putty,  minium,  red-lead,  and  acetate  of  lead.  A 
solution  of  oxide  of  lead  in  caustic  soda  lye  is  applied  in  the  preparation  of  stannate 
of  soda;  this  solution  is  also  used  for  imparting  to  combs  and  other  toilet  articles 
made  of  horn  the  appearance  of  tortoise-shell  or  of  buffalo-horn.  A  very  dilute 
solution  is  used  as  a  hair-dye,  and  again  in  metallochromy  to  produce  iridescent 
colours  on  brass  and  bronze. 

Mi&iam.  Bed-Lend.  Eod-lead  is  a  combination  of  oxide  of  lead  with  a  superoxide,  the 
formula  being  Pb304.  Eed-lead  of  excellent  quality  is  largely  manufactured  near 
Newcastle-on-Tyne,  by  carefully  heating  oxide  of  lead  in  a  reverberatory  furnace 
expressly  built  for  that  purpose,  the  access  of  air  being  limited  so  as  to  prevent 
the  fusion  of  that  portion  of  the  oxide  which  cannot  then  be  converted  into 
minium.  Sometimes  metallic  lead  is  oxidised  in  a  reverberatory  furnace,  the  pro- 
cess, as,  for  instance,  at  Shrewsbury,  being  so  arranged  that  at  the  hotter  places  of 
the  furnace  massicot,  and  at  the  cooler  red-lead,  is  produced.  The  finest  coloured 
minium,  or  Paris-red,  is  obtained  from  carbonate  of  lead  by  the  same  method. 
According  to  Mr.  Burton's  plan,  sulphate  of  lead  is  heated  with  Chili  saltpetre, 
and  after  the  mass  has  been  exhausted  with  water  the  red-lead  is  left,  while  sul- 
phate  and  nitrite  of  soda  are  dissolved.  Bed-lead  is  used  for  a  variety  of  purposes, 
many  similar  to  the  applications  of  oxide  of  lead.  Besides  being  applied  as  a 
cement,  when  mixed  with  linseed-oil  and  mastic,  for  the  flanges  of  steam-pipes,  it 
chiefly  enters  the  market  as  a  pigment,  being  for  that  purpose  either  mixed  with 
water  or  with  linseed-oil.  in  both  instances  covering  extremely  well. 
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SupfToxidvorLetid.  When  rpd-lead  la  treated  with  modcnitc'ly  iitrcmg'  nitric  acid»  ihete  I 
loraied  mtrate  of  prcJtoxide  of  lead  and  siiperoiide  of  that  metal,  PbO^,  »  bro^vn-coloai 
powder  largely  used  in  the  composition  of  tho  phosrphorai  mi^tture  for  hicifer  matches. 
The  mixture  known  in  lueifcr  muUh  works  aa  oxidist^d  m^initimi  ia  a  dried  compoaiti4>n, 
ConAsting  of  nitrate  of  protoxide  of  lead,  suiN32X»xido  of  lead,  and  undecompjsed  rt'd-k»ad, 
Olid  obtimied  hj  drying  a  magma  of  minium  and  nitriG  acid> 


\ 


CcmtbinftTlotii  nt  OxldA 
r.f  LraiL 


Amnng  the  salts  of  lead  employed  indujstrially,  the  follo^ring 
iirtj  the  most  important : — 

4Mtftt«  or  liMd.     This  salt , 


((C.U30^j^}0,4.3H.o) 


consists  in  lOO  parts  of : — Oxide  of  lead,  5871;  acetu  acid,  27'oS ;  water,  I4'2l. 
It  crystftUisos  in  four-sided  columBar  figures ;  is  soluble  in  i  '6G  parts  of  water  and 
S  parts  of  aloohoh  ^Vlien  submitted  to  dr^'  dmtillatioii  it  yields  neutrEd  carbonate 
of  lead  and  aceton,  which  volatilises.  When  heated  with  sulphuric  acid  it  yiolda 
acetic  acid,  sulphate  of  load  remainiug  in  the  retort.  Acetate  of  lead  is  prepared  ' 
by  heatinjj  litharge  or  massicot  with  rectified  vinegar,  or  with  wood  vinegar,  ir 
leaden  or  in  tinned  copper  pans.  The  clear  liquid  is  decanted  and  evaponit<->d,  and 
then  left  to  crystallise  in  porcelain  basins  or  in  woodon  tubs  :  100  parts  of  litharge 
yield  150  of  acetate  of  lead.  This  salt  ia  largely  used  in  dyeing  and  calico 
printing,  in  obtaining  red  liquor  or  acetate  of  alumina  ;  and  for  the  preparation  of 
Tarnishes,  white-lead,  and  chrome-yeUow,  We  shall  speak  of  sub-acetate  of  lead, 
tribasic  acetate  of  lead,  when  cousidenng  the  manufacture  of  w)uto«lead. 

Chnowte  of  im*a.  The  l>asis  of  chromate  of  lead,  and  indeed  the  substance  from  which 
all  chromium  preparations  are  derived,  is  the  chrome-iron  ore,  consisting  mainly  of 
protoxide  of  iron  and  oxide  of  chromium  (FeO,Cri03,  or  CriFo04),  It  is  a  magnetic 
iron  ore4,  isomeric  sesqui-,  or  per- oxide  of  diromium  having  been  substituted  for  the 
peroxide  of  iron,  but  the  mineral  varies  in  composition,  often  containing  consider- 
able qimntities  of  aluminia,  magnesia,  and  protoxide  of  chromium.  It  is  met  with 
intor-aporsed  through  very  hard  metamorphic  rocks  in  some  parts  of  Seotland,  in 
colour  a  steel-grey  or  pitchy  black.  It«  value  for  indtistrial  purposes  depends  npon 
the  quantity  of  oxide  of  chromium  it  contains ;  and  according  to  M*  Cloucfs  analysis 
(1869)  the  following  chrome-iroa  ores  oontained  the  quoted  quantities  per  cent,  of 
chromic  oxide :— 


Chrome-iron 

fi'om  Baltimore 

45 

„    Norway 

40 

,,     Prance 

37-5X 

„    Asia  Minor 

55 

„     Hungarj- 

3t 

,,     Onral  (Rus.^ia)        49.5 

, .     California 

425 

ia  prepared  by  heating  chrome-iron  ore,  previously  pulverised  and  cleansed,  with 
OMboDAte  and  nitrate  of  potassa  on  the  hearth  of  a  reverberatory  f  urn  nee.  The 
oxygen  of  the  saltiwtrc  caiiso  the  higher  oxidation  of  the  protoxide  of  iron  and 
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Besqnioxide  of  chromium,  the  latter  being  converted  into  chromic  acid.  The 
thoroughly  sintered,  not  molten,  mass,  is,  after  cooling,  again  ground  up  and 
lixiyiated  with  boiling  water,  and  also  boiled  fpr  a  time  to  extract  the  neutral 
chromate  of  potassa.  Wood  vinegar  is  added  to  the  solution  to  precipitate  the 
alumina  and  silica,  after  which  the  clear  liquid  is  evaporated,  until  a  film  of  saline 
material  begins  to  form,  when  it  is  left  to  crystallise.  The  crystals  take  a 
column-like  form,  and  are  of  a  lemon-Vellow  colour,  readily  soluble  in  water,  but 
insoluble  in  alcohol,  and  having  a  great  tendency  to  become  converted  into  bichro- 
mate or  red  chromate  of  potassa.  This  conversion  of  the  neutral  salt  into  the  bi-,  or 
acid  salt,  is  at  once  eflPected  by  the  addition  to  its  solution  of  suli)huric  or  nitric  acid. 
The  bichromate  of  potassa  or  acid  chromatoj  KaCraOj,  crj\stiillisos  in  anhydrous, 
aurora-red  coloured  prismatic  crystals,  soluble  in  10  parts  of  water.  This  solution 
is  highly  caustic  and  poisonous.  When  heated  to  redness  the  salt  gives  off  oxygen, 
leaving  oxide  of  chromium  and  neutral  chromate  of  potassa  in  the  retort ;  the 
bichromate  is  prepared  from  the  neutral'  salt  by  the  addition  to  its  solution  of  either 
sulphuric  or  nitric  acid,  preferably  the  latter  on  account  of  the  formation  of  nitrate 
of  potassa,  which  may  be  either  sold  or  used  in  the  manufacture  of  the  neutral 
chromate. 

M.  Jacquelain  proposes  that  tho  chrome-iron  should  be  mixed  with  chalk,  and  the 
mixture  heated  and  frequently  stirred,  then  cooled,  pulverised,  and  put  into  water,  with 
the  addition  of  enough  sulphuric  acid  to  produce  a  weak  reaction,  tho  result  being  the 
formation,  first  of  chromate  of  lime,  which,  by  the  addition  of  tho  acid,  becomes  the 
bichromate  of  that  base.  The  sulphate  of  protoxide  of  iron  present  in  this  solution  is 
precipitated  by  means  of  chalk.  In  order  to  convert  tho  bichromate  of  lime  into  the  cor- 
responding potassiiun  salt,  it  is  only  necessary  to  add  a  solution  of  carbonate  of  potassa, 
the  result  being  of  course  the  precipitation  of  carbonate  of  lime,  and  the  exchange  of 
the  chromic  acid  from  tho  lime  to  tho  potassa.  According  to  Tilghmann's  process 
chrome-iron  ore  is  mixed  with  2  parts  of  lime,  2  of  sulphate  of  potassa,  and  heated 
for  eighteen  to  twenty  hours  in  a  rcverberatory  furnace.  The  same  inventor  suggests 
the  heating  of  chrome-iron  ore  -with  powdered  feldspar  and  lime.  Mr.  Swindells  ignites 
ohrome  ore  with  equal  parts  of  either  clilorido  of  sodium  or  chloride  of  potassiiun  to  the 
highest  possible  white  heat,  at  tho  same  time  exposing  the  mixture  to  a  constant  current  of 
superheated  steam,  the  formation  of  sodiiun  or  potassium  chromate  resulting.  The  most 
important  improvement  in  the  preparation  of  chromate  of  potassa  is  the  substitution  of 
carbonate  of  potassa  for  nitrate  of  potassa,  and  tho  use  of  a  furnace  so  constructed  as  to 
admit  of  the  proper  access  of  air  to  the  strongly  heated  mass,  the  oxy<rcn  of  the  air  being 
made  to  oxidise  the  chromic  oxide  to  chromic  acid.  Another  improvement  is,  that  in  using 
lime  instead  of  alkali,  the  oxidation  of  the  chromic  oxide  is  greatly  arcelerated,  by  reason 
that  when  lime  is  employed  instead  of  jwtassa,  the  heated  materials  do  not  become  semi- 
fuaed  or  pasty,  but  remaining  pulverulent  admit  of  the  readier  access  of  air,  as  well  as 
preventing  the  sinking,  on  account  of  higher  specific  gravity,  of  a  portion  of  tho  chrome 
ore  to  the  bottom  of  the  hearth,  and  there  becoming  withdrawn  from  the  action  of  the 
heat. 

Appiicaiioiiaofthe  Before  the  year  1820,  the  salts  spoken  of  were  only  used  for  the  pre- 

Chcvtoaws of putasta.  paratiou  of  chrome-yellow;  it  was  then  a  very  expensive  process, 
viz.,  the  calcination  of  the  chrome-iron  ore  with  nitrate  of  jwtassa  only.  At  this  date, 
M.  Koechlin  discovered  the  applicability  of  bichromate  of  potassji  to  the  obtaining  of 
what  is  technically  termed  "  discharge  "  for  Turkey-red — a  madder  colour — a  discovery 
soon  followed  by  others  bearinj?  upon  the  useful  applications  of  this  salt,  among  which  are 
the  formation  of  chrome-yellow  and  chrome-orange  in  calico-printing,  the  chrome-black 
in  dyeing,  the  oxidation  of  catechu  and  Berlin-blue,  the  discharg-e  of  indigo-blue,  the 
bleaching  of  palm-oil  and  other  fatty  substances,  the  preparation  of  mixtures  for  the  heads 
of  lucifer-matches,  the  preparation  of  chromate  of  protoxide  of  mercury  and  chromic 
oxide  as  gfreen- coloured  pigments  in  glass  and  china  painting,  and  for  tho  preparation  of 
Vert  Guignet,  a  peculiar  hydrated  oxide  of  chromium : — 
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ulttaincHl  by  heating'  i  part  of  bichromate  of  pota^sa  anil  3  parts  of  cryF^tiilliAod  boric  acid, 
and  used  us  a  pigment  in  ctiIico-j>riutlng.  As  inig:ht  bo  expected,  alt  thc«o  discovcri<?9 
guTe  a  strong  impulse  to  the  ruaQufacture  of  the  chromat4?s  of  potiissa,  which  have 
recently  foniui  still  further  useful  applications  in  the  obtiihiing  of  e^^lours  from  coal-tar*  in 
the  manufacture  of  chlorine  gas,  in  liefuseiing  brandy  and  utbor  spirit,^,  and  in  tho  purifi- 
cation of  wood-Tinef^r  made  from  the  crude  pyrobgneous  acid. 

According  to  IT.  J.  Per^oz,  there  exist,  Amcriea  excepted,  only  six  inanulaetories  of  the 
chronuiteH  of  potasaa,  viz.,  two  in  Scotland^  one  in  Prance,  one  at  Trjondhem,  Xorway,  and 
one  at  Kazan^  near  the  Oural,  Ruaaia ;  the  total  production  of  these  \vork«  amounted  in 
1869  to  60,000  cwte, 

SlSSrJS iJad*^  There  are  in  technical  use  thr^e  different  compounds  of  Iea<l  and 
chromic  acid,  xiz.^  neutral  chromato  of  lead  or  chrome-yellow,  basic  chroma  to  or 
chrome-red,  and  a  mixttiro  of  these  two  salts  constituting  throme-ortin;^3.  The  first 
of  these  substances  is  obtained  by  two  methods: — (i)  By  the  precipitation  of  a 
solution  of  chromate  of  potasaa  with  a  solution  of  acetate  of  lead;  or  (2)  by 
the  use  of  sulphate  or  ehloiide  of  lead.  According  to  the  first  plan,  the  oi>eration 
begins  with  the  preparation  of  a  solution  of  lead,  for  which  purpose  j^^nu  la  ted  lead 
is  put  into  wcjoden  tuba  placed  one  above  the  other,  and  tho  tapH  each  tub  is  provided 
with  being  tume^l  off,  vinegar  is  poured  into  the  upper  tub»  In  about  ten  minutes 
the  tap  at  the  bottom  of  the  tub  is  opened,  and  tlie  contents  lot  inti>  the  second  tub* 
The  operation  is  repeated  with  jiU  the  tuba,  four  to  eight  in  number,  the  object 
simply  being  to  moisten  tho  lead  thoroughly  with  the  vinegar,  so  as  to  cause  rapid 
oxidation  on  its  subsequent  exposure  to  air.  The  metal  soon  becomes  coated  with 
a  bluish-white  coloured  film,  and  when  this  is  apparent,  vinegar  is  again  poured 
into  the  topmost  tub  and  loft  for  about  an  hour,  after  which  it  is  run  off  into  tho 
second  tub,  and  tho  operation  continued  until  there  ia  obtained  a  saturated  solution 
of  basic  acetate  of  lead.  To  prepare  chrome -yellow,  enough  vinegar  is  added 
obtain  a  leaction,  and  the  fluid  left  to  deposit  any  su^pondetl  sediment  At  the  s^ne 
time,  in  another  tub*  a  solution  of  25  kilos,  of  bichromate  of  potiissa  in  500  litres  of 
water  is  kept  in  readiness.  Tho  clear  lead  solution  U  next  poured  into  tho  bichro- 
mate solution  as  long  as  any  precipitate  ensues.  This  precipitate  is  well  washed, 
and  usually  mixed  with  gypsum,  or  sulphate  of  baryta,  to  *jbtain  the  lighter  chrome 
colours;  finally  it  is  dried.  According  to  Liebig,  chrome-yellow  is  obtained  fixim 
sulphate  of  lead,  an  almost  useless  by-product  from  ealico-printiag-  nod  dye-works, 
by  digesting  it  with  a  warm  solution  of  neutral  chromato  of  pcitassa.  Tho  depth  of 
colour  of  the  ensuing  yellow  pigment  depends  upon  the  quantity  of  sulphate  of  le 
which  is  convertcil  into  chromate  of  lead. 

Dr.  Habich  states  that  there  exist  two  binary  eompounds  of  chromate  and  sulphate  of 
lead*  tho  formnliB  of  wfaloh  are  :— PbSO^  -|-  PbCrt)^  and  2PkSU^  +  PbCK^.  Tlje  fonner  is 
tubtained  when  a  Boiution  of  biehrtiunite  of  potiissa,  preWouj^ly  mixed  m  ith  enough  sul- 
phnrioadd  to  oanso  its  diBsocintion,  w  precij>itated  witlt  a  wlution  of  lead;  while  the 
neofind  eoropound  i«  formed  if  tlie  quantity  of  pnlphiiHe  aiid  m  doubh  d.  According  tii 
M.  Anthon  a  beautiful  chrome-yellow  ia  obtJiintd  by  the  digestion  of  loo  parts  of  freshly 
precipitated  ehhiride  of  lend  with  47  parts  of  biehroni&te  of  potaiihiimt. 

ciktoiM-itea.       The  hanic  cliromate  of  ]ea<l,  known  as  chr«>inc-red  iinA  A  ui^tri an -eiimalior, 
PbCr04  +  FbH, (->.,•  is  a  red-coloured  piKinent  much  iu  demand*  and  etitained  from  tho 
vellow  or  neutral  chromate  of  lead,  either  by  boiling  it  T^-ith  a  caustic  potassa  solution*  orj 
DV  fusing  it  with  nitrate  of  pot^asaa,  the  tfF«i:'t  being  that  half  of  the  chromic  acid  i»  ii'ith*! 
dmwn  from  the  neutral  chromate.     Drs.  Liebig  and  AVOhler  state  that  chrome- red  is  be«t1 
obiaiued  by  fusing  together*  at  a  very  low  rod^ieai,  eqtifd  partj*  of  potaasinm  and  sodium 
ottratea,  gradually  pouring  Into  the  rosed  salt  small  quantitieii  of  chemically  pure  yellow 

*  Aooording  to  Dr.  Ihiilo«,  see  "Handbuch  der  Ange  wand  ten  Pharmacseutisch-TAchniaeh 
dwxmische  Analjnie*  ^c.*'  Breslan*  1871,  p.  293,  the  fonnula  of  this  aub«tanoo  is  al'bOfCrOj, 
and  tho  dried  sJt  does  not  contain  any  water  as  a  component  part 
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ehromate  of  lead.  After  cooling,  the  insoluble  chrome>red  is  well  washed  and  dried.  It 
is  then  a  magnificently-coloured  cinnabar-like  crystalline  powder.*  Professor  Duloug 
prepares  chrome-red  by  precipitating  a  solution  of  acetate  of  lead  with  a  solution  of 
ehromate  of  potassa  to  which  caustic  potassa  has  been  added.  The  various  shades  and 
qualities  of  ctirome-red,  from  the  deepest  vermillion  to  the  palest  red,  are  caused  by  the 
difiEerence  in  size  of  the  constituent  crystalline  particles.  This  fact  is  proved  bv  experiment, 
for  when  several  samples  are  uniformly  ground  to  a  fine  powder  the  result  is  the  production 
of  a  uniformly  deep-coloured  hue.  In  preparing  chrome-red  of  a  deep  colour,  everything 
which  might  interfere  with  or  injure  the  crjrstalUsation  has  to  be  avoided.  The  pigments 
commercially  known  as  the  chrome-orange  colours  are  mixtures,  in  varying  proportions,  of 
the  basic  and  neutral  chromates  of  lead,  and  are  usually  made  by  boiling  chrome-yellow 
with  milk  of  lime.  M.  Anthon  recommends  for  the  preparation  of  a  good  chrome-orange 
the  treatment  of  100  parts  of  chrome- yellow  with  55  parts  of  ehromate  of  potassa  and 
12 — 18  parts  of  caustic-lime  made  into  milk  of  lime. 

Chrome-Oxide,  or  This  substance,  Cr^jO;,,  is  used  in  glass-  .ind  porcelain-staining  as  a 
Chrome-o^-een.  couUur  grand  feu,  that  is  to  say,  it  stands  the  most  intense  heat  provided 
no  reducing  materials  are  allowed  to  afEiect  it.  It  is  commercially  known  under  the  name 
of  chrome- g^reen  as  an  indelible  pigment  for  printing,  being  especially  employed  for  bank- 
notes. It  is  prepared  in  various  wavs,  the  finest  being  obtained  by  heating  ehromate  of 
protoxide  of  mercury,  but  this  method  is  far  too  expensive  to  admit  of  any  extensive  appli- 
cation. Dr.  Lassaigne  heats  equal  molecules  of  sulphur  and  yellow  ehromate  of  potassa, 
and  exhausts  the  mixture  with  water,  leaving  the  insoluble  green  sesquioxido  behind.* 
PJrofessor  Wohler  prefers  to  mix  the  yellow  ehromate  of  potassa  with  sal-ammoniac,  to  heat 
that  mixture,  and  afterwards  treat  it  with  water,  leaving  the  insoluble  chrome-green  as  a 
fine  powder. 

Among  other  methods  of  preparing  the  anhydrous  sesc|uioxide  is  the  heating  of  an 
intimate  mixture  of  bichromate  of  potassa  and  charcoal.  The  hydrated  oxide  of  chro- 
mium, according  to  the  formula  Cr^fi^,  is  met  with  in  the  trade  under  a  variety  of 
names,  and  often  contains  boric  or  phosphoric  acids,  not,  however,  as  an  essential  consti- 
tuent (See  Dr.  P.  Sdiiitzenberg^r's  fonnuLa  on  p.  65  for  Guignet's-green),  but  as  a  remnant 
of  imperfect  preparation.  This  hydrated  oxide,  the  preparation  of  which  to  ensure  a  good 
colour  is  ratner  a  difficult  matter,  requiring  very  careful  manipulation,  is  known  as 
Emerald-gn^een,  Pannetier-green,  Matthieu-Plessy-green,  and  Amaudon-green.  The  pig- 
ment is  used  as  an  artist's  colour  and  in  calico-printing  as  a  substitute  for  Schweinfurt- 
green,  but  is  very  expensive. 

ciuKMne-Aium.      This  Salt,  ^  »  I  4SO4  +  24H2O,  is  obtained  in  rather  large  quantities  as  a 

by-product  of  the  manufacture  of  amlinc- violet,  aniline-green,  and  anthracene-rod.  It  is 
a  deep  violet-coloured,  octahedrically  crystallised  substance,  now  used  to  some  extent  as  a 
mordant  in  dyeing,  for  rendering  gum  and  glue  insoluble,  for  waterproofing  woollen 
fabrics,  and  for  the  preparation  of  ehromate  of  potassa. 

Chromie  Chloride.  This  compound,  0^01^,  best  prepared  by  the  decomposition  of  sul- 
phuret  of  chromium  by  means  of  chlorine,  constitutes  a  crystalline  violet-coloured  mica- 
uke  material,  employed  in  the  manufacture  of  coloured  pai)er  and  paper-hangings. 

white-Lemd.    This  Very  important  preparation  obtained  from  lead  is  the  basic  car- 
bonate of  the  oxide  of  that  metal,  its  formula  being, 
PbOCO,  +  x(P^OH») 

X 

According  to  the  method  employed,  white-lead  is  commercially  known  as  of 
Holland  or  Dutch,  French  or  English  manufacture.  The  Dutch  mode  of  making 
white-lead  is  founded  on  the  fact  that  when  metallic  lead  comes  in  contact  with 
the  vapours  of  acetic  acid,  carbonic  acid,  and  oxygen,  at  a  sufficiently  high  tem- 
perature, the  metal  is  converted  into  basic  carbonate  of  the  oxide  of  lead.  It  is 
quite  evident  from  this  brief  statement  that  the  chief  conditions  being  fulfilled,  the 
methods  of  operation  may  be  more  or  loss  varied.  In  Holland,  Belgium,  and  some 
parts  of  Germany,  the  lead — as  pure  as  possible  and  free  from  silver,  which,  even  in 
small  quantities  greatly  impairs  the  good  colour  of  the  white-lead — ^is  cast  into 
thin  strips,  which  are  wound  in  a  spiral  and  placed  in  coarse  earthenware  pots. 
(Fig.  29.)  Common  vinegar  is  poured  into  the  lower  part  of  these  pots,  some  beer- 
yeast  being  added.    The  lead  is  then  placed  on  a  i>erforated  piece  of  wood,  so  as  to 
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prevent  direct  contact  with  the  rinegar.  After  this  the  pots  are  covered  with  lea^ier.- 
plutcs  and  buried  (see  Fig.  30)  in  a  mass  of  horse-diing  or  Bpent-tan  and  dunj^.  The 
fermentation  of  the  dtrng"  cnuses  the  requisite  increase  of  temperature,  and  the 
vmegar  evaporating,  aided  by  the  oxygen  of  the  air,  converts  the  l^ad  into  basic 
ttoetate,  which  in  its  turn  is  converted  into  basic  cax^bonatc  of  lead  by  the  caibonic 
acad  resulting  from  the  fermenting  manure.  This  rather  clumsy  pnjL-ess  litis  given 
phiee  in  Germany  to  the  chnmber  method,  consisting  essentially  in  the  following 
aiTangement.  Inatead  of  the  pots  bmng  made  the  receptacles  for  the  lead,  the  stri| 
of  that  metal  are  bent  and  suspended  on  a  series  of  laths  run  lengthwise  through,  t 
chamber,  on  the  floor  of  ^  hich  Ia  placed  a  layer  of  spent  tan»  marc  of  grapes,  or  othe 
fermentable  material,  s^aturatod  with  vinegar.  An  imjvrnvement  upon  this  arrange- 
ment is  to  have  the  chamber  constniclc^  with  a  double  flooring,  one  water-tight,  the 
other  a  light  planking  perforated  so  as  to  admit  of  the  vapours  of  vinegai'  being 
oarried  into  the  compartment.  The  action  upon  the  lead  iu  in  each  ca^^etho  same; 
it  is  converted  chiefly  into  white-load,  and  this  crude  product  is  purified  from  any 
ndhering  acetate  of  lead  by  washing  with  water  befoix*  being  brought  into  the  market. 
There  is  still  in  xise  in  this  crounlry  a  modification  of  the  method  practised  by  the 
Dutch,  who,  by-the-bye,  ore  not  the  inventors  of  white-lead  manufacture,  the  tme 
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origin  being  Saracenic,  the  trade  being  Sfuccessftilly  carrie^l  on  by  these  semi- 
in  Bouthem  Spain,  whence  the  Dutch  brought  over  the  art  in  the  sixteenth  century 
to  Holland.  This  modifirntion  consists  in  the  iblloT^dng  arrangement : — Granulated 
lead  is  first  moistened  with  alwut  i  "5  p<'r  cent,  of  vineg?ir,  the  metal  being  previously 
placed  on  hurdles  in  a  wooden  box,  the  interior  of  which  is  heated  by  means  of  steam 
to  35**,  some  Btoam  being  introduced  to  keep  the  lead  moist.  If  care  is  taken  to 
gupply  carbonic  acid,  alter  from  ten  to  fourteen  days  tlie  operation  is  finished,  and 
tho  product  having  been  lixiviated  with  w*ater  and  dried,  is  ready  for  use. 
Euduh  w»tK*rt  of  According  to  this  plan  the  niebil  is  melted  in  a  large  iron  cauldron, 
wiiitcLcAd.  ond  then  made  to  How  on  the  hearth  of  a  reverberatory  furnace  ao 
as  to  convert  the  lead,  by  proper  access  of  air,  into  litharge,  which  is  obtained  in  a 
very  finely  divided  state  hy  a  peculiar  arrangement  of  the  furnace*  The  hearth  is 
oonstructcd  with  a  gutter,  into  which  the  fusing  mass  flows ;  and  the  sides  or  walls 
of  the  gruttr^r  are  perforated  to  admit  of  the  paivsage  of  the  molten  litharge,  while  the 
heavier  muttil  sinks  to  the  bott^im.  The  litharge  is  n^^xt  mixed  with  i-iooth  of  its 
weight  of  «  solution  of  acetate  of  lead,  and  then  placed  in  a  series  of  closed  troug 
commnnicatiiig  with  each  other  and  admitting  of  the  passage  of  a  current  of  iinpu 
carbonic  acid,  obtained  by  the  combustion  of  coke  in  a  furnace  j>rovided  with  a  blast 
to  give  au  imjHilse  to  the  gns.  The  litharge  is  continually  stirred  by  machinery  to 
aocclerato  the  absorption  of  the  carbonic  acid  gas.    '\^liite-lead  made  by  this  prooosf 
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covers  very  well,  and  is  preferred  U)  that  prei>are(l  hj  the  Trot  method.    We  may 

mention  in  passing  thnt  it  is  the  custom  in  tins  countr^^  to  bring  white-lead  into  tho 

market  ground  with  linseed  oil  tx>  ft 

tiick  paste,  packed  in  strong  oaken 

egs  or  iron  c;inist*r8. 

Ttraci*  Mrthod  of       This   mothod»    in- 

Tv?!KS!Jd.   vented  by  MM.  The- 

nard  the  elder,  and  Hoard,  is  not 

onlv  generally  arlopted  in  l-'rance 

bnt  in  all  conn tnes  where   it   is 

dcein^d  to  cai^ry  out  a  really  esomid 

and  rational    plan   of    white -lead 

[fntinufacturo,      Tho  method  is   wa 

follows: — Litharge  is  dii^solved  in 

etio  acid  to  obtain  a  solution  of 

•  acetate  of  lead, 

and  through  the  solution  a  current 
of  carbonic  acid  gas  is  passed*  Two 
molecules  of  oxide  of  lead  are  con- 
verted in  to  white-lead,  while  neutral 
acetate  of  lead  remains.  Litharge 
is  agaic  added  to  the  solution  of 
this  salt,  and,  by  digestion,  more 
vubocetateof  lead  is  obtained,  which 
fis  applied  as  jn^t  described. 

The     inaehiner\' 
and  contrivances  at 


*,*."': 


JH 


MAnallM-litru  at 
CUchj. 

Cliciy,  near  Paris,  for  etiecting  tho 
method  just  ejcplained,  are  exhi- 
bited in  Fig-  31.  In  the  tub,  A,  the 
Kthargo  is  dissolved  in  acetic  acid. 
B  c  is  a  stirrer,  moved  by  means  of 
the  shiift  shown  in  tho  engraving, 
bearing  at  the  top  a  pulley  for  the 
strap.  The  solution  of  basic  acetate 
of  lead  can  be  run  off  through  tho 
tap  into  the  vessel  E,  made  of  copper 
and  tinntxl  inside,  tho  object  being 
to  let  the  impui-ities  tho  solution 
I  might  i'outain  subside.  From  E  the  fluid  is  led  into  the  decomposition  vessel  con- 
itructed  with  800  tubes,  which  pass  from  the  top  to  a  depth  of  32  centims.  beneath 
thi>  level  of  the  fluiil .  These  tubes  aro  in  CHimmnnication  with  themain-pipe,  gg,  which 
also  cumraunicatea  with  tho  washing  apparatus,  r,  answering  the  purpose  of  purifier 
for  tho  carlK)nic  acid  gas  generated  in  the  small  lime-kiln,  G,  by  the  ignition  of  a 
mixture  of  2  J  parts  by  bulk  of  chalk  and  i  part  by  bulk  of  coke  with  sufficient  access 
of  air.  Tho  decomposition  of  the  basic  acetate  of  lead  being  finished  in  from  twelve  to 
fourteen  hours,  the  sopematant  liq^uor,  neutral  acetate  of  lead,  is  run  off  into  the 
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▼etsel,  1,  aiid  the  somi-fluid  magrnia  of  whito-lead  passc»s  into  0.  Tho  pump,  r,  senpesl 
to  ttgaln  convey  the  noutnd  acetate  to  tho  tank,  A,  and  the  opomtion  is  ro-coinmenc<NL 
Thcj  white-lead  in  o  is  well  waahod—tho  first  wash -water  being  conTeyed  back  to  tho 
tank,  A— and  after  drying  is  ready  for  use*  In  order  to  obtain  the  carbonic  acid 
cheaply,  it  has  been  proposed  to  ignite  a  mixtnre  of  chalk  or  limestone,  char<  aid,  and 
peroxide  of  manganese  (CaCOj  +  C  +  jHnOa  =  Mn304  -f  CaO  -|-  2CO3. )  Where  ad- 
znisaible,  the  carbonio  acid  resulting  from  the  fermentation  of  l)eer-woi't,  or  of  dis- 
tillery-wash, may  be  applied.  Natural  sources  of  carbonic  acid  sometimes  occur  in 
the  neighbourhood  of  active  or  extinct  volcanoes ;  and  near  Bi-ohl,  close  to  tho 
Laacher  Sea  in  Ehonish  Pnissiaj  a  locality  well-known  to  tourists,  a  very  plentiful 
imd  continuous  supply  of  carbonic  acid  is  naturally  obtained  and  actiially  applied 
for  the  purpose  under  consideration. 

Amouj^  tho  very  various  fluggestiona  for  iraprovwl  mctliodw  of  nmkini^  wliitf-load*  and 
for  wliich  an  enomioiL^  ntunber  of  patently  have  been  taktMi  (mt,  t'Kp*>fm]ly  in  \\\\s  cuiiEtr\' 
and  in  the  United  States,  wo  briefly  mention  tho  foUowiiig  .—MM.  Button  and  Dye  r  firw't 
ilightly  rooiatea  litharge  with  water»  next  mix  it  vnih  a  Pxnall  qtumtity  of  a  solution  of 
aoetato  of  lead^  place  the  nuxtnro  in  a  stone  trou^'-h,  Bgittitiiig  and  iiaxMing  hot  «  arbonii? 
acid  ov^T  it.     Piillu  (1859)  cjiuaes  finijjy-divideil  load  to  Itc  tliroT*-n  with  great  foT^e.  by 
means  of  a  centrifugal  nmohino,  on  an  inclinetl  plane,  care  Xnem^  t^ik^n  to  moisten  the  lead 
with  acetic  acid.     Aft<?r  the  lapso  of  an  hour,  the  fiudy-dividwl  lead  is  converted  intr. 
[ncetaio  and  curbonnte,     A  solution  of  acetate  of  lead  is  then  punjtii  over  tho  mu-wi,  aiwl 
rthe  acetate  of  lead  it  contains  ia  dinodved,  while  the  white  h*ad  it*  curried  into  a  tank,  and 
lUiGr©  forms  a  depo«dt.     M.  Ottlneberg'  (i860)  prcparea  whit<?-lead  by  submitting  granii- 
plfttod  lead  to  the  tdmultanoous  action  of  air,  ficctic^  and  carbonic  acidj  aid^'d  by  the  rapid 
motion  of  the  mctaL     From  private  infomiation  obtained  fi-om  tlic  largest  wJiofc^falt"  hou^e  ] 
in  London,  whose  coimoctionB  and  trade  relulionjs  embrace  literally  the  whole  worhl,  dealing- 1 
in  white-lead,  we  have  learned  that  not  l-ioooth  part  of  the  kmi^KS  itU  technicaUy  termed, 
of  f^:t>jd  und  wilcable  (juiility  met  with  in  the  trade,  is  made  by  theisc  now  processes,  since 
the  products  of  most  i>f  them  are  deficient  in  some  respect  or  other. 
Wiiit0LMd from       It   i»  well-known  that  sulphate   of  lead   (PbSo^)    is   a  by-product  of 
iiaiptttteorLMiL  various  chemical  operations,  especially  such  a«  are  carried  on  m  connection 
with  dyeing  and  calico-printing.    The  salt  of  lead  thuB  obtained  is  a  refuse  which  it  ha«  , 
been  Bought  to  utiliftc  in  many  ways.    At  it  does  not  possess  covering  power,  it  cannot  b©  1 
uiiod  instead  of  white-lend  ns  a  pigment,  and  the  difficulty  of  reclncijig  it  *■        '  '' ,    leadl 
renders  ita  metallurgical  utilisation,  if  nut  imposmblc,  at  letwit  highly  cl  It  f 

hjia  htxm  used  as  a  gaa- purifier  instead  of,  or  in  connection  with,  lime,  and  1  ,  .irpofus 

it  is  a  very  fit  material,  and  by  bc^coming  converted  into  sulphuret  of  lead  it  \aay  be 
afterwards  utilised  as  a  lead  oi-e.  It  in  convertc>d  into  white-lead  by  digesting  it  with  a 
solution  of  either  carbonate  of  tumnonia  or  of  soda.  The  best  methtjtl  for  convertinr  tho 
iiulphiite  of  lead  into  mctaUic  lead  in  to  jmx  the  ivir-driwi  j^dt  with  67  i>er  cent,  of  chalky 
12  to  16  per  cent,  of  charcoal,  and  37  per  cent,  of  fluor-spar,  and  to  tunelt  this  mixture  in  a 
\  furnace.  Tlie  result  is  the  formation  of  C4irbonate  of  lead,  which  is  reduced  to  the  metaHie 
State  by  carbon,  the  sulpliate  of  lead  and  fluor-«n>ar  combining  us  a  Elnq— 

(PbSO.  +  CaCO,  +  2C  -I-  irFLCa  =  K  +  3C0  +  CaisO,  +  »»Fl,Ca). 
Aeooflding  to  Dr,  Bolley,  sulphate  of  lead  may  be  reduced  by  the  moist  methc»d  by  placing 
tibe  aalt  with  irinc  into  water,  tho  result  being  the  formation  of  chloride  of  ^inc  (*»V)  njid 
metallic  lead.*    M*  Kralft  prujwses  to  oonv^  sulphate  of  lead  into  acetiite  of  lead  by 
boUtng  the  former  with  a  solution  of  acetate  of  baryta,  sulphate  of  that  baj*e  (permanent, 
or  Ghmeso-white)  being  simultaneously  formed. 
TbwfTofpFTimrtnf     Leaving  out  of  the  qucirtioa  the  preparation  of  white-lead  from  nul 
While- i4«d.     phttte  of  lead,  the  preparation  of  the  pigment  as  regard  all  the  othor 
metliods  i»  dependent  upon  ; — 

1.  The  formation  of  bawic  acetato  of  lead  ; 

2.  Tlitt  def'onipo»,ition  of  tJuit  compound  into  neutnd  acetate  of  lead  and  white<]ead. 
Viewing  wlilte-lend  for  this  purpCNW  flimply  as  a  carbunato  of  lead,  although  we  shall. 


•  It  reads  in  the  original  oxootly  oa  aboTO  translated,  but  whence  the  clilorinc  for  tho 
eldoride  of  jfinc  i*  to  oome  hna  bwm  left  in  nuhibm  ;  water»  wlphnte  of  lead,  and  meti  Jlic 
*iuc  do  not  net  upon  each  other  QoIeBS  somo  acid  W  pre«<:^nt.  Should  dilute  sulphuric  be 
present  there  will  be  formed  sulphate  of  zinc. 
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preeently  see  that  the  white-lead  of  commerce  is  not  so  simply  constituted,  the  formation 
may  be  illustrated  by  the  following  formulsa  : — 

I.  2{C.HaO|o+3PbO=  {  (C.H^J»}0„2PbHA: 

« ^-^  * ^ ' 

Acetic  acid.  Basic  acetate  of  lead. 

II.  ^^^^'  ]  0,.2PbH,0,  +  2CO,  +  2PbCo3  +  I  (C,H^).  I  o,. 

Basic  acetate  of  lead.  Carlwnate    Neutral  acetate 

of  lead.  of  lead. 

It  is  therefore  evident  that  a  comparatively  very  small  quantity  of  acetate  of  lead  can 
produce  a  large  quantity  of  white-lead,  and  the  manufacture  of  that  material  would  bo 
endless  but  for  the  fact  that  white-lead  retains  some  neutral  acetate  of  lead,  and  that  the 
loss  of  acetic  acid  cannot  be  practically  avoided. 

White-Lead  frnrn  M.  Tourmentin  prepares  white-lead  from  basic  chloride  of  lead,  obtained 
•  chiortdeofLead.  by  the  action  of  common  salt  upon  litharge,  by  mixing  that  compound 
with  water,  passing  through  it  a  current  of  carbonic  acid,  and  next  boilmg  the  fluid  in  a 
leeden-pan  with  powdered  chalk  until  a  test-sample,  when  filtered,  does  not  become 
blackened  by  the  addition  of  sulphide  of  ammonium.  The  white-lead  thus  formed  is  freed 
from  salt  by  washing  with  water. 

Baste  Oitoride  of  Lead  Mr.  Pattinson,  of  tho  Felling  Chemical  "Works,  near  Newcastle-on- 
**  wbite-LSSL**  Tyne,  has  proposed  that,  instead  of  white-lead,  a  basic  chloride  (oxy- 
ohloride)  of  lead  should  be  used ;  and  he  prepares  that  substance  by  adding  to  a  hot  solution 
of  chloride  of  lead  (PbCl„),  containing  from  400  to  500  grammes  of  the  salt  to  the  cubic 
foot,  an  equal  bulk  of  saturated  lime-water.  This  addition  causes  the  throwing  down 
of  the  compound  (PbCl^-j-PbH^O^),  which  after  having  been  collected  on  a  filter  and 
washed,  is  oried  and  used  as  a  pigment.  The  chloride  of  lead  is  obtained  directlv  from 
galena,  which  is  decomposed  from  leaden- vessels  with  strong  hydrochloric  acid.  Tne  sul- 
phuretted hydrogen  thus  formed  is  carried  by  suitable  tubing  to  a  burner  in  the  sulphuric 
acid  chamber,  the  resulting  sulphurous  acid  from  the  combustion  being  used  for  the  pro- 
duction of  sulphuric  acid.  Pattinson* s  white-lead  is  not  so  white  as  ordinary  white-lead,  its 
colour  verging  to  yellow,  but  this  is  no  objection  where  white-lead  is  to  be  used  with  other 
paints,  and  the  less  so  as  Pattinson* s  oxychloride  of  lead  covers  well. 

Properties  of      "When  unadulterated  and  well-made,  white-lead  is  an  exquisitely  fine  whito- 

whlte-iMd.  coloured  powder,  void  of  tasto  and  smell.  Tho  white-lead  of  commerce 
exhibits,  according  to  tho  mode  of  preparation,  different  features ;  one  preparation  is  met 
with  in  flakes,  having  been  obtained  by  the  corrosion  of  thin  strips  of  lead  placed  in  pots. 
The  lead  known  as  Krems-lead  is  pure  white-lead  made  in  thin  cakes  by  means  of  gum- 
"^ji-ater. 

The  variety  of  white-lead  known  as  pearl-white  is  bluwl  with  either  a  small  quantity  of 
indigo  or  Berlin-blue.  The  white-load  of  commerce  has  frequently  been  made  tbe  object 
of  dbemical  analvsis,  especially  by  Dr.  G.  J.  Mulder  and  M.  Griineberg.  The  results  of 
the  analyses  of  the  under-mentioned  samples  prove  tho  correctness  of  tlie  formula  griven 
above.  The  numbers  refer  to : — i.  Krexis  white-lead.  2.  Pi-ecipitated  by  the  Clichy 
method  and  manufactured  at  Magdeburg.  3.  From  the  Harz.  4.  Another  sample  from 
Krems.  5.  A  sample  from  a  chemical  laboratory  by  imitating  tho  Dutch  method  on  a 
limited  scale.  6,  7.  Samples  from  Klagenfurt,  Carynthia.  8.  English  lead  manufacturtxl 
according  to  the  Dutch  method. 

I.  2.  3. 

Oxide  of  lead    . .     8377      8503      80-40 
Carbonic  acid    ..     15 "06       11-89       ii*53 

Water i-oi        2*01        213 

It  is  certain  that  the  covering  properties  of  white-lead  are  dependent  upon  its  state  of 
aggregation,  because  a  loose  crystalline  white-lead  docs  not  cover  nearly  as  well  as  the 
perfectly  amorphous  lead  prepared  by  the  old  Dutch  method.  It  appears  that  the  covering 
power  increases  with  the  amount  of  hydrated  oxide  of  lead.  This  is  proved  by  the  fact  that 
those  who  merely  choose  white-lead  by  its  covering  power  are  ofteii  misled,  a  fact  lately 
tested  by  the  tranislator  of  this  work,  by  giving  to  a  man,  tliorouglily  acquainted  with  white- 
lead  as  commercially  met  with,  a  mixture  of  carefully-prepared  and  dried  hydrated  oxide 
of  lead,  to  which  white  precipitate,  subnitrate  of  bismuth,  and  carbonate  of  bismuth  had 
been  added.  The  man,  after  testing  a  series  of  samples  of  purposely-adulterated  white- 
lead,  all  of  which  he  detected  as  adulterated,  was  unable  to  speak  with  certainty  of  the 
above  mixture,  which  he  took  for  pure  lead. 
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It  hiLB  been,  and  is  still,  to  aomo  ctxt^nat,  the  cuj^tom  m  the  mann 
to  wld  to  white-l'?ad  a  ctrtam  quantity  of  «ulpliat«  of  barytn,  tither  i  ^^ 
ur  iirtiiiciuHy  prepared.  Load  is  often  mixed  with  btilpbute  of  lead,  chalk,  carbonate  < 
b«iryta,  widpliate  of  baryta,  and  pipe-clay;  but  these  adnlterationfl  arc  most  common  in 
the  retail  trade.  Kot  any  of  these  snhstAneea  ought  to  be  present ;  they  pogacfjs  no  oovcring 
power  and  needlessly  absorb  oil.  Pure  white-lend  oup^ht  to  be  perftxtly  soluble  in  very 
oiliitc  nitric  acid,  and  in  t\w  resrtdtinij;  elear  solution  ea untie  potassa  should  not  produce  n 
preeipitate,  for  if  it  does  chalk  \^  present.  An  insctluhle  residue  in  the  dilute  nitric  acid 
indicates  the  pre-^eneo  of  leypsuni,  hea>'y-Epar,  or  i*idpliate  of  lead.  Tlie  f^silphute  of  lead 
may  be  reeognised  by  rediitring-  the  lead  with  tlio  blowpipe.  Sulphate  of  bar\^a  can  bo 
made  evident  by  ijyinition  with  charcoal  in  the  blowpipe  name,  treating*  the  reniduc  ^^ithl 
dihite  hydrochloric  arid^  and  abiding-  a  solution  of  pypsuin,  which  a^ain  yield«  a,  prccipi'l 
tate  of  Kulphato  of  barj-ta.  GjT5-*uin  docs  not  yield  an  insoluble  precipitate  with  dilutel 
nitric  acid,  but  does  so*  with  a 'solution  of  oxjdate  of  aiumoiiiu.  Accordiiijar  to  Dr.  Stein 
the  most  simple  method  of  estimating  quantitatively  a  mlxturo  of  white-lead  and 
iTOlpbate  of  bajryta^  is  to  heat  tlie  wrighetl  Eiani])le  in  a  piece  of  conibu&tion-tube,  and  to 
cullect  the  earboiiic  acid  in  a  Liebig's  pot,<u*-Ha-bulb^  a  cldoride  of  Ciilei urn- tube  being" 
fastened  by  a  perfonited  cork  to  the  coinbui^t ion- tube  to  alwoib  the  moisture.  The 
quantity  of  carbonic  acid  jpriven  oif  stands  in  direct  proportion  to  the  qu.intjtyof  carbonate 
of  lead  present.  Pure  wliite-lead  of  goixl  quality  gives  oif  about  14*5  per  cent,  of  the 
gns,  and,  accoRling  to  Dr,  Stein's  researches,  the  undermentioned  series  of  mixtures  gave 
off  the  qaAntitics  of  carbonic  acid  indicated. 

33'3  part^  of  white-lead  and  666  parts  of  heaTj-spar  loBt  by  ignition  4*5 — 5  per  omt, 
666  .,  ,»  33*3  „  „  „       6'5— 7 

So'O  „  „  200  „  „  „      130 

500  „  ,♦  500  ,,  „  t,      10- 10*4 

Awne«ti(viii  of  Tim  extensive  iippHcatioiui  of  thiji  material  as  a  constituent  of  paint 
wtat«-L««4.  «<t^  give  body,"  as  the  termmnj*,  and,  as  putty,  and  for  various  chemicnl' 
tvnerations,  are  weU  known.  It  baa  been  experimimtally  proved  by  Dr.  G,  J.  Hlihler  in 
hvk  treatise  •*  On  the  Chemistry  of  Drying  Oila  and  the  Prai^ical  Applications  to  be  drawn 
therefrom,"  that  the  quantity  of  white-lead  uaed  in  proportion  to  Hnsec^-oil  for  painting 
pUTposea  is  far  too  great,  being  on  an  average  from  250 — 2.S0  parti*  tif  whito-kad  to  100 
pnrt«  of  oil,  while  the  autlior  found  that  52  parta  of  unadulterated  wliite-ktid,  or  44  parti* 
of  oxido  of  lead  (PbU)  Uy  100  parts  of  raw  or  boiliMi  lin«eed-oil  are  amply  »uiiicient 
quantities.  1i\liite-Iead»  however  useful,  is  very  sensitive  to  tlie  action  of  sulphuretted 
hydrogen,  by  which  it  is  blackened  and  discoloured,  causing  not  only  all  the  white  paint 
to  Im:^  Bjioilcd,  but  also  all  pigments  and  pauntii  of  which  white-lead  is  a  constituent,  as 
may  bo  seen  to  a  very  larirc  extent  every  summer  at  Amsterdam,  where  from  the  f^tagnant 
canals  «ulj>hurett<:tl  hydrogen  is  abundsintly  given  off.  The  action,  however,  of  the  sea] 
air  in  autumn  has  the  ftTfet  of  fiomewhat  restoring  the  blackened  and  diseoloiircii  paint***! 
Burfoeea  to  their  primitive  hue*  Tlie  late  Professor  l^^oArd  Migge'*tod  that  pictureas  which 
had  become  blackened  should  be  cleanM  by  mcmia  of  peroxide  of  hydrogen,  the  oxygen 
of  which  pre^nt  as  ozono  converts  tho  tuadcezied  lead  colours  into  white  sulphate  of 
lead. 

In  this  country  it  has  l>ecomo  an  almost  universal  custom  to  sell  wliite-lead  roady 
ground  with  linseed-oil  into  a  thick  paste*  This  practice  t  crtainly  saves  pnintera  a 
great  de^l  of  trouble,  but  is  also  pregnant  with  the  difficult}' of  det*?cting  adultera- 
tion, while  there  i&  a  chance  of  an  inferior  oil,  rosin  oil,  being  added.  The  oil 
almost  entircdy  prevents  tbo  action  of  any  add  upon  the  pa^te ;  even  if  very  strong 
nitnc  acid  bo  taken,  and  heat  applied,  tbo  decomposition  and  dismtegi-atiou  or© 
wry  slow  and  incomplete,  and,  besides,  owing  to  tbo  insolubility  of  nitrate  of  lead 
in  nitric  acid,  the  action  of  strong  nJtinc  acid  upon  oil  tlius  mixed  gives  rise  to  a 
Vim«jtj*  of  compounds,  which  interfere  with  the  usual  modes  of  testing  the  white- 
lead.  To  remove  the  oil  in  order  to  test  white-lead,  the  best  plan  is  to  thoroughly 
incoqwrato  ^nio  of  the  eamplu  with  a  mixture  of  chloroform  and  sti-ong  alcohol  in 
equal  parts,  and  to  wa&h  tho  moj^  by  decantation  or  on  a  filter  with  n  fluid  com^ 
posed  of  2  pnrta  of  cliloroform  and  i  of  strong  alcohol.  The  quantity  of  the  oil 
may  then  bo  ascertained  by  the  evaporation  of  thLa  aolrent.  After  washing  oncerj 
or  twice  with  boiling  alcohol  and  then  drying,  the  white-lead  can  be  readily  tested 
by  any  of  tho  known  m<Abnds. 
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Tin. 

;Sn  =  iiS  ;  Sp.  gr.  =  7-28,) 
Tin  does  not  occur  naturally  in  a  metaUio  state :  it  is  found  aa 
tti4ii#iL  '  oxide  in  tinstone,  or  tin  oro,  SnOj,  containing  79  per  cent,  of  metal, 
and  as  sulpliurot  of  tin  in  comhiiiation  with  other  metallic  sulphurets  in  tin  pyi-itea, 
(zCuiS  +  SfiS^)  -f  5(FeS,ZnS),SnS2,  with  26  to  29  percent,  of  tin.  Tin  ore  occnra 
either  intersj>er»ed  in  veins*  in  syenitio  and  similar  rooks,  or  in  secondary  formations 
deposited  from  water,  and  consisting  of  various  detrituB»  whun  it  is  known  aawi/fr. 
Theso  ores  are  not  a3  a  rule  simply  composed  of  pure  oxide  of  tin,  but  contain  rariou* 
other  motallic  compounds,  among  which  are  sulphur,  anscnic,  zinc,  iron,  and  copper. 
■  In  some  instanc<?8,  in  Cornwall,  Aralacc^i,  Banca^  and  Billiton,  tin  ore  is  met  with 
s  among  tlio  detritus  of  ancient  river-beds  in  a  very  pure  fitivte»  since  the  mechanical 
separation  of  the  ore  from  impvirities  hns  been  perfonned  by  nature  itself,  and  as  a 
conaequonce  these  ores  jaeld  a  purer  metal  than  the  oro  obtained  from  veins,  which 
f  has  to  undergo  dressing,  washing  with  water,  and  nmsting,  previously  to  being 
smelted,  in  order  to  eliminate  the  arsenic,  sulphur,  and  antimony.  TLnstono  occurs 
in  Saxony  in  the  earlier  granitic  formation,  The  oro  is  accompanied  by,  and  partly 
mixed  with,  wolfrum,  molybdenum -glance,  sulphur,  and  arsenical  pyrit^js,  and  bears 
tho  nam©  of  Zinnzwitter.  Fig  32,  I,  and  II,,  represent  the  fumaco  in  use  at 
AJtenbcrg,  Saxony,  for  smelting  the  roostod  tin  ore.     It  is  built  of  granite  upon  a 

Fig.  32. 
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strong  foundation  3f  gneiss,  and  Is  about  thri  e  metres  in  height  a  is  tho  shaft,  B  the 
fore-heurth,  ami  d  the  hottora-stone,  consisting  of  one  single  piece  of  granite  scooped 
out  in  the  directi-?!:  of  b.  n  is  in  communication  T^ith  the  iron  cauldron,  c;  while  tlio 
tuyere  of  tho  bli^st  is  placed  at  B.  The  ore,  mixed  with  coke,  coal,  or  charcoal,  and 
with  slag  from  former  smeltings,  is  placed  in  A ;  tho  reduced  tin  collects  first  on  tho 
lore-hearth,  B,  and  runs  thence  into  c.  Tho  metal,  however,  is  not  pure,  but  contains 
iron  and  arsenic.  It  is  separated  from  these  impurities  by  a  process  of  litjuation ; 
tho  pure  tin  fusing  more  ix*adily,  oozes  out  end  leaver  behind  an  alloy  of  iron  and 
tin  fusible  with  greater  difficulty.  The  metal  thus  obtained  is  very  pui'e,  containing 
hardly  as  much  as  0*1  per  cent,  of  foreign  metals ;  it  is  known  in  the  trade  as  refined 
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tin.  The  singes,  as  well  as  tho  alloy  remaining,  aro  smelted  separately  or  together 
for  tin,  and  the  result  brought  into  the  market  as  block -tin.  In  Bohemia  and  Saxony, 
tin  is  cast  either  in  ingots  or  in  cakes.  Banca  and  BilUton  tin,  a  very  pure  metal» 
is  coat  in  slabs.  If  tungsten  orc?s  occur  with  tin  ores,  there  is  great  difficulty  in 
obtaining  jmre  metal.  Tin  ore  found  in  Cornwall — and  this  county  hits  yielded  tin 
for  at  least  2,000  ^''ears — has  to  be  smelted  according  to  thrj  ancient  Stannary  laws* 

rn>peiti«>ofTiiu  Tin,  as  regardh  \\a  colour,  approaches  the  iieareat  to  silver,  only 
differing  by  a  aoinewliat  blui«^h  h^e,  and  it  cihibits  a  high  metttUio  luittre  Ycry 
similar  to  alrer.  It  U,  next  to  lead,  ilie  softest  metal,  yet  ia  somewhat  sonorotiST  for  if  a 
rod  of  tin  bp  free  to  swing,  and  i*  gently  tapped,  a  sound  is  produced ;  thLs  its  not  the 
case  under  similar  eonditious  with  lead,  thuu  prodng  tin  to  bo  conBiderably  hauler,  ubo 
proved  by  the  fact  that  it  is  not  eawily  scratched  with  the  nail.  The  bending  of  a  r<Hl  of 
tin  causes  a  creaMng  noise,  which  is  the  stronger  the  purer  the  tin.  Tin  is  Tf^ry  malJeabb\ 
and  admits  of  being  beaten  to  ^TDry  thin  foil,  but  it  Is  not  a  very  ductile  mf  tal.  WTiou 
robbed  between  the  finger*  it  impa^s  to  them  a  peculiar  odour,  Tlie  sp,  gr.  of  jmro  tin 
is  7 -281  and  by  hammering  may  bo  increased  to  7-19  ;  a  cubic  foot  of  tin  weighs,  according 
to  its  purity,  from  375  to  400  lbs.  Tin  fiLses  at  228',  and  becomes  very  brittle  when 
heated  to  nearly  that  t^^mperature.  If  the  metal  is  intended  for  cut^tinir — it  is,  however, 
very  rarely  used  in  a  perfectly  pure  state  fur  casting?,  as  it  does  not  fill  the  moulds  well — 
ita  motallie  lustre  and  degree  of  cohesion  aft<*r  cooling  entirely  depend  upon  the  tempera- 
tore  of  th©  tin  at  the  time  of  existing.  If  too  hot  and  exhibiting  nnntniiw  rolotiri*,  ita  imr- 
fftce  willi  appear  striped  and  rcddii^h-yellow  after  cooling,  and  the  metal  will  l^e  brittl 
if  again  heattd  to  laj^  to  140° ;  if  not  wiifficiently  heated,  thoujjh  in  a  fiuid  strife,  it  is,  afto 
cooling,  dull  and  brittle*  The  greatt'st  metallic  lustre  is  obtained,  and  Mmultancously  thd 
greiitest  cohesive  Htrcngth,  when  the  surface  of  the  metal  while  molten  exhibits  a  high  deg 
of  lustre.  At  a  white  heat  tin  boils  and  volatilises,  air  of  course  being  excluded ;  fori 
if  the  metal  be  kept  fused  in  contact  with  air,  it  Itecomes  covered  with  a  greyi^ih  coating 
of  ppotoxido  of  till  and  finely-tlivided  metals  termed  tin-iiish,  which  substance  when  the 
heating  is  continued  becomes  converted  into  a  ycllowisli-whit©  stannic  oxide,  known  i 
putty  powder.  Tin  by  cxjtosure  to  air  gradually  lo^es  itB  metallic  lustre,  but  i^  by  » 
means  so  readily  affected  by  Kulphurettcd  hydrogen  and  aniinoniacal  vapours  as  aiive 
and  ia  used  to  imitate  that  metal  m  the  constniotion  of  lustres  for  gas  lamps,  &e. 

Appilntkmi  of  Ti».  Now  that  cMna  and  earthenware  have  become  cheap,  and  other  alio j 
areunedfor  spoons,  tin  ia  not  so  frequently  in  demand  as  in  former  times  for  dome  ' 
utcnsDs.  Tin,  though  next  to  silver  the  dearest  of  metals,  is  met  with  in  quantitifl 
measured  by  the  ton,  which  of  tin  varies  in  price  from  £120  to  £iSo— <iopper 
from  £95  to  £105— and  is  largely  used  Ixith  as  an  alloy  (for  thoeo  with  C 
see  under  that  metal  J,  and  in  a  pure  state  for  various  kinds  of  vffSseU  for  phamuuseali 
and  chemical  operations,  for  worms  of  difttilling  apparatuSf  for  tlie  working  parta 
for  dry  and  wet  gas-meters,  and  for  block-tiu  pipes  for  conveying  ^as  and  water,  dre. 
However^  for  many  ptirpoees,  an  alloy  known  in  this  country  as  pewter,  of  lead  and  tin  in 
varying  proportions,  is  preferred,  bpcausG  this  compound  i»  harder  and  stands  wear  and 
taar  better  than  theae  metals  seiMiratcly.  An  alloy  of  lead  and  tin  is  call  '  -  ^  -^  -rl 
t¥Hh-poHndhj  when  tho  metals  are  present  in  ei^ual  quantities,  and  thne^jx'  1 

DOnaisting  of  2  pounds  of  tin  and  1  of  lead.     Tin,  either  pure  or  more  or  less  fd    ^  is 

lead,  may  be  beaten  or  rolled  into  thin  sheets  and  foil,  and  applied  in  a  great  many  wuvi* ; 
among  which,  one  of  the  chief,  although  jrradually  Iwiug  supersedtxl  by  a  process  of  silvering. 
Is  tinning^  or  amalgamating  niirrors.  Tin-foil  is  also  iWd  for  the  packing  of  ehooolate, 
fkoap,  cheese,  fruit,  &c.,  all  of  whieh  keep  very  well  under  these  eonditionn.  Commercial 
«ilirer-foil  or  leaf-silver  is  nn  ollny  of  tin  \%^th  a  little  zinc;  in  combination  with  other 
metals,  ra,  oopi»er,  antinicTiiy,  and  bismuth,  in  varj'ing  bat  small  quantities,  it  constitutes 
n  composition  metal  ustxl  for  making  teaspoons  and  other  similar  ob)ec^ts.  Britannia  metal 
ooDsists  of  10  parts  of  tin  and  1  i»f  autiiuuny,  iU  various  applications  are  well  known. 

As  the  specific  gravity  of  thoft*>  mettil.'*  wUli  which  tin  is  purposely  or  naturally  alloyed 
diffens  the  detemiinatiun  of  the  «p.  ^.t.  is  a  nutans  of  estimating  tho  purity  of  the  metal. 
Tint  undermentioned  ti^nirc^s  illustrate*  thin  in  tho  m€»*0  oommonly  oeeurring  alloys  of  tin 
and  load  :^ 

Parts  Sn  +  Part*  Vh 

:  t  ; 

I        4^        2 
3       +        5 

a      +       7 


8i>.  gr. 
S8640 

Parts  Sn  - 

h  Parts  Pb 

Sp.gr, 

I 

4 

10183 

92650 

3 

2 

8*497 

9*553c 

2 

t 

8-226 

97700 

5         ^ 

2 

Stu9 

9-9387 

3       .^ 

1 

7 '994 

10-0734 

FBEFARATIONS  OF  TIX.  75 

The  material  known  as  putty-powder  and  calcined  tin-ash  is  used  for  polishing  glass 
ftnd  metals,  and  for  producing  white  enamels.  1 

Tinning.  By  this  term  we  understand  the  covering  of  other  metallic  surfaces  with  a  thin 
and  adhesive  film  of  tin.  This  operation  only  succeeds  well  when  the  surface  of  Uie  metal 
to  be  tinned  is  quite  free  from  oxide,  and  when  during  the  operation  the  oxidation  of  the 
molten  tin  is  prevented.  The  former  requisite  is  attained  by  the  action  of  dilute  acids, 
rubbing  and  scouring  with  sand,  pumice-stene,  &c. ;  the  latter  condition  by  the  use  of 
either  rosin  or  sal-ammoniac,  botb  of  which  cause  the  reduction  of  any  oxide  that  may  be 
formed. 

Thminr  or  conjMT.  Brass.  The  vcssels  or  other  objects  intended  to  be  tinned  are  heated 
and  Maiieaue  Iron,  nearlv  te  the  mclting-point  of  tin ;  some  molten  tin  is  then  poured 
into  the  vessel,  and  brushed  about  with  a  piece  of  hemp  over  which  some  powdered  sal- 
ammoniac  is  strewed.  Pins,  hooks  and  eyes,  small  buttons,  and  similar  objects  are  tinned 
by  being  boiled  in  a  tinned  boiler  filled  with  water,  granulated  tin,  and  some  cream  of 
tartar.     The  tinned  objects  are  dried  by  being  rubbed  with  sawdust  or  bran. 

Tinned  Sheet-Iron.  This  well-kuown  material,  from  which  so  many  useful  objects  are  made 
by  the  tinman,  is  not,  as  is  frequently  supposed,  roUed  out  sheet-tin,  but  tinned  sheet-iron. 
Tlie  iron  previously  to  being  covered  with  tin  is  thoroughly  secured,  so  as  to  present  h. 
clean  metallic  surface,  and  then  immersed  in  baths  of  molten  tin  covered  with  a  layer  of 
molten  tallow  to  prevent  the  oxidation  of  the  metal.  On  being  removed  from  the  tin-bath 
the  sheeto  are  immersed  in  a  bath  of  molten  tellow  to  remove  any  excess  of  tin,  wiped 
with  a  brush  made  of  hemp,  next  cleaned  with  bran,  and  packed.  In  order  to  obtain  iron 
covered  with  an  aUoy  less  easily  fusible,  MM.  Budy  and  Lammatsch  add  about  ^th  of 
nickel  to  the  tin- 

Moire-Metonique.  When  tinned  sheet-iron,  technically  termed  tin-plate,  is  washed  over 
with  a  mixture  consisting  of  3  parts  of  hydrochloric  and  i  part  of  nitric  acid  diluted  with 
3  parte  of  water,  and  then  cleaned  with  pure  water,  there  will  be  observed  a  peculiar, 
somewhat  mother-of-pearl-like  appearance,  due  to  the  crystalline  particles  of  tin,  produced 
by  the  rapid  cooling,  reflecting  the  light  unequally. 

rrwEPARATIOXS   OF  TlX. 

AwnmMMjjQm ;  rpj^g  substauco  known  undcr  that  name  is  in  reality  a  bisulphide  of 
tin  (SnSa),  prepared  in  the  following  manner: — 4  ports  of  pure  tin,  with  2  of  mercury, 
are  amalgamated  by  the  aid  of  a  gentle  heat,  and  introduced  with  2  J  parts  of  sulphur 
and  2  of  sal-ammoniac  into  a  flask,  and  heated  on  a  sand-bath,  at  first  gently  and 
tben  gradually  increasing  to  a  full  red  heat.  First  the  sal-ammoniac  volatilises,  and 
next  mercury  in  the  shape  of  cinnabar  mixed  with  a  trace  of  the  sulphide  of  tin ;  while 
there  is  left  the  preparation  known  as  mosaic-gold,  forming  the  upper  layer  of  the 
remaining  contente  of  the  flask,  the  lower  portion  being  a  badly -coloured  sulphide. 
The  rationale  of  the  foimation  of  this  peculiar  coloured  sulphide,  that  is,  peculiar  as 
regards  its  physical  appearance,  is  not  quite  clearly  explained ;  the  compound,  more- 
over, may  be  prepared  without  mercury.  When  properly  prepared,  it  appears  as  a 
golden-coloured  metallic  substance,  greasy  to  the  touchj  and  soluble  in  the  alkaline 
sulphurets.  It  is  chiefly  used  for  imitating  gilding  on  painted  surfaces,  but  ite 
employment  is  very  much  restricted  from  the  fact  that  the  bronze-colours  are  more 
satisfectory  in  result.  Indeed,  in  the  English  market,  mosaic-gold  is  almost  obsolete. 

TtoMdt.  By  the  name  of  tinsalt  the  trade  understands  chloride  of  tin  (SnCl2),  but 
the  commercial  article,  being  prepared  by  dissolving  granulated  tin  in  hydrochloric 
add  and  evaporating  the  solution,  is  really  (SnCl2  +  2H2O).  According  to  M.  Nollner 
hydrochloric  acid  gas  should  be  caused  to  act  on  granulated  tin  placed  in  earthenware 
receivers,  and  the  concentrated  tinsalt  solution  thus  obteined  evaporated  in  block-tin 
vessels.  The  salt  occurs  in  the  trade  in  colourless,  transparent,  deliquescent 
crystals,  of  course  very  soluble  in  water.  The  aqueous  solution,  unless  acidulated 
with  more  hydrochloric  or  tartaric  acid,  soon  deposits  a  basic  salt.  Tinsalt  is  used 
chiefly  in  dyeing  and  calico-printing. 
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"wthjl?^  Under  this  name  dyers  use  a  Bolution  of  refiaod  block-tm  in  aqua 
regia,  and  usually  tins  substance  is  a  mixture  of  porchloride  and  protociilorido  of  tin. 
Tile  material  known  as  pixiksalt  is  a  double  diloride  of  tin  and  ammonium — 

(SuCl4+2NH^Cl). 
A  concoutrated  aqueous  aalution  of  this  salt  is  not  decomposed  by  being  boilcHl,  but, 
"whun  diluted^  the  oxide  of  tin  is  thrown  down*    Pure  chloride  of  tin  is  us^d  in  Franco 
in  the  ^rt'pai'ation  of  fuchaino;  while  as  a  solution  it  is  used  by  M»  Th.  Peter,  at 
Chemnitz,  for  dyeing  in  ifM^ine-green, 

Riaiiaato  of  6t.d»,  This  Bait  IS  uow  vcry  largely  used  in  dyeing  as  well  as  in  calico 
printing,  and  is  prepared  in  Tarioua  ways,  sometimes  by  fusing  tin -ores  mth  caustic- 
soda  and  lixiviating:  the  molten  mass  with  water ;  or,  according  to  Mr*  Brown,  by 
boiling  soda-lye  with  metallic  tin  and  litharge,  the  effect  being  the  formation  ot 
stannate  of  soda  and  metallic  lead.  Dr.  Ilaffely  somewhat  modifies  this  process  by 
digesting  litharge  with  soda-lyo  at  22  per  cent,  in  a  metallic  Tessel.  Into  the  solution 
of  jdumbate  of  soda  thns  obtained,  granulated  tin  is  placed  and  heat  applied .  Some- 
times a  staunite  of  soda  is  used  and  made  by  dissolTing  tin  salt  in  an  excess  of  cauatio 
Bwla.  but  this  preparation  ia  unstable,  and  does  not  answer  well  in  dyeing  and  print- 
inir;  it  is  only  esctemporaneously  used  on  a  limited  scale  by  amaU  dyers. 


BisMimi. 

(Bi=2io;  Sp.  gT*=^97g). 

Bismuth  is  a  rather  rare  metal.  It  occurs  in  Peru  and  Australia, 
chiefly  native,  and  with  cobalt  and  silver  ores  in  granite-gneiss  and  metamorphio 
It  ia  also  found  as  oxide,  the  ore  being  known  as  bisniuth-ochre,  Bi03,  con- 


Ovcnrrettre  BnA  Mo4e 
ofOt^ltilni;, 


rocks. 


tailing  89^9  per  onnt.  motal :  as  sulpMde,  or  bismuthine,  BiSj,  with  80*98  per  cent. 


^ 
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metal;  and  as  bismuth-copper  ore,  with  47*24  bismuth.  As  bismuth  is  chiefly  found 
in  the  native  metalHc  state,  and  is  a  readily  fusible  metal,  its  extraction  from  gangtu^ 
is  not  a  difficult  matter,  and  oansjsta  in  a  process  of  liquation, 

^'"firiiwE"*^       The  contrivance  in  use  near  Schneeberg,  in  Saxony,  for  the  smelt- 
ing of  bismuth  is  exhibitcnl  in  Fig.  33.     The  ore,  contttining  on  an  average  from 
4  to  12  per  cent,  metal,  separated  as  much  as  possible  by  mechanical  means  from  tho  j 
gan|ni««  i^  broken  up  to  the  size  of  hazel-nuts  and  plact>d  in  tho  cast-iron  tube,  ▲* 
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heated  by  means  of  the  furnace.  The  fluid  metal  runs  out  into  B,  an  iron-pot  kept 
BuflBciently  hot  by  means  of  charcoal  to  prevent  the  solidification  of  the  metal,  and 
partly  filled  with  charcoal -powder  to  prevent  the  oxidation  of  the  metal.  The 
residue  in  the  iron  tube  is  discharged  into  the  water  which  fills  the  box,  D.  By 
this  method  of  liquation  about  two-thirds  of  the  bismuth  contained  in  the  ore  is 
reduced.  Bismuth,  as  has  been  stated  (see  Cobalt),  is  obtained  as  a  by-product, 
and  from  the  refuse  of  the  refining  of  certain  silver  ores,  which  are  treated  with 
dilute  hydrochloric  acid,  the  basic  chloride  of  bismuth  being  precipitated  by  water, 
afterwards  dried,  and  reduced  by  means  of  soda. 

vropeitJmofBbara:h.  Bismuth  possesscs  a  reddish-whito  colour,  strong  metallic  lustre, 
and  crystalline  texture.  It  is  hard,  bufc  so  brittle  that  is  readily  pulverised,  yet 
with  careful  treatment  proves  to  be  somewhat  ductile.  Its  fusion-point  is  variously 
given  by  different  authors,  the  latest  determination  of  pure  metal  in  an  atmosphere  of 
hydrogen  is  by  Dr.  van  Eiemsdijk,  who  found  bismuth  to  melt  at  268*3°.  On  cooHng 
bismuth  expands  very  considerably. 

a  is  Saxony,  3  Peruvian  bismuth  ;  composed  in  100  parts: — c.  Bismuth,  96731  ;  anti- 
mony, 0*625;  arsenic,  0*432;  copper,  1*682;  sulphur,  0*530.  3-  Bismuth,  93*372; 
antimony,  4*570;  copper,  2*058. 

Appiirationsor  Bismutli  in  the  metallic  state  ia  chiefly  used  for  certain  alloys.  Its  oxide 
uismuth.  enters  with  boric  and  silicic  acids  into  the  composition  of  some  kinds  of 
glass,  and  is  used  for  porcelain-  and  glass-staining.  The  basic  nitrate,  or  magisterium 
bhmuthi,  and  the  carbonate  are  used  in  medicine,  and  the  former,  \mder  the  name  of 
Blanc  dc  fard^  is  employed  by  ladies  for  painting  and  beautifjring  their  faces.  Among  the 
alloys  of  bismuth  those  with  lead,  tin,  and  cadmium  (see  that  metal),  are  the  most  import- 
ant. Newton's  fusible  alloy  is  composed  of  bismuth,  8  parts ;  tin,  3  ;  lead,  5  ;  and  melts 
at  94*5".  Rosse's  fusible  metal  consists  of  2  parts  of  bismuth,  i  of  lead,  i  of  tin,  and 
fuses  at  93*75.  If  a  small  quantity  of  cadmium  be  added  to  these  alloys  they  are  rendered 
still  more  easily  fusible.  An  alloy  composed  of  lead  3  parts,  "in  2  parts,  bismuth  5  parts, 
fuses  at  91*66,  and  may  be  used  for  stereotyping  purposes,  but  is  rather  expensive.  This 
alloy  is  also  used  for  making  the  pocket-book  metallic-pencil  for  writing  on  paper  prepared 
with  bone-ash.  Alloys  containing  bismuth  were  used  as  safety-phigs  in  steam-boilers ; 
these  plugs  were  screwed  into  one  or  more  of  the  plates  exposed  to  the  force  of  the  steam, 
usually  in  or  near  the  steam-chest  or  dome,  the  idea  being  that  the  plugs  would  melt  if  the 
temperature  of  the  steam  rose  beyond  certain  limits.  Experience,  however,  has  suffi- 
ciently proved  that  these  plugs,  although  carefully  made,  did  not  act  as  a  real  preventative 
to  boiler-explosions. 

ZlXC. 

Zn=r65-2;  Sp.  gr.  =  7*i  to  7*3) 

oecumnceof  zinc.  This  metal,  knowr  only  a  comparatively  short  time,  is  never  found 
native,  but  in  combination  with  sulphur  (ZnS),  with  67  per  cent,  of  metal,  under  the 
name  of  blende  or  black-jack,  the  ore  sometimes  containing  traces  of  indium.  It  also 
occnrs  combined  with  oxygeti  as  noble-cal  amino,  carbonate  of  zinc,  pr  zinc-spai 
(ZnCOj),  with  52  per  cent,  of  zinc;  as  ordinary'  calamine-stono,  or  hydrated  silicate  oi 
zinc,  "with  53*8  per  cent  of  metal ;  as  red  zinc-ore  or  red  oxide  of  zinc,  frequently 
containing  manganese;  as  Gahnite  (AlZn04l ;  and  further  as  an  admixture  with  other 
ores. 

ExSJuSj  zinc.  The  general  plan  is  to  roast  the  ore  and  then  mix  it  with  the  requi* 
site  quanty  of  carbonaceous  matter  and  suitable  flux,  care  being  taken  that  the  latter 
shall  not  give  rise  to  the  formation  of  any  oxidising  material ;  for  instance,  if  the  ore 
requires  lime  as  flux  to  take  up  the  gangue,  calcined  limestone,  and  not  chalk  or 
limestone  is  used.  The  action  of  the  fuel  is  aided  by  a  blast,  best  of  dry  air.  The 
products  of  this  mode  of  treatment  are: — i.  Metallic  zinc,  the  vapours  of  which 
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condense  m  properly  constnicttHl  and  cool  dittnuels.  2.  Hot  gaaes  luniallj  ap^eil 
for  heating  stoiini-boilcre  or  other  pui-poses.  3.  Tho  non-ToUtilemateiialat  f^ongUQ 
and  flux,  slajsr  with  some  metal. 

^''Vi'iilffltt^^^"*'  With  the  exception  of  ctidmium,  zinc-  is  the  most  volatile  of  the 
readUy  fiiBiblo  metals,  while  its  meltiug-point  is  nearly  twice  the  numbor  of  dcp^eos 
of  that  of  tin,  the  mostfnsiblo  of  the  conunorcially  vuluablo  motals;  thiis  property 
is  utilieed  in  extracting  the  metiil  from  it«  orei^.  The  modo  of  distillatiou  vuriea  in 
some  piirticularg  in  the  tlireo  chief  zinc  producing  countries,  Silesia,  Belgium,  and 
England.  In  Silesia  and  Germany  the  apparatus  used  for  tlio  tlistillation  of  zinc 
consists  (aee  Figs,  ^i,  34^  and  35)  of  a  muffle-ahapod  fire-clay  retort,  the  front  or 
mouth  of  which  is  proyidod  with  two  openings,  the  lower,  a,  being  closed  by  a  door 
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which  is  opened  only  when  the  residue  of  the  distillation  is  taken  out*  At  h^  the 
other  opening,  a  rectangularly  bont  tube  is  iustTted,  provided  with  a  small  hole  at  c, 
closed  by  a  plug  when  the  operation  of  distilling  is  proceeding,  and  by  which  the  ore 
is  introduced  into  the  retort.  At  d  the  molten  zinc  runs  olT»  The  muflles  are  placeil 
io  the  Qumbei"  of  irom  10  to  20  in  a  furnaoe  (see  Fig.  36)  constructed  internally  i 

Fio.  36* 


somewhat  like  gas-retort  furnaces,  and  rest  on  what  are  technically  termetl  benches. 
The  arches  of  the  furnaces  are  bo  constructed  as  to  concentrate  the  heat  from  the 
hearths  placed  longitudinidly.    The  metal  is  received  in  crucibles  phieed  in  the 
recesses,  W.    As  the  first  portion  of  the  metal  aod  oxide  carried  over  contains  nearly  ' 
all  the  cadmium  existing  in  thf)  ore,  that  portion  is  kept  separate  for  the  puipose  of  j 
extracting  cadmium.    At  the  outset  of  the  distillation  the  condensation  room,  <,  is  so  ' 
cool  that  the  vapours  of  the  zinc  become  solid  without  agglutination,  that  is,  remain 
finely  divided.     This  product,  though  of  course  containing  oxide,  fif/qiiently  yields 
98  per  cent,  of  metallic  zinc.    Afterwards  the  metal  carried  over  is  Tvhat  is  termed 
drop-zinc,  that  is  to  say,  the  liquid  runs  oflf  in  a  molten  state.     This  crude  zinc  is 
refined  by  another  smelting,  and  comes  in  the  market  in  slabs  about  a  inches  thick 
by  10  Icmg  and  5  t<)  6  wide. 
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MititituoQ  i&  TutvL  At  the  celebrated  zinc-works  of  Yioille  Montague,  near  Lidgo, 
^  Belgium  J  zinc  ore  is  distLlk^tl  in  tubes.  These  tubes  aro  jilftced  lu  rows  in  a  slanting 
position ;  they  are  mode  of  fire-clay,  i  metro  in  length  by  iS  centims.  width  and  5 
opntims.  thickness  (see  Fig.  37),  and  closed  at  one  ond ;  tho  open  ends  are  flush 
with  the  front  brickwork  of  tho  furnace,  in  order  thiit  the  charge  of  ore,  flux,  and 
c^irbonftceous  matter  may  be  introduced.  Fig-  38  exhibits  a  cast-iron  conically- 
shaped  tube,  25  centima,  long,  and  Fig.  39  a  sheet-iron  tube  20  centims.  longt  both 

Fio,  37.  Fio.  38.  Fio.  39. 
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of  which  arc  fastened  to  the  fire-cby  tube  to  receive  the  volntiliaed  metal.  A  yeitical 
section  of  the  Belgian  furnace  used  for  the  distillation  of  zinc  is  shown  in  Fig,  40, 
with  tho  moile  of  placing  the  tubes,  the  closed  ends  of  which  rest  on  a  projection  of 
the  brick-work.   The  ore  h  first  culeined  in  a  shalt-fumace,  and  the  charging  of  tho 

I  tubes  tlattaily  takes  place  every  morning  at  six  o'clock,  when  the  iiro  is  rather  low. 
^^JftcSSijLJ'***  '^^^^  zinc-smelting  as  c-arried 
on ne^jir  Sheffield,  Birmingham,  and  in  WrJea  and 
other  localiticB.  is  performed  by  downward  dis- 
tillation,  Tho  furnaces  represented  in  Fig.  41 
are  constructed  to  contain  six  or  eight  firtj-clay 
crucibles,  rc^  access  to  wliich  is  obtained  through 
holes  made  in  the  fire-arch  of  the  furaacc.  The 
bottom  of  each  crucible  is  ptvrforated  and  fitted 
with  a  tube  to  mrry  off  the  Tolatilised  sdnc  ; 
during  tho  time  of  charging  this  tube  is  closed 
with  a  wocxlen  plug,  which  is  of  course  burnt 
during  the  strong  ignition.  At  first  the  ciTiciblcs  i^ 

are  left  open,  but  as  soon  as  a  bluish  flame  be- 
gins to  show  itself,  tho  covers  are  put  on.     The 
condensation-tubo  is  then  apjilicd  over  a  vessel 
containing  wat^r  to  prevent  the  spirting  of  tho 
metal.     The  zinc  is  ultimately  refined  by  smelt- 
ing in  iron  crucibles. 
Hod*  iwr oituinlo^  Ziiie       There  iiT<*  two  modes  of  utiliM- 
ifc»"iitocPj«cii''of'tiM5  iiig   fhii*  ^i'lo  mineruL      In  ♦^ne 
Btigllsb  Kineiv         plan  the  svd ph  itrt- 1  i«  ti^^st  Kiast^:^! 
10  M  t(i   convert   it  into   oxide,  and  thuu  treated 
IS  htfore  described;   or  the  ore  is  directly  applied 
by  addinjET  a  ciuantity  of  ii%^n  oi-e  auffiiimt  to  dt^Hul- 
phiirific  it,  lime  being  used  as  flux.     The  irtJii  ore, 
i^         '       ing  water  or  carbotiic  iidd,  oujflit  to  \m 

reviouMly  to  beiuj;'  tjHod  for  this  pui-pof*  ;  y  ^^^ 

:  ..        id  of  ijyjn  ore  mutjdlie  iron  is  often  uiicmL  Ltj^t^l$''#rf-'^'i  <r''^' 

iKr.    fcjwindells    has    prijposed    to    ailcino    native 

'^Wilpburet  of  zinc  with  common  salt,  the  result  being  the  fonnuticm  of  sulphate  of  eoda 
ntiri  chloride  of  zinc.  TLe  mass  being'  lixiviatifd  with  water,  frttm  wHch  the  Diilphato  of 
soda  crystaUisea^  the  chloride  of  zinc  remains  in  solution  and  i^  prtcipitateil  by  means  of 
lime,  yielding  oxid»>  of  zinc.     Tliia  oxide  in  treated  for  metn!  in  the  ortlinary  manner. 

Propcrikivrsiiio.  The  colour  of  zinc  ia  bluish-whit^?  or  grey  :  it^  erVHtallino  structure 
TATies  oceording  to  its  purity,  and  acoording'  to  tho  t<?Tn|>er«tiLre  ut  whioK  it  waa  ca,st  and 
the  more  or  lew  rapid  ci>oling.    When  rinc  is  ca«t  and  r«i>idly  cooled  the  **pof'ifio  gravity 
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U  7*178,  but  when  rfowly  cooled  it  is  7*145,  ^"^^  by  haiiiin<?riiig' and  laminating'  : 
increased  io  7*2  nnd  even  7*3.     A  cubic  foot  of  zinc  wvighs,  therefore,  from  36010  39 
5^inc  is  ftligbtlv  harder  than  eilvi^r,  but  like  lead  and  tin  it  ia  not  tittt-d  for  filing,  \ 
thr>kca  the  toctili  of  thp  lilfsi.     Wlitn  purp,  xinc  is  sonorous ;  it  ia  a  brittle  metal  poasi 
<d  u  very  small  absolut/j  tonacity,  but  offirn  a  ifrrpat  resistance  to  cnij^hing  weight,  wbenl 
not  subjected  to  sudden  blows.     Very  pure  zinc  may  be  hammered  out  at  the  ordinary 
temperature,  but  tht?  malleability  ia  erroatc'st  at  terapera- 
YiQ.  41,  ture«  between   loo"  and   150**     Zinc  iiielta  at  412"  in  the 

open  air,  and  perfectly  pure  zinc  jmAU  in  an  abnofiphere  of 
hydroirtTi  at  420^    According:  to  Mil.  Tmoet  and  D€'\illo 
riuc  volutih.*e!s,  air  or  oxygen  being  excluded,  fit  1040*,  and 
may  l)e  diatilled;  when  heated  in  contact  with  air  to  ^oci" 
/ine  bums,  emitting  a  very  strong  greenish  blue-€olourod^ 
lights  and  forming  oxide  of  jfinc  (zinc-white),  which  is  notl 
voliitile.     Of  all  the  raetfds  used  on  a  large  scale,  zinc  has 
the  highest  coefficient  of  exj>anBion  by  lieat,  it*  longitudinal 
rxxiftnsif.in  for  temperatures  from  o"*  to  100',  being  fur  cust 
zinc  jjj,,  for  sheet  zinc  ^J^,  con'^ecpiently  molten  zinc  grctitljrj 
contracts  wliile  co'^lin;^.     The  malkability,  tenacity,  anal 
coheisive  forre  cf  zitir  ur*^  greatly  impaired  by  temix'raturwftj 
ranging  from  150''  to  200^,  at  which  dnc  may  be  pulveri!*ed-f 
Superheated  steam  oxidises  zinc  (H^O  +  Zn  ^=  ZnO*j-  HJ# 
and  this  property  is  made  u.m?  of  in  tlie  8M3paration  of  thi» 
metid  from  lead.     When  exix>?ied  to  a  moiijt  atiuospheroj 
zinc  is   supc'Tficially  oxidise<tt   but   aa  the  oxide   adJiieren 
strongly  to  the  met:d  further  corrodon  is  prevented.     Ziuitti 
ia  so  readily  oxidised  and  acted  ypon  by  water,  weak  acids, 
find  nlkalies,  that  it  i'^  not  at  all  a  suitable  metal  for  vessek 
^  !    iiled  to  hold  p>table  liquids  or  moist  solids,  as 
inccs  take  up  zinc  and  become  polsonoiUBt.    An  \ 
.  .  .  ^  V  ^  ,.,  .jjI  of  load  i-enders  ztuc  far  more  malleable  j 
but  if  tlio  zino  ifl.to  be  u«ed  I-  -n  of  brass,  even  025  percent,  of  lead 

injurious,  and  for  brnAs-maki'  ing  lead  is  avoided.     Zinc  oft^n  oontoil 

Homo  0'3  percent,  of  iniu,  but  tliL-*  doer*  in>t  impair  the  good  quality;  the  ii\>n  i»  usuallj 
derived  from  the  iron  pots  u<Hi:?d  for  re-meltijig  the  crude  metal ;  if,  however,  the  quantity 
of  ir*>n  increaaes  the  zinc  becomes  brittle  and  craeks.     Ztno  obtained  from  calamine  is"* 
Ufiually  puTor  than  that  t«Vttaintd  frf -m  the  nntlve  Bulphuret.     The  black  residue  remaining 
when  zinc  is  dia^jlved  in  acid* ;  and  often  mistaken  tor  a  carburet  of  zinc,  ia  a  mixture  iii 
viirioiLs  jiroportioua  of  iron,  lead,  and  carbon.     The  more  impure  tho  zinc,  the  more 
readily  it  b  didwlvetl  in  acids,  bat  by  careful  distillation  zinc  may  be  almost  ontiroly 
freed  from  any  foreign  mctak.    In  contact  with  iron  zinc  prerventd  tho  oxidation  of  that 
mi't^»    Zinc  precipitates  copper,  silver,  lead,  cadmium,  anenio,  antimony^  and  othon 
from  thfdr  solutions. 

AffUMitowofZLitc         This  metal  is  very  largely  used  for  covering  roofs,  making  water- 
sponts,  tanks  for  holding  water,  and  for  various  architectural  purposes.     It  should 
bom©  in  mind  that  for  rojjfing  purposes  zinc  is  in  so  far  dangerous  as  to  greatly  increo 

tho  intensity  of  fire  frhotdd  buildings  covered  witli  zinc  become  ignited ;  one  iustaiiGO     

this  danger  was  cxhibitetl  in  Man  h,  1S66,  when  the  hiigc  wooden  buil<ling  then  standing 
in  Lower  Kcnnington-liine.  and  ustd  as  a  ft<x>r-cloth  factor}',  caught  tire,  tbe  buroinff  m 
the  sheet*  of  zinc  f-  ''  f  producing  a  heat  «<">  intense  as  to  ignite  no  leas  3ian 

sixtoen  a4ji>o^t  hni-  1  se  were  from  20  io  30  yards  from  the  burning  shed- 

Zinc  is  u^   in  g.i  »  in  various  alloys,  in  chemical  laboratories,  and  for 

galvanising  ircm  wiret«,  iis  well  as  for  the  preparation  of  zinc-wliite,  and  for  varioaa 
omameutid  casting*,  which  are  nuido  in  iron  moulds  pre^-iously  thoixjughly  heated  to 
prevent  n  too  mpul  erM»Hug  and  contmction  of  the  metal.  Tlie  Prussians  mnki'  use  of  jdntj 
for  cartridges.  The  tnt^d  annuwl  pnxiuction  in  Europe  of  thiB  metal  amounted  (1S70)  to 
2,154,000  cwts,,  of  which  England  produces  150,000  cwt**. ;  in  the  inetivpolis,  Viiille 
MvintJigne  (Belgium)  zinc  is  almost  exclusively  used. 
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iti«e.wMi».    rnder  this  name  tboro  has  during  tbe  la^t  loan  teen  year&  been  bi-ouglil 

into  tho  market  anhydrous  white  oxide  of  zinc,  applied  instead  of  whito-leatl  as  a 

pif;;m«;nt,    Zinc-whito  ia  prepared  for  this  purpose  by  oxiditnng  motnllic  zint*  in  lire- 
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day  retorts,  placed  to  the  number  of  8  to  1 8,  in  a  reverboratory  fumaco.  As  soon 
as  these  retorts  are  at  a  bright  white-heat,  cakes  of  zinc  are  placed  in  thorn,  and  the 
vapours  of  the  metal  on  leaving  the  retort  are  brought  into  contact  with  a  current 
of  air  heated  to  300** ;  oxidation  results,  and  the  oxide,  a  very  loose,  snow-white, 
flocculent  material,  is  carried  by  the  current  of  hot  air  into  condensing  chambers, 
and  gradually  deposited.  The  oxide  thus  prepared  is  immediately  fit  for  use ;  it  is 
of  a  pure  white  colour,  and  very  light,  ^nc- white  is  also  prepared  by  exposing 
metallic  zinc  to  the  action  of  superheated  steam,  hydrogen  being  at  the  same  time 
evolved,  and  used  for  illuminating  purposes,  as  at  Narbonne,  St.  Chiuian,  Ceret, 
and  a  few  other  places,  where  it  is  known  as  platinum-gas,  because  the  flame  is 
used  for  imparting  a  white  heat  to  small  coils  of  platinum  wire,  thus  producing  a 
very  steady  and  highly  pleasant  light.  As  regards  the  use  of  zinc-white  as  a 
pigment,  it  is  rather  more  expensive  than  white-lead,  yet  according  to  some  is 
a  better  covering  material  in  the  surface  proportion  of  10  to  13,  that  is  to  say,  13 
parts  by  weight  of  zinc- white  cover  as  much  space  as  10  of  white-lead ;  moreover, 
zinc- white  is  not  afTected  by  sulphuretted  hydrogen.  Like  white-leaf,  this  com- 
pound may  be  mixed  with  other  pigments.  By  mixing  Hinmann's  green  with  it  a 
green  colour  may  be  obtained ;  blue  with  ultramarine ;  lemon -yellow  with  cad- 
mium orange-yellow  (sulphurot  of  cadmium). 

White  vitHoi,  soiphat*         Zinc- vitriol  (SZnO^-f-yHJ,  sulphate  of  zinc  or  white  vitriol,  is 
of  Zinc  found  as  a  native  mineral,  as  a  product  of  the  oxidation  of  zinc- 

Uende ;  it  is  also  prepared  by  dissolving  zinc  in  dilute  sulphuric  acid,  and  by  roasting 
native  zinc  sulphuret.  This  vitriol  occurs  in  white  agglomerated  crystals  and  in  small 
acicular  shaped  crystals,  as  purified  sulphate  of  zinc ;  it  is  used  as  a  "  dryer  "  in  oil  paints 
and  varnishes ;  as  a  mordant  in  dyeing,  for  disinfecting  purposes,  and  sometimes  as  a 
aouroe  of  oxvgen,  since,  on  being  submitted  to  a  red  heat,  it  gives  off  sulphurous  acid  and 
oxygen,  oxide  of  zinc  remaining. 

ciiroinateofzinc.  This  preparation,  obtained  by  precipitating  a  solution  of  sulphate  of 
zinc  with  bichromate  of  potassa,  is  a  very  fine  yellow-coloured  powder,  used  now  and 
then  in  pigment  printing,  because  it  is  soluble  in  ammonia,  and  thrown  down  again  as  a 
powder  msoluble  in  water  when  that  menstruum  is  volatilised.  A  basic  chromate  of  zinc  is 
nsed  as  a  pigment  in  the  paint  trade. 

GkiorldeofZino.  This  compound  of  zinc,  ZnCl^,  is  obtained  either  by  dissolving  zinc  in 
hydrochloric  acid,  or  more  cheaply  by  causing  the  hydrochloric  acid  ^as  given  off  in 
manufacturing  soda  to  act  upon  native  sulphuret  of  zinc.  By  this  action  sulphuretted 
hydropen  is  formed,  which  can  be  burned  to  produce  sulphurous  acid  for  the  sulphuric 
acid  chambers.  The  solution  of  chloride  of  zinc  thus  obtained  is  evaporated  to  the  con- 
aiatency  of  a  syrup. 

Anhydrous  chloride  of  zinc  is  obtained  by  heating  an  intimate  mixture  of  dried 
sulphate  of  zinc  and  chloride  of  sodium ;  chloride  of  zinc  is  formed  which  sublimes,  and 
sulphate  of  soda  which  is  left  behind  (ZnS0.4-2XaCl=Na  SO^-f-ZnCl,).  This  anhydrous 
chloride  may  be  sometimes  advantageoueuy  used  insteaa  of  strong  sulphuric  acid,  for 
ixuBtunce  in  rape  and  colza  oil  refining,  and  perhaps,  although  it  would  be  more  expensive 
and  less  manageable,  in  the  manufacture  of  garancine  from  madder.  This  chloride  has  of 
late  been  applied  instead  of  sulphuric  acid  in  the  manufacture  of  stearic  acid,  and  in  the 
preparations  of  ether  and  parchment  paper.  Chloride  of  zinc  in  a  strong  and  crude  solu- 
tion is  largely  and  very  successfully  used  for  preserving  timber ;  in  paper-making  for  the 
decomposition  of  bleachinpf  powder  for  bleaching  the  half-stuff  and  rags,  and  also  in 
sizing  the  paper.  The  disinfectants  sold  as  Sir  William  Burnett's  Fluid  and  Drew's 
Disinfectant  are  solutions  of  chloride  of  zinc.  The  salt  used  in  soldering  iron,  zinc, 
pewter,  &c.,  is  a  compound  of  the  chlorides  of  zinc  and  ammonium  (zXH^Cl-j-ZnCl,) ;  its 
solution  is  obtained  by  dissolving  3  parts  by  weight  of  zinc  in  strong  hydrochloric  acid, 
and  adding,  after  the  solution  is  complete,  an  equal  weight  of  sal-ammoniac.  Oxychloride 
of  zinc,  obtained  by  mixing  oxide  of  zinc  with  a  concentrated  solution  of  chloride  of  zinc, 
or  with  solutions  of  chlorides  of  iron  or  man&ranese,  has  been  recently  proposed  by 
1C.  Sorel  as  a  plastic  mass  suited  for  stopping  hollow  teeth. 
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Cadmium. 

(0d  =  ii2;  Sp.  gr.  =  8'6.) 
-^  This  inotal  ia  raUicr  rm\\  and  aa  yet  of  y^Ty  limited  uso ;  it  is  a  constant  com- 
^nion  of  zinc  in  vaiying  quantities^  but  is  only  found  in  the  Silesian  zinc  oree  in 
sufficiency  to  repay  the  trouble  of  extraction.  It  wa^  di.^eovorod  eu?  a  distinct  metal 
by  Dr.  Stromeyer,  at  Hanover,  and  Dr.  Herman,  at  Schonebock,  in  1817.  A3 
I'egards  its  properties,  cadmium  stands  between  zinc  and  tin ;  the  colour  and 
metallic  lustre  of  cadmium  are  similar  to  those  of  tin ;  it  is  ductile  and  malleable,  but 
more  readily  act^ijd  upon  by  atmospheric  oxygen  and  moisture  than  tin.  The  specific 
gravity  of  catlmium  is  S'6  ;  it  melts  when  quite  pure  in  an  atmosphere  of  drj*  hydro- 
gen at  320°,  and  boils  and  volatilises  (air  and  oxygen  being  absent)  at  860**  to  746'2*. 
The  cadmium  sold  by  manufactxiring  and  opemtive  chemists  and  opticians  is  in  small 
round  bars,  weigliing  from  60  to  90  grms.  Sile&ian  calamine  ore  contains  about  5 
percent,  cadmium  ;  the  same  ore  found  near  "Wieslock  2  per  cent. ;  the  zinc-blende 
found  at  the  Upper  llarz  contains  from  0*3 5  to  0*79  per  cent,  cadmium  ;  zinc-blende 
from  Przibram,  Hungary,  17S  per  cent.;  and  the  zinc  oro  of  Eaton,  in  North 
America,  about  3*2  per  cent,  cadmium.  Such  ores  g:ive  off,  while  being  heated  in 
the  zinc  furnace,  a  brownish-coloured  smoke,  consisting  of  carbonate  of  zinc  and 
metallic  cadmium  ;  this  smoke,  condensed  separately,  is  used  as  cadmium  ore,  and 
reducod  by  means  of  charcoal,  tho  materials  being  placcfl  in  iron  retorts  and  the 
metal  distilled  over,  next  refined,  and  cast  in  the  small  bars  mentioned  above. 
The  annual  production  of  cadmium  in  Belgium  from  Spanish  zinc  ores  amounts  to 
about  5  CT\"ts« ;  while  Silesia  produces  some  2  cwts.  annually. 

Mixed  with  lead,  tin,  and  bismuth,  cadmimn  forma  tho  ao*called  Wood's  alloy  or  f  u«tiblo 
metal,  consisting  of  Ciidukiuiii,  3  parts;  tin,  4;  bi«miith  15;  ftad  lend  S  parta ;  this  alloy 
fuses  at  70%  and  is  u«ed  for  stopping  tc^ti,  and  for  soldering  iniririciil  inatnimeiit 
M.  Hofcr-Grosjean  tmed  as  stereotype  metal  an  ftUoy  ounsistiii;?  of  luad  50,  tin  36,  and  ca' 
miimx,  22'5  parts.  The  only  pTcpamtion  of  cadmium  tvelmically  u«4d  to  any  c^^ 
rmXmixxm-yvViovf^jaHnebnUiafU  (CdS),  pulphurt't  of  eadmium,  iippbcd  n^  ft  pi-i 
pftititing,  and  Lu  pyrotctchny  for  producing  blue-coloured  ftaniCM.  This  preparer 
obtained  by  precipitating  a  *ijlution  of  sulpbateof  cadmium  with  sulphnrct  of  .^iKiiian,  and 
then  thoroughly  waabiug,  preaKing,  and  diyiuK  the  prmpitaU^  Dr.  Van  FUero*dijk,  of 
tho  Utrecilt  Mint,  while  experiinenting  with  cadmium  and  seine,  botli  pure  and  kept  fused 
in  an  atmospbcre  of  pure  dry  hydrogen,  found  that  tlaew?  metals,  though  perfectly  non 
volatile  at  their  point  of  fusion,  and  while  kept  fluid  at  that  tcmpcTature,  became  pcrocp.^ 
tiUly  volatilised  at  a  few  degrccfl  above  this  point. 

Airrmoxy. 

(Sb=i22,*  Sp.  gr.  =6712.) 

Aftitnumr.     Tliis  metaU  Iklso  named  stibium,  is  chiefly  foiuid  in  combination  with 

Fiilphnr  as  black  antimonial  ore,  or  glass'  of  antimony,  containing  71*3  percent,  of 

metallic  antimony,   formula  (SbaSj),  in  veins   interspersed  among  granite  and 

nietamoq>hic  rocks.     Antimony  also  occurs  as  oxide  (Sb^Oj)  in  tho  minerals  known 

as  Yolentinite  [rhombic)  and  Senarmontite  (tosseral),  this  last  variety  being  found 

in  large  quantities  in  Constantine,  Algeria,  and  in  Borneo*     The  black  sulphuret 

of  antimony  is  separated  from  the  ganguo  which  contains  it  by  the  application  of 

heat,  as  the  sulphuret  is  very  fusible. 

The  operation  Ib  carried  on  at  Wolfftber^,  near  Harz^rode,  Germany,  by  plaein^  the 
broken-up  ore  and  vangue  in  crucjhlea,  t  (Fig.  42),  perforatcHi  at  tJio  bcvttom,  and  pTaocd 
on    a    Biaaller  crucible,  r,    surrounded    with    hot    »aud    or    a^.      The    walU  aro   of 


bri4:kwork,  ao   constructed  with  upetdngs  for   cauainff  a  draught  us  to  canrey  mo»t 

hta,t  to   the   upper    crucible.     Wood  is  used  a«  fueL     In  other  localities,  especially 

in  KungikTy,  the  apparatus  exhibited  iu  aeotion  and  plan  in  Figi.  43  and  44  is  uacd.    As 

will  be  seen  the  principle  in  the  ?ame, 

but  both  the  crucibles  eontaininjBr  the  Fio.  4^. 

ore,  and  the  receiriujo^  crucibles  outfiide 

the  furnnoe,  and  ct)rmect*'d  bv  means 
>  of  tubes  with  the  ins^ide  cnnnLles,  are 
t  more  conveniently  placed.  The  liqua* 
I  tion  of  the  rather  fu'iible  autinumy 
I  ore  18  most  readily  and  conveniently 
[  iwrformed  in  tlie  hearth  of  a  peculiarly 
I  constructed  revcrberatory  fumnee,  ex- 
f  hibit"'^   '■     ''- J"   45  ;  the  main  piunt  uf 

the  iit  of  the  hearth  Wing 

tbut    '  11  bluek  sulphiiret^  col- 

( Itsjted  jit  Uxr  iuweHt  level,  runs  through 
'  thf*  -Tv^nt*  e,  to  th**  n^^eivcrt  f,  placed 

1  mode- 
Utter 

|,,...  ...    ,M.   ..i- ....... u   ..  .....rti^^  heat 

ii»  required  to  eluninnte  all  the  sul* 
Iphuret^     The  oponini?  at  /   is  now 

olosed  with  a  plug.     Not  uutU  the  ffan;?ue  becomea  fitenu'dtt^'d  U  the  opeiiition  linii«ht  d, 

irheu  the  heavier  sulphiu'et  coUtxited  unler  the  ala^  is  run  off  by  the  opening  of  the  plu}^ 

'/' 

Fio*  43*  f'^*^*  44- 


Metftllic  antimony  is  obtained  from  the  black  sulphuret,  eithor  by  roaaUng  or  by 
nmelting  it  with  suitable  fluxes.  In  tlio  former  instance  tho  siulphnret  is  place<l  on 
the  heflrth  of  a  roverl)4]irator5'  furnuco  and  continuously  stirred,  whilo  a  supply  of  aii 
bos  access  to  the  molten  mass  ;  tho  calcination  19  continued  until  tho  bulk  of  the  ore 
b  converted  into  antimoniuto  of  antimony-oxide.  This  material,  also  known  at 
antimonial  ash,  is  reduced  to  metal  in  crucibles,  and  for  the  reduction  heat  tilone 
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would  answer,  as  the  cftlcined  oro  alwa}*3  coutaitis  undecomposed  sidplaiiret  oil 

antimony  (3Sb40s-f  4SbaS3=2oSb-l'i3SOa);  but  as  some  oxido  of  antimony  would 

b«  lost  by  volatilisation,  the  crudo  antimonial  ash  is  mixed  vrvih  crude  argol  or 

with  charcoal-powdor  and  carbonato  of  soda.   A  strong  red  boat  is  snfficiont  for  tho 

reduction,  and  it  is  customary  to  aDow  the  metal  to  cool  slowly  under  the  supor- 

nattint  slag,  in  order  to  obtain  tho  peculiar  crystallino  appearance  dcsijred  in 

metallio  antimony  in  the  trade. 

By  another  mode  of  operation  the  sulplim'  is  first  itTmovod  from  tho  black  sulphuitft  by 
means  of  iron,  but  which,  if  need  by  itself^  preftontii  u  difficulty  arisiug  from  the  almost 
equal  specific  gravitiee  of  the  metallic  antimoisy  aiul  milphnret  of  iron,  rendering  thesepo-^d 
ration  of  these  substances  too  imporf  eet  to  admit  of  tlie  ii»o  of  iron  alone ;  consoquently,  ' 
either  carbonate  or  sulphate  of  soda  or  pot^isaa  is  addctl,  whicli  tenda  also  to  inoreu-se  the 
fioidity  of  the  slag.      lOO  porta  of  black  aiilphtirct  of  antimony,  42  parts  of  malleable 
iron,  10  parts  of  dry  sulphate  of  soda,  and  3^   part^  of  ehare'ynl  powder  art?  the  pro* 
portions.     In  order  to  diminRte  the  arsenic  from  tho  metallio  nntimimy  thus  obt^aineo,  i6r1 
parts  are  taken,  and  there  are  added  2  parts  of  i>ix»to8ulphuret  of  iron,  i  of  mdphuret  of ' 
aiitimony,  and  2  of  dry  soda;   thii«  mixture  is  kept  fused  for  fuJly  one  hour's  time, 
the  resulting  metal  ii  next  fiiicd  with  i\  parts  of  «€da,  and  a  third  time  with  i  part 
of  soda,  untal  the  supernatant  tdag  attains  a  bright  yellow  colour, 

preptrtici  bf  A&timoiir.    The  metallic  antimouy  of  ccnimerce  is  never  quite  free  fron 
arsenic,  Iron,  copper,  afui  sulphur ;  the  iafluenco  of  theso  impurities  on  tho  physic 
properties  of  antimony  is  not  well  ascertained,  as  those  of  chemically  pui'o  antimany' 
aj«  not  well  known. 

Antimony  may  be  purified  by  fusing  it  with  oxide  of  antimony ;  the  sulphur 
and  iron  are  oxidized  and  some  of  tho  oxide  of  antimony  reduced  to  metal.  For 
pharmaceutical  purposes  antimony  is  purified  by  tho  addition  to  the  molten  metal  of 
pure  saltpetre,  but  this  process  is  attended  witli  a  loss  of  antimony.  Aiitiinony  pos- 
oesses  a  nearly  silTer- white  but  slightly  yellowish  colour,  strong  metallic  lustre,  and 
a  foliated  crystalline  structure ;  it  crj^etaUises  like  arsenic  and  bismuth  in  rhomboidic 
crystals.  The  specific  gravity  of  antimony  is  =6712;  it  melts  at  430^*,  the  pure 
metal  fuses  at  450*,  and,  accoi-ding  to  Dj-.  Duflos,  does  not  expand  on  cooling* 
Antimony  is  volatilised,  air  and  oxygen  being  excluded,  only  at  a  bright  white  heat 
It  is  a  very  brittle  metal,  neither  ductile  nor  malleable,  but  harder  than  copper. 
Antimony  forms  alloys  readily,  imparting  to  them  some  of  its  own  brittleness  and 
hardness;  it  is,  therefore,  added  to  tin,  Icmd,  and  pewter,  in  small  quantities, 
to  render  these  soft  metals  hard.  As  antimony  is  not  readily  acted  upon  by  air»  it 
has  been  suggested  to  electrotype  copper  with  a  thin  layer  of  this  metal.  The 
powdetr  sold  as  ironblack,  and  used  to  give  to  j^npier  mncJtS  and  plaster  of  Paris 
figrtres  the  appearance  of  polished  steel,  is  finely  divided  antimony,  obtuined  by  pn?ci- 
pitating  that  metal  from  its  solution  in  an  acid  by  means  of  metallic  Jsinc ;  this 
powder  is  also  used  to  impart  a  luatr»j  to  ca^t  zinc  omameiits.  The  chief  use  mnde 
of  antimony  is  as  an  alloy  for  printing  t\T)e,  which  usually  consists  of  4  parts  of 
lead  and  i  of  antimony  with  a  small  quantity  of  copiHsr.  Antimony  also  enters  into 
tho  hard  sO'^called  anti-friction  alloys  used  for  the  bearings  of  machinery* 

AKTIMONIAI*  PRirAKATIONS  IK  TECHNICAL  IJSE. 

OAlAtoTABiimMf.  This  Bubstance  (Sb  0^.  obtained  by  calcining  Bulphuret  of  antimony, 
or  by  the  precipitation  of  a  solution  of  chjoride  of  antimony  mth  a.  solution  of  carbonais 
of  soda,  finally  washing  and  drying  the  precipitate,  has  of  late  been  mted  as  a  sabstitnto;. 
f<ff  whito-leao,  but  docs  not  coror  so  wcU  and  la  more  expensire,  though  it  is  not  affie"^"** 
by  tfdpikmrcttod  hydrogen.  As  thifl  oxide  takes  up  oxvgen  in  the  presence  of  alkolieji, 
is  cMmverted  into  antimonic  acid  (Sb^O^},  it  has  b«en  lately  proposed  for  use  in  the  pr 
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ration  of  aniline  red  and  for  the  conyersion  of  nitrobenzol  into  aniline;  also  for  the 
preparation  of  iodide  of  calcium  by  keeping  antimouic  oxide  suspended  in  milk  of  lime, 
and  adding  iodine  as  long  as  the  latter  is  taken  up. 

Black  Saipbvret  of  This  compound  (SbjS3),  obtained  by  liquation,  occurs  in  commerce  in 
Antimoay.  the  conical  shape  it  has  assumed  while  cooling ;  its  colour  is  like  that 
of  graphite,  but  it  has  a  stronger  metallic  lustre,  is  of  a  deeper  black  colour,  fibrous, 
crystalline  structure,  and  very  brittle ;  it  usually  contains  iron,  lead,  copper,  and  arsenic, 
and  is  employed  for  separating  gold  from  silver,  in  veterinary  surgery,  pyrotechny,  and  in 
the  preparation  of  the  percussion  pellets  used  in  the  cartridges  of  the  now  celebrated 
Prussian  needle-gun. 

NeapoUtanYeUow.  This  pigment,  used  as  an  oil  paint  and  in  glass  and  porcelain  staining, 
Ijb  of  an  orange-yellow  cmour,  and  very  permanent.  It  is  antimoniate  of  oxide  of  lead, 
and  is  prepared  as  follows: — i  part  of  antimonio-tartrate  of  potassa  (tartar  emetic), 
2  parts  of  nitrate  of  lead,  and  4  parts  of  common  salt,  are  fused  at  a  moderate  red  heat, 
and  kept  at  that  temperature  for  2  hours.  The  molten  mass  is  put  after  cooling  into 
water  and  becomes  dismtegn^ted,  the  salt  dissolved  and  the  pigment  precipitated.  When 
required  for  staining  glass  or  porcelain  it  is  mixed  with  a  lead-glass,  and  has  recently 
been  prepared  by  roasting  a  mixture  of  antimonious  acid  and  litharge. 

AntiiBfony  cinnaiur.  Oxysujfphuret  of  antimony  (Sb^S^Oj),  is  a  compound  in  colour  similar 
to  Vermillion,  and  is  obtained  by  causing  dithionite  of  sodium  or  calciimi  to  act  ui)on  proto- 
chloride  of  antimony  in  water,  and  boiling  this  mixture,  a  precipitate  being  readily 
deposited ;  it  is  a  soft,  velvety  powder,  unaltered  by  the  action  of  air  and  light,  and  suited 
for  either  oil-  or  water-colour.  This  substance  may  be  prepared  on  a  large  scale  by  the 
following  process: — (i.)  Black  sulphuret  of  antimony  is  calcined  in  a  current  of  air  and 
steam,  antmionic  oxide  being  formed  as  well  as  sulphurous  acid,  which  may  be  employed 
for  the  preparation  of  calcium-dithionite  from  soda  waste;  the  antimonio  oxide  is 
next  dissolved  in  crude  hydrochloric  acid.  (2.)  Large  wooden  tubs  which  admit  of  being 
internally  heated  by  steam,  are  for  |ths  of  their  capacity  filled  with  the  solution  of 
calcium  dithionite,  and  the  solution  of  protochloride  of  antimony  is  gradually  added,  the 
liquid  being  stirred  and  heated  to  about  60"* ;  the  reaction  soon  ensues,'  and  the  precipitate 
having  subsided,  is  thoroughly  washed  and  dried  at  a  temperature  not  exceeding  50". 
There  are  prepared  on  a  large  scale,  by  operative  pharmaceutical  and  manufacturing 
chemists,  numerous  varieties  of  antimonial  preparations,  among  which  are  several 
sulphurets  and  one  oxysulphuret,  different  from  the  preparation  here  mentioned. 

Aksexic. 

(As  =  75;  Sp.gr.  =  5*6.) 

Anenkj.  Arsenic  occurs  in  the  mineral  kingdom  either  native  or  in  combination 
with  sulphur.  Although  a  few  minerals  are  found  containing  arsenic  in  a  state 
of  oxidation,  the  quantity  is  so  small  that  their  technical  utilization  for  the  obtaining 
of  arsenical  compounds  is  altogether  out  of  the  question.  Metallic  arsenic  is  a 
solid,  cystalline,  steel-grey  coloured  substance.  It  is  prepared  cither  by  the  subli- 
mation of  the  native  metal,  or  by  the  ignition  of  arsenical  iron  pyrites  (FeSa-fFeAsa) 
and  of  arsenical  pyrites  (Fe4A86),  or  by  the  reduction  of  arsenious  acid 
(A8a03  +  30  =  3CO  -f  AS2).  Metallic  arsenic  is  met  with  in  the  trade  in  an  impure 
state,  often  containing  no  less  than  10  per  cent,  of  sulphuret  of  arsenic,  in  the  form  of 
greyish-black  coloured  crusts  and  lumps,  known  as  fly  poison.  Pure  metallic  arsenic 
is  rarely  employed ;  a  small  quantity  is  used  in  the  manufacture  of  shot,  and  in  pyro- 
techny for  white  Bengal  fire,  which  gives  a  very  brilliant  light,  but  should  only  be 
ignited  in  the  open  air.  Lastly,  arsenic  burnt  in  oxygen  gas  is  used  as  signal  lights 
in  the  Trignometrical  Survey  Service. 

AraeBioos  Add.  The  substanco  known  as  white  arsenic  is  really  arsenious  acid,  AsaOs, 
and  obtained  as  a  by-product  of  a  great  many  metallurgical  operations,  for  instance, 
the  roasting  of  cobalt  ores  for  smalt,  of  tin  and  silver  ores ;  the  volatilised  acid  is 
condensed  by  conducting  it  through  channels  into  wooden  chambers.  In  some 
localities,  as  in  Silesia,  where  fuel  and  labour  are  cheap,  arsenical  pyrites  is 
purposely  calcined,  and  the  crude  arsenious  acid  obtained  is  refined  by  another 
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eublimation  process.  For  th-is  purpose  the  east-iron  vea-sels,  a,  Fig.  46,  arc  used,  upon 
which  are  placed  iron  rings  or  collars,  6,  c,  d,  and  a  hood  e,  conimimicattng  bjr  moaiiE 
of  tuhes  with  a  serios  of  chambers,  of  which  the  first  only  is  shown  in  i.  Tho 
flanges  of  the  cast-iron  collara  and  all  other  joints  haying  h^an  thoroughly  lut«d,  the 

fire  is  lighicnl  and  the  heat  so  incj'easod  a^  to 
cau50  the  semi-fusion  of  the  arsemoua  acid, 
which   after   cooling    exhibits   a  peculiarly 
porcelain-likG  appearance,  at  first  being  a*d 
ti^n8pai*ent  as  gla,^s  and  very  similar  to  fused ^ 
anhydrous  phosphoric  acid. 

This  compoundj  like  till  arsenical  prepara- 
tions is  verj' poisonous;  hut  it  is  a  remarkable 
fact»  proved  by  direct  oxperimeiit,  that  pure 
metallic  arsenic  introduced  into  the  stomach 
of  rabbits  and  other  nmall  animals  in  a  finely 
divided  state,  by  the  aid  of  pure  water  freed 
from  air,  docs  not  act  on  them  as  a  poison, 
being  found  in  tbeir  f feces  unaltered.  Th« 
commercial  article  is  sometimes  more  or  lea 
mixed  with  oxide  of  antimony  and  sulphuret 
of  arsenic.  Arsonious  acid  is  used  in  dyeing 
and  calico-printing,  in  glass -making,  for  the 
puq>0£0  of  cknring  the  Uiolten  glass,  for  tlie 
preparation  of  other  arsenical  compounds  and 
pigments,  and  further  ia  arsenical  soap  for 
the  proaervation  of  stuffed  animals.  The  oir 
in  museums  is  eometimes  poisoned  by  ar- 
ftcniurett^d  hydrogen  being  evolved  if  tho 
araenical  compound  has  not  beeu  properly 
prepared ;  and  in  places  whore  there  are  large 
coUectioiua  of  etufied  animals  there  should  always  bo  a  good  ventilation  and  a  dry 
atmosphere.  Arsonious  acid  is  also  employed  in  the  manufacture  of  aniline. 
AncRkAeid.  This  acid  (II5A8O4)  has  become  an  artirle  of  largo  consumption, 
it  Is  obtained  by  boiling  400  kilos,  of  arsenious  acid  in  300  kil<>».  of  nitric  or  mtro* 
hydrochlono  acid,  and  ev.ijK>rating  the  solution  to  diTncss.  Recently  it  has 
been  prepared  more  cheaply  by  passing  chlonno  gas  into  water  wherein  arsonious 
acid  18  suspended,  and  evaporating  this  solution.  Arsenic  acid  is  sometimo 
employed  in  calico-printing  instead  of  tartaric-acid,  and  is  very  largely  used  in  H 
preparation  of  rosanilino  or  fuchaine,  somi©  manufacturers  of  tliee^j  dyes  aanually" 
con^^uming  2000  cwt*. 

The  acid  arseniateof  si>du,  so-callod  dungsalt.  now  used  instead  of  cows' -ditng  in 
■certain  calico-printing  operations,  and  consisting  of  25  parts  of  soda  nnd  75  ot 
arsonious  acid,  is  prepared  by  heating  for  a  length  of  time,  nither  36  part«  of 
arsonious  acid,  and  30  parts  of  nitmto  of  soda,  or  a  mixture  of  arseuite  of  i^oda  aiid 
nitrate  of  soda.  This  salt  is  obtained  as  a  by-product  of  the  preparation  of  anilino 
from  nitrobenzol. 

miiphortt*  of  ArM>Bie.  There  are  two  sulphurete  of  arsenic  employed  industrially,  vi*., 
roalgar  and  orpiment. 


^ 
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Reaigmr.  Red  arsenic  or  realgar  (As  S  )  is  found  native  in  a  crystalline  state  and  among 
other  ores.  It  is  artificially  preparea  oy  fusing  together  sulphur  and  excess  of  either 
metallic  arsenic  or  arsenious  acid,  or  on  a  large  scale  by  distilling  arsenical  pyrites  and 
ores  containing  sulphur.  Kealgar  is  a  ruby-red  coloured  substance,  exhibiting  a  conchoidal 
fracture.  Its  use  in  pyrotechny  is  based  upon  its  property  of  yielding,  when  mixed  with 
saltpetre  and  ignited,  a  brilliant  white  light.  This  mixture  is  known  as  Bengal  white 
light,  and  is  best  prepared  with  24  parts  of  nitrate  of  potassa,  7  parts  of  sulphur,  and  2 
parts  of  realgar. 

orpiment.  Auri pigment wnj  yellow  sulphuret  of  arsenic  (A93S3),  ia  likewise  found  native, 
but  is  generally  artificially  prepared  by  fusing  together  either  sulphur  and  arsenious  acid 
or  realgar  and  arsenious  acid.  This  sulphuret  is  of  a  bright  orange-colour,  somewhat 
transparent;  it  contains,  if  prepared  bv  the  dry  method,  free  arsenious  acid,  and  may 
therefore  be  considered  as  arsenoxysulphuret.  It  is  also  prepared  by  precipitating  a 
hydrochloric  acid  solution  of  arsenious  acid  by  means  of  sulphuretted  hydrogen,  or  by 
decomposing  a  solution  of  the  double  sulphuret  of  arsenic  and  sulphuret  of  sodium  with 

Roama.  dilute  sulphuric  acid.  Orpiment  is  used  in  dyeing  to  reduce  indigo,  and  to 
prepare  what  is  termed  rusma,  a  paste  applied  in  dressing  skins  in  order  to  remove  the 
hair,  and  which  consists  of  9  parts  of  lime  and  i  of  orpiment  mixed  with  water.  This 
paste  is  also  employed  in  the  toilet  to  remove  superfluous  hair ;  but  instead  of  this  very 
poisonous  compound,  either  the  spent  lime  from  the  purifiers  of  gasworks,  or  the  sulphuret 
of  lime  solution  obtained  by  passing  a  current  of  sulphuretted  hydrogen  through  milk  of 
lime,  may  be  advantageously  used. 

Quicksilver,  or  Mercury. 

(Hg=20o;  Sp.  gT.  =  i3-5.) 

oceancBoe  and        This  metal  is  not  mot  with  so  srenerally  dispersed  as  silver  and  ffold. 

Mode  of  ObtalnlBg    _  .  n         •  •  • 

Mercury  It  occurs  in  the  following  forms : — i.  Sparingly  in  the  metallic  state 
interspersed  in  globules  through  the  gangue,  and  in  small  quantities  in  mercury 
mines,  sometimes  containing  silver.  2.  As  a  sulphuret,  known  as  cinnabar,  HgS,  con- 
taining 86*29  of  metallic  mercury  ^^^  1371  of  sulphur.  This  ore  is  met  with  among 
J)rimitive  as  well  as  metamorphic  and  sedimentary  rocks,  and  is  often  accompanied 
by  sulphuret  of  iron,  while  the  gangue  or  matrix  is  generally  quartz,  calcareous 
si)ar,  or  spathic  iron  ore.  The  richest  mercury'  mines  are  those  of  Almadon  and 
Almadenejas  in  Spain,  which  wore  worked  at  a  remote  period  of  antiquity,  and  next 
are  those  of  Idria,  CarjTithia.  Cinnabar  is  found  also  in  the  Ehenish  Palatinate, 
at  Olpe  in  Westphalia,  Horzowitz  in  Bohemia,  in  various  parts  of  Hungary',  at 
Vall'alta  in  Venetia,  in  the  Oural,  in  China  and  Japan,  in  Borneo,  Mexico,  at 
Huancavelica,  in  Pern,  and  in  considerable  quantities  in  California,  where  mercurj- 
is  largely  produced. 

Among  the  less  important  mercury  ores  is  found  the  so-called  liver-coloured  ore,  a  clay 
mixed  with  cinnabar,  bitumen,  paraffine,  and  coal-slate.  This  ore  is  only  met  with  in 
Carynthia.  There  is  also  the  fawn-coloured  mercury  ore,  containing  2  to  15  per  cent,  of 
mercury,  with  sulphur,  copper,  and  other  impurities.  The  annual  production  of  mercurj- 
throughout  the  globe  amounted  in  1870,  to  84,500  cwts.,  of  which  California  yields  56,000 
against  22,000  from  Spain. 

Mercury  is  extracted  from  its  chief  ore,  cinnabar,  by  : — 

1.  Calcination  in  shaft  furnaces,  the  mercurial  vapours  being  condensed  in  chambers  con- 
structed either  of  brickwork  or  boiler-plate,  or  in  earthenware  vessels  (Aludels)  joined 
together  by  flanges  similar  to  earthenware  drain-pipes. 

2.  By  decomposing  cinnabar  in  closed  vessels,  the  ore  being  mixed  with  either  lime  or 
forge  scales.     This  method  is  usual  in  Bohemia  and  the  Bavarian  Palatinate. 

Metb«dofExtrsciing     The  contrivanccs  in  use  in  Idria  for  the  extraction  of  mercurv 

Mcrcnnrjianiued       -  ..  ...  ^ 

in  idru.  from  its  ores  are  illustrated  m  Figures  47,  48,  and  49.     a  is  a  cal- 

eiantion  furnace,  which  is  flanked  on  each  side  by  a  series  of  condensation  chambers, 
C  c  D,  communicating  with  the  furnace.  The  ore  is  placed  in  lumps  on  the  perforated 
arches,  n  n\  of  the  furnace,  and  the  space  v  completely  filled.  On  the  arch,  p  p\  the 
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Bmaller  lumps  of  ore  are  placed,  and  on  r  r»  tlio  dust,  pulverulent  oro,  and  reaiduoa 
of  former  ojiei-ations.  Tliis  having  boon  done,  the  fuel,  conim only  dry  beechwood,  ia 
ignited  on  tHe  fumac©*bars,  Tbo  beat  is  gradually  raised  to  and  kept  at  a  dark  rtd 
heat  for  lo  to  12  bom's,     Tbo  draught  created  cames  into  the  furnace  nuilicient  air 

Fio.  47. 


Fio,  4S. 
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to  convert  tbo  ^ulpb^ir  of  <bo  volatilised  oro  into  Stilplniroys  acid  and  set  the 
mercury  free  (HgS-f-  aO=  SO^  +  Hg).  The  products  of  the  rombuation  are  carried 
into  the  chambora,  c.  The  bottom  of  each  chamber  is  made  of  strong^ly  pressed  clay, 
phapod  so  BB  to  form  two  planes  inclined  towards  each  other»  and  connected  with 
gutters  leading  to  a  reservoir  cut  out  of  a  solid  block  of  porphyry  in  which  ite 
mercury  is  collected.  A  jet  of  water  is  modo  to  play  constantly  in  the  last  conden- 
sation-chamber, in  order  to  keep  it  and  the  adjoining  smoke -chambers,  D  D,  quiti* 
oool,  tho  last  traces  of  mercury  being  condcnst'd  in  D  u. 

V«5I7  recently  erperimentfl  have  been  made  at  Idria  to  distil   he  mercnrv  continuotitly 
irom  Its  ore  by  the  uas  of  a  reverberstory  f  timaoef  whereby  both  tbne  aud  mcl  are  oiiTed, 
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»pttittk)[«tiio«of  *^®  arrangeiaent  for  condensing  the  mercurial  vapoiu's  in  use  at 
buMunK  Kcnroi?.  Almttden  is  exhibited  in  Fig.  50.  It  consiflts  of  a  string  of  poarl- 
fihaped  vossela  open  at  both  ends.  These  vessols,  locally  known  by  the  Arabian  torm, 
Aiudth,  aro  made  of  earthenwai-e,  and  so  constructed  that  the  narrow  end  of  one  fits 
into  the  wider  end  of  the  other,  caro  being  taken  to  lute  the  joints  with  clay,  Tho 
mode  of  arranging  those  rows  or  strings  of  aludels  ia  delineat^^  in  Fig.  52,  which 
repre^ntd  the  plan  of  the  furnace  Bho^n  in  Fig*  51,    This  furnace  consists  of  a 

Fio,  50. 
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cylindrical  ghoffc  oven»  which  by  means  of  a  perforated  arch  is  divided  into  twa 
parts.  The  fire  is  lighted  in  the  lower  part  of  the  shaft,  while  on  tlie  perforates! 
arch  19  first  placed  a  layer  of  sandstone  containing  cinnabar,  in  quantities  too  small 
to  admit  of  being  otherwise  advantageously  treated.  The  lich  ore  is  then  placed  on 
this  layer  of  stone,  and  the  openings  in  the  arch  of  the  furaace  covered  with  tiles 
and  tightly  luted.  The  mercurial  Tiipoura  are  first  conducted  into  the  space  c  c , 
and  thence  through  the  twelve  rows  of  aludels,  each  row  having  a  length  of  from 
L  20  to  2:2  metres,  and  eontaimng  44  aludels.  The  aludels  are  placed  on  a  somewhat 
niclined  plane  aa  shown  in  the  woodcut.    At /the  condensed  mercury  is  run  off  by 
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tho  gutter,  ^,  into  tlie  stone  cisterns,  h  h ;  tho  Tapoura  not  condensed  being  carried j 
on  to  tho  chamber,  B,  where  they  are  completely  liquefied.  The  emoke  escapeaJ 
through  a  chimney  at  b.  As  the  mercury  thnB  obt^ned  is  mixed  with  soot  it  haa 
to  bo  purified  and  cleansed ;  this  is  effected  by  causing  the  metal  to  flow  down  an 
inclined  plane,  to  which  the  soot  adheres.  The  sooty  maes  and  the  impurities 
collected  in  the  room  B,  are  submitted  to  distillation  for  tho  pinpose  of  extracting 
tlie  last  traces  of  mercury*  Tho  quantity  of  ore  operated  upon  at  each  calcination 
amounts  to  230  to  300  cwts.  Spanish  mercury  is  met  with  in  tho  trade  packed  in 
wrought-iron  canisters  or  in  sheepskin  bags.  The  apparatus  above  described  for 
separating  m<jrcury  from  its  ores  was  invonted  l>y  tho  Moors,  who  for  several  centu- 
ries were  tho  only  civilised  inhabitants  of  tho  greater  portion  of  southern  Spain, 

*'Se't»r"irTr?"'?j**f*       Method  of  mprcujy  distOlation  pursned  at  Horzowitz  in  B<diemia, 

otAcr  buit«act!*"      Tlie  sulplniT^t  of  mercury  is  mixed  wiUi  from  \  to  4  of  iU  weig-ht  of 

Cortj^e-floale,  and  the  mixture  pluced  on  the  iron'ijlates,  b  h.  Fig.  53,  Theso  platoa  are  fixed  to  an 

Fio.  53. 


iron  fod^aadcovcmlby  th.  in  r uk  tillwl  with  water.    Tln» 

cupola  is  roiDorAblo  from  tho  1 1  ;.    The  mi-tal  k  coU«5c!t«d 

in  the  water  at  rl.    Eiichcupoli  .  i  J  cwt.  of  furge-scalt*,  uid 

there  are  ji?vnierally  six  cupolas  ii»  oiw  iuruace.     The  operation  last*!  for  30  to  36  houw. 

In  the  Khenicili  Palatinate  mercury  has  been  extracted  from  its  ores  sdnce  1410.  It  ia 
thero  ngoal  to  mix  the  mercury  oro  with  other  metallic  ores,  that  mainly  worited  being 
nnnabar  interKi>er8cd  in  sandstone.  Tlio  decomposition  of  the  t>re»  which  is  a  rathe, 
poor  mat*riftl,  can  bo  made  to  pay  <m]j  by  slcilfid  maiiaffement.  Tljo  or©  U  miied  with 
liitie  and  pkccil  in  iron  retorts,  veiy  similar  to  those  used  in  gas-works,  and  heat  hn \4iim' 
been  applied  the  ciDnftbar  is  decomoowd,  tho  result  bein^  tho  formation  of  metallic 
merctiry,  whicb  volatQiBes  and  is  coad^uM^d  in  fiuitably-constmcted  receivorsi,  whjlo  there 
rcrmalns  in  the  rttortu  a  mixture  of  tadphiirtt  of  cakium  and  hypo^fulphitc  of  lime,  llie 
operation   la»t«  ten  hours,  after  which  the  eontenta  of   the  receivers  are  pou^d  into 
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earthenware  tanks  filled  with  water ;  the  mercury  sinlcs  to  the  bottom  and  the  water  is 
allowed  to  run  off,  carrying  with  it  a  blacldah  powder,  consisting  of  finely-diA^ded  mercury 
mixed  with  a  volatilised  black  sulphide,  which  is  again  submitted  with  lime  to  another 
distillation. 

PropertievofMercnrj.  Mercury  is  tho  Only  metiil  remaining  fluid  at  ordinary  temperatures. 
It  freezes  at— 32*5%  and  is  in  that  state  a  malleable  and  ductile  metal.  At  360"  it  boils, 
and  at  a  slightly  higher  temperature  distils  over,  but  is  volatilised  to  some  extent  at  all 
temperature^  above  its  freezing-point,  as  may  be  proved  by  suspending  a  piece  of  gold-leaf 
in  the  neck  of  a  bottle  containing  a  small  quantity  of  mercury.  Mercury  readily  combines 
at  ordinary  temperatures  with  various  metals,  forming  what  are  termea  amalgams.  The 
amalgams  most  readily  formed  are  those  of  lead,  bismuth,  zinc,  tin,  silver,  gold ;  next  is 
that  with  copper,  while  with  iron,  nickel,  cobalt,  and  platinum,  mercury  will  only  amalga- 
mate with  difficulty.  The  application  of  mercury  in  metallurgy  in  the  extraction  of  gold ' 
and  silver  from  their  ores  is  based  upon  the  property  mercury  possesses  of  readily  combining 
with  these  metals.  Amalgams  of  various  kinds  are  industrially  employed,  as,  for  instance, 
with  tin  for  covering  mirrors  and  looking-glasses,  with  gold  for  the  so-called  process  of 
fire-gilding.  An  amalgam  of  4  parts  mercury  with  2  parts  zinc  and  i  part  tin  is  used  for 
the  cushions  of  electrical  machines. 

AppiJcatioDs  of  Mercury.  By  far  the  most  extensive  application  of  mercury  is  in  the  con- 
struction of  various  physical  instruments,  for  filling  the  mercurial  gauges  of  steam-boilers, 
and  on  the  Continent  these  gauges  are  attached  to  all  boilers,  locomotive  engine-boilers 
alone  excepted.  Mercury  is  employed  in  the  preparation  of  a  variety  of  compounds, 
among  which  is  the  fulminate  of  mercury ;  and,  f urtber,  for  various  purposes  in  chemical 
and  physical  laboratories.  More  recently,  an  amalgam  of  mercury  and  sodium  has  been 
venr  successfully  used  by  Mr.  Crookcs  in' the  metallurgical  extraction  of  silver  and  gold ; 
and  a  solidified  amalgam  of  the  same  metals  is  recommended  to  facilitate  the  transport  of 
mercury,  the  amalgam  admitting  of  being  very  readily  decomposed  by  treating  with  dilute 
sulphuric  acid. 

Prepabatioxs  of  Mercury. 

Mereutia  compoumu.  The  moro  important  morcun'al  compounds  which  are  manufac- 
tured on  the  large  scale  are  the  following : — 

Menwic  Chloride.  The  substauce  commonly  known  as  corrosive-sublimate  is  the  per- 
chloride  of  mercury,  HgCl,  equivalent  =135,  consisting,  in  100  parts,  of  73*8  parts  of 
mercury  and  26*2  parts  of  chlorine.  It  is  prepared  either  by  sublimation  fi;om  a 
mixture  of  sulphate  of  peroxide  (red  oxide)  of  mercury  and  common  salt,  or  by  dis- 
solving the  same  oxide  in  hydrochloric  acid,  and  also  by  boiling  a  solution  of 
chloride  of  magnesium  with  the  peroxide  (MgCl^+IIgO^nCl-t-MGO).  When 
sublimed,  this  salt  forms  a  white  crystalline  mass,  whicli  fuses  at  260°,  boils  at  290°. 
is  soluble  in  13-5  pai-ts  of  water  at  20°,  and  in  1-85  parts  of  the  same  liquid  at  100°. 
It  is  more  readily  dissolved  by  alcohol,  i  part  of  the  salt  requiring  only  2*3  parts  of 
cold  and  i'i8  parts  of  boiling  alcohol.  Mercuric-chloride  has  been  industrially 
employed  as  a  preservative  for  timber  by  Mr.  Kyan,  and  is  used  in  thomanufactiiro  of 
aniline-red,  in  dyeing,  and  calico-printing,  in  etcbing  on  steel-plates,  and  for  the 
preparation  of  other  mercurial  salts.  Lately,  the  use  of  tbe  double  salt,  ngCl2,2KCl, 
obtained  by  boiling  chloride  of  potassium  with  peroxide  of  mercury,  has  been  sug- 
gested as  a  preservative  for  timber.  It  should  be  borne  in  mind  that  this  prepara- 
tion of  mercury  is  extremely  poisonous,  and  easily  absorbed  by  the  skin  of  the  hands. 

ctanabar.  Under  this  name  is  designated  the  mercuric-sulphide,  IlgS,  which  occurs 
native  in  crj'stallino  or  compact  red-coloured  masses,  and  was  known  in  Pliny's 
time  by  the  term  minium.*  The  cinnabar,  or  vcrmillion  of  commerce,  used  as  a 
pigment,  is  always  artificially  prepared  either  by  the  dry  or  wet  way.  By  the  former 
process  540  parts  of  mercury  and  75  of  sulphur  are  very  intimately  mixed.    The 

*  Hed-lead,  afterwards  called  minium,  was,  as  far  as  it  appears,  unknown  to  the  anrients, 
being  first  prepared  by  the  Arabs  and  Saracens. 
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ensuing  black-coloured  powder  is  introduced  into  iron  voitsels,  and  exposed  to  a 
moderato  heat  bo  as  to  cantie  tho  jfiision  of  the  masa,  wlii«:li,  after  cooling,  Ifj  broken 
up  and  then  introduced  into  earthenware  and  loosely  closed  vessels,  heated  on  a 
saDd-bath.  Tho  sublimed  moss  is  of  a  coehineal-red  colour,  exhibits  a  fibrous 
fracture,  and  yields  when  pulverised  a  scarlet  powder,  which  is  tho  more  beautiful 
the  purer  the  materials  used  in  its  prepai'atiou  an<l  the  greater  the  care  taken  to  avoid 
an  excess  of  sulphur.  Some  chemists- allege  that  a  greatly  improved  vermillion  m 
obtained  if  i  part  of  sulphuret  of  antimony  ie  added  to  the  mixture  of  sulphur  \ 
mercury  previously  to  the  sublimation,  and  the  sublimed  andpulverised  mass  placed  i 
in  a  dark  room  for  several  months  and  treated  with  either  dilute  nitric  acid  or  caustic 
potassa.  According  to  Dr.  J.  vou  Ltebig,  vermillion  is  obtained  in  tho  wet  proce 
by  treating  tlio  white  precipitate  of  the  Pharmacopceia,  or  hj^drarfft^rum  amid 
hkhhrnimn,  according  to  the  formula^  Hj^CljHgXHj,  which  con-esponds  to  tho  t^^mi 
used,  but  in  Dr.  A.  W.  Hufmann's  opiniuu,  does  not  express  tho  true  composition  of 
the  oc»mi>ound.  He  considers  white  precipitate  to  be  a  chloride  of  ammonium,  in  tho 
ammonium  of  which  z  oquivalcnts  of  mcrciiry  have  taken  tho  pluco  of  z  equivalents  of 

i  TT 
hydi^ogen ;  formula  N  J  ^     Other  chemists,  again,  hold  different  views  ua  to  tho 

constitution  of  this  body,  which  has  been  used  in  medicine  since,  if  not  before,  the 
time  of  Paracelsus,  YermOlion  is  generally  obtained  by  precipitating  a  solution  of 
corrosivo-sublimate  inammonia  with  a  solution  of  sulphur  in  sulphide  of  lunmonium; 
or,  aocording  to  Dr.  von  Martins,  by  agitating,  in  a  sxiitiible  vesstfl,  i  part  of 
sulphur,  7  uf  mercury,  and  z  to  3  of  a  concqntrated  solution  of  liver  of  sulphur* 
According  to  M.  Bninner  a  method,  by  which  decidedly  the  fiiiest  vermillion  ia 
obtained,  114  parts  by  weight  of  sulphur  and  300  ptirts  by  weight  of  mercury  are 
mixed,  with  the  addition  of  a  small  quantity  of  caustic  potassa  solution,  and  incorpo- 
rated by  beio  g  ahakun  by  machiner}'.  The  resulting  black  compoimd  is  next  treated 
with  a  solution  of  75  parts  caustic  potassa  in  400  parts  of  water,  and  heated  on  a 
wator-buth  to  45*.  The  mixture  assumes  a  scarlet  colour  after  a  few  hours,  and  as 
soon  as  this  is  apparent  the  semi -liquid  mass  is  poured  into  cold  water,  next  collected 
on  filters,  washed,  and  dried.  The  vermillion  of  commerce  is  often  adulterated  wnth 
i-ed-leod,  peroxide  of  iixm,  chromo-lead,  and  more  frequently  with  from  15  to  20  por, 
cent,  of  gypsum,  Tbese  adulterations  are,  however,  reatlily  detected,  as  they  are  lefl 
behind  when  tho  vermillion  is  sublimed.  Bed-lead,  one  of  the  most  usual  adultera 
tions  of  vermilliori,  can  bo  readily  detected  either  by  treating  a  small  quantity  of  thd 
suspected  sample  with  nitric  acid,  when  in  c*:>nsequeuce  of  the  formation  of 
pucse- coloured  peroxide  of  lead,  tho  mass  assumes  a  brown  colour,  or  by  the  ad<:litiou 
of  hydrochloric  acid,  when  chlorine  is  given  off.  Puro  cinnabar  is  completely  and 
readily  soluble  in  hydrosulpburet  of  sulphide  of  sodium  (NaSH), 

ruimitiatiair  VfKcuT.  Th€  compound  known  as  fulmiimting  menmryiss  oombinntian  of 
fulminic  acid,  an  acid  unknown  in  a  free  Btate,  tmd  of  oxide  of  mercury :  its  lamiula  mav 
lie  written  C^Hg^N  O,.  In  100  parts  it  oonsists  of  77-06  of  ^^roxide  of  merourv  an 
2 J '94  of  fuhninle  acid.  According  to  the  late  Dr.  GcrniLTdt's  view,  this  body  is  a  nitn 
csompoiind  which  may  be  regarded  as  cyan-methyl,  tho  hydrogen  of  tho  methyl  of  wide! 


has  been  replaced  by  hyponitrio  acid  and  mercury ;  the  formula  is  then:  C 


\  Hjr. 


'  CX 


'  \  NO,  I ' 

substance  was  first  disoovored  by  Kr.  Howard,  ami  waa  known,  until  Dr.  \m\  Licblg  fcav 
the  cine  to  its  nature,  aa  Howard's  detonating-  powder.     It  is  prepared  on  a  lur^  ?cuTc  t 
the  following  maunen     Fintt,  1  lb*,  of  mercury  are  diseolved,  by  tbe  aid  of  a  gt'iitle  l1eat^ 
in  10  lbs.  of  mtric  acid  (ep.  gr.  1*33)  ^  aad  10  lbs.  more  of  nitrio  acid  are  then  addcHl.     Tlio 
nmlting  iuid  is  poured  into  mj.  tubulated  retorts,  and  to  the  coutente  of  each  retort  i» 
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Added  10  litres  of  alcohol  (sp.  gr.  0*833).  ^  ^^  ingredients)  are  mixed  by  measure  instead 
of  weight,  for  eyery  volume  of  mercury,  there  is  taken  74  volumes  of  nitric  acid,  and 
10  volumes  of  alcohol.  After  a  few  minutes  a  strong  evolution  of  gas  takes  place,  and  at 
the  same  time  a  white  precipitate,  the  fulminate  of  mercury,  is  formed.  The  retorts  are 
fitted  with  tubulated  receivers,  from  which  glass  tubes  carry  off  the  very  poisonous  gas 
and  fumes,  either  to  a  flue  or  directly  to  the  outside  of  the  shed  in  which  the  operation  is 
performed.  The  precipitate  is  collected  on  filters,  and  waslied  with  cold  water  to 
eliminate  the  free  acid.  The  fulminate  is  next  dried,  filtered,  and  all  being  placed  on 
plates  of  copper  or  earthenware,  heated  by  steam  to  less  than  icx3**.  100  parts  of  mercury 
yield  in  practice  from  118  to  128  parts  of  fulminate,  while,  according  to  theory, 
142  should  be  obtained.  The  dried  fulminate  is,  with  cautious  manipulation,  divided  into 
small  portions,  kept  separately  in  a  paper  bag.  The  fulminate  thus  prepared  is  a  crystal- 
line wnite-coloured  substance,  which,  by  being  heated  to  186**,  or  by  a  smart  blow,  explodes 
with  a  loud  report.  "When  placed  on  iron  and  struck  with  an  iron  instrument,  the 
detonation  is  much  increased.  This  substance  also  explodes  by  contact  with  concentrated 
sulphuric  acid-  When  mixed  with  30  per  cent,  of  its  weight  of  water,  the  crystalline 
fulminate  may  be  rubbed  to  powder  with  a  wooden  pestle  on  a  marble  slab.  The  manu- 
facture of  this  substance  on  a  large  scale  requires  peculiar  arrangements,  into  the  particu- 
lars of  which  we  cannot  here  enter. 

PerraMi<m-CK(M.  The  fulminate  of  mercury  is  chiefly  used  for  filling  percussion-caps. 
For  this  purpose  100  parts  of  the  fulminate  are  rubbed  to  powder  with  30  parts  of  water, 
50  to  62-5  parts  of  saltpetre,  and. 29  of  sulphur.  This  mixture  is  dried  sufficiently  to 
admit  of  being  granulated,  after  which  it  is  forced,  by  means  of  machinery,  into  the 
copper  caps,  and  simultaneously  covered  with  either  a  layer  of  varnish  or  tin-foil,  to 
protect  it  from  damp.  Tin-foil  being  more  expensive  is  not  used  for  military  gun-caps. 
The  best  varnish  for  the  purpose  is  a  solution  of  mastic  in  oil  of  turpentine.  The  caps 
are  finally  dried  by  a  gentle  neat,  and  packed  in  boxes.  One  kilogramme  of  mercury 
converted  into  fulminate  suflices  for  the  filling  of  40,000  gun-caps  of  the  larger  or  military 
size,  and  for  57,600  caps  of  the  size  used  by  sportsmen. 

Platinum:. 
(Pt=:  197*4;  sp.  gr.=2io  to  23-0.) 
oeeniKDM  of  piaOnum.      This  metal  is  only  found  native,  and  then  not  very  abundantly, 
in  platinum  ore,  more  especially  met  with  in  the  alluvial  deposits  of  South  America 
and  the  Oural,  in  grains  of  a  steel-grey  colour  and  metallic  lustre.    More  recently, 
granules  of  metallic  platinum  have  been  found  among  the  gold- washings  in  Califor- 
nia, the  Brazils,  Haiti,  Australia,  and  Borneo.    A  very  short  time  ago  this  metal  was 
discovered  in  Europe,  interspersed  in  rocks  situated  in  the  parish  of  Eoeraas,  in 
Norway,  and  it  is  reported  to  have  been  found  in  the  lead-mines  near  Ibbinbiiren,  in 
Westphalia.    Dr.  Pettenkofer  states  that  a  proof  of  the  far  greater  dispersion  of 
platinum  than  is  generally  supposed  lies  in  the  fact  that  all  silver  contains  a 
small  quantity  of  platinum.    The  metal  has  also  been  found  to  accompany  some  of 
the  copper  and  antimony  ores  of  Timor  and  New  Guinea.     Platinum  was  discovered 
in  South  America  by  the*  Spaniards,  who,  believing  it  to  be  an  inferior  silver,  gave  it 
the  diminutive  platina  of  the  Spanish  name  for  silver,  plaia.    It  was  brought  from 
Jamaica  and  made  known  in  Europe  by  a  Mr.  Wood  in  1740,  and  somewhat  investi 
gated  in  1767  by  Dr.  E.  Watson,  then  Professor  of  Chemistry  at  Cambridge 
Dr.  Scheffer,  Director  of  the  Mint  at  Stockholm,  was  the  first  who  thoroughly  in ves 
tigatod  the  various  physical  and  chemical  properties  of  this  metal  in  1752 ;  but  as  his 
researches  were  published  in  the  Swedish  language,  they  remained  comparatively 
unknown  in  this  country. 

pistumm  On*.  The  substanco  met  with  in  commerce  under  the  name  of  platinum  ore, 
or  crude  platinum,  is  a  mixture  of  a  variety  of  metals,  among  which  the  following 
predominate : — Platinum,  palladium,  rhodium,  iridium,  osmium,  ruthenium,  iron, 
copper,  lead,  and  frequently  granules   of  osm-iridium,  gold,  chrome-iron   ore, 
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tttaniiim-iron  ore,  spmol,  zircon,  and  quartz.  The  reason  why  this  oro  i«  found  in 
alluvial  soil  is,  that  the  rocks  originally  containing  the  oro  having  bwn  dieintegratM 
by  water,  it  is  carried  off  by  the  streams  and  wat<;r-conrses.  Boussingault  found, 
when  travelling  in  South  America»  a  seam  of  somewhat  weathered  !?yenite  containing 
the  platinum  ore  yet  in  situ;  while,  as  regards  the  Oural,  it  has  been  proved  by 
Pallas  that  the  ore  was  originally  imbedded  in  serpentine-rock  which  has  been 
washed  away  by  water,  the  water,  however,  leaving  such  minerals  as  chrome-iron 
ore,  zircon,  titanium-iron  ore,  &c.  In  the  Island  of  Borneo,  platinum  ore  is  mixed 
with  sesqui-sulphurct  of  ruthenium,  a  mineral  which  has  been  named  by  Br.Wohler 
(1866)  LauriU. 

Hio  composition  of  some  platinum  ores  is  exhihited  in  the  following- tabic— Analy§ed 
bv  Dr.  BerzthuSi  tf,  ore  from  the  Oural;  Dr.  Svanberir,  h  and  e^  ^om  Colambm  and 
Choco;  Dn  Bloebrode,  J,  from  Borneo;  Dr.  Weil,  #,  from  California. 

A,  £.  r.  d,  e. 

Pktinimi 86-50        84-30        S6-i(S        71-87        5775 

Rhodium 1-15  3-46  2*16  —  2-45 

Iridium      —  1*46  roQ  7*92  310 

rallaiiium  . .  iro  1*06  0*35  1*28  0-25 

OsiiLiiim      . ,  ^  I  '03  0*97  o'4S  0'8l 

<  >sm-iridiuni  114  —  1-91  8*43         27-65 

Copper        . .      . ,      . .       0*45  0-74  0-40  0-43  0-20 

Iron S-32  5-31  803) 

Lime —  o'i2  —    [       5-40  7*70 

Quartz        . .      . .     . .        —  0-60  —    ) 

According  to  Dr.  H.  Be^'ille,  the  average  quantity  of  platiniwu  contjuned  in  the  fol- 
lowing ores  is: — 

Columbia  . .  . .      , .     76'So— S6-2o  per  cent. 

CaHfomia . ,      , .     . ,      . ,     76-50— 85-50        „ 
Oreiiron      ,.      ..      ..      .,  50*45  n 

Au.^tralia  ».      ..  5980 — 61*40         „ 

^ibcHft      73-50—78-90         „ 

Borneo      ..     57-75— 70-21         „ 

The  annual  production  of  metallic  platinum  amounts  to  from  35  to  50  owt«,,  of  which 
quantity  the  Oiual  yields  28  to  49  cwte.,  Columbia  and  the  Brazils^  6  to  8  ewts. 

WoOuton^ Method  of  The  method  originally  devised  by  tho  late  Dr»  WollaBtnn,  and  still 
^Soaub  oi«k '*'°  employed  by  the  Parisian  platinum-makers^  Chapuis.  Desmoutis, 
and  Qaoanessen,  is  as  follows : — Tho  oro  is  first  treated  with  eold  aqua  regia  to 
diBSoWe  any  gold,  and  the  liquid  separated  from  the  oro  by  filtration.  The  mineral 
is  again  treated  with  aqua  re^ia  in  a  retort,  and  heat  applied ;  tho  distillate  contains 
osmic  acid,  and  the  insoluble  residue  in  the  retort  osm-iridium,  nitlieniuin, 
chrome-iron  ore,  and  titanium-iron  ore.  The  acid  liquid  contains  puUadium, 
platinum^  rhodium,  and  some  iridium,  in  solution,  and  the  acid  haying  been  neutrul- 
ieed  with  carbonate  of  soda,  the  fluid  is  mixed  with  cyanide  of  mercun%  whereby 
palladium  is  separated  na  cyanide  of  pallatlium.  That  precipitate  having  been 
niraoved  by  filtration,  the  liquid,  diluted  with  water,  ia  ne-xt  concentmted  by  evapo- 
ration, and  then  mixed  with  a  concentrated  solution  of  chloride  of  ammonium,  tho 
mixture  i-eeulting  in  a  precipitate  (PtCl4,2NH4Cl),  of  the  double  chloride  of  platinum 
and  ammonium,  containing  only  a  trace  of  iridium,  which,  as  it  imparts  g^reater 
hardness  to  platinum,  ia  not  injurious.  The  platinum  sal-ammoniac,  as  tho  precipi- 
tiito  is  industrially  named,  ia  first  dried  and  afterwarfls  ignited,  leaving  spongy 
piitinum,  which  is  forced  by  means  of  properly  fitting  pistons  into  steel  tubes  heated 
to  redness,  the  operation  being  repeated  as  often  as  is  required  to  obtain  th^  metal 
in  a  compact  coherent  state.    According  to  MM.  Descotil  and  Hess,  platinum  ores 
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should  be  first  fused  with  from  2  to  4  times  their  weight  of  zinc,  the  cooled  brittle 
mass  pulverised, -and  treated  with  dilute  sulphuric  acid  to  eliminate  some  of  the 
iron  and  zinc ;  the  remaining  substance  is  then  treated  with  nitric  acid,  which 
dissolves  the  rest  of  the  iron,  copper,  and  lead.  The  ore  is  afterwards  treated  with 
aqua  regia,  which  acts  more  readily  on  account  of  the  fine  state  of  division  of  the 
mineral.  M.  Jeannetty  (Paris)  found  that  platinum  becomes  readily  fusible  by 
the  addition  of  metallic  arsenic,  which  is  afterwards  volatilised. 

*'*2d'iSfta^."^*  The  excellent  method  introduced  by  MM.  Deville  and  Debray,  in 
1859,  is  based  upon  the  fact  that  metallic  lead,  while  fusing  with  platinum  ore, 
dissolves  all  the  foreign  metals,  osm-iridium  alone  excepted.  The  platinum  ore  is 
consequently  placed  on  the  hearth  of  a  reverberatory  furnace,  and  having  been 
mixed  with  its  own  weight  of  galena,  a  regulus  is  obtained,  under  which  the  osm- 
iridium  is  left,  while  a  lead  slag  floats  on  the  top,  the  iron  decomposing  a  portion  of  • 
the  galena  and  producing  metallic  lead.  The  regulus  is  heated  in  a  cupel  furnace, 
whereby  all  foreign  metals  are  volatilised  or  absorbed  as  oxides,  leaving  the  metallic 
platinum,  which  is  refined  by  being  again  melted  in  crucibles  made  of  lime,  which 
absorbs  and  eliminates  all  impurities,  such  as  siliciam,  iron,  copper,  &c.  The  fuel 
used  for  this  purpose  is  coal-gas,  the  combustion  being  kept  up  by  means  of  oxygen. 
The  smelting  of  i  kilo,  of  platinum  requires  100  litres  of  oxygen  gas  and  300  litres 
of  coal-gas.  The  firm  of  Messrs.  Johnson,  Matthey,  and  Co.,  the  most  eminent  and 
extensive  platinum  smiths  in  the  world,  exhibited  at  the  International  Exhibition 
of  1862  an  ingot  of  pure  platinum  weighing  no  less  than  2J  cwts.,  valued  at  £4,000, 
smelted  by  the  method  of  MM.  Deville  and  Debray.  The  molten  platinum  is  after- 
wards submitted  to  the  action  of  a  steam-hammer  to  render  it  dense,  solid,  and 
ftdly  malleable. 

Propertiwof  Piatinom.  This  metal  is  nearly  as  white  as  silver,  but  with  a  steel-grey  shade. 
It  exhibits  considerable  lustre ;  is  very  malleable  and  ductile,  and  so  soft  that  it  readily 
admits  of  being  cut  with  a  pair  of  scissors.  It  may  be  drawn  in  wire  th  inner  than  a 
spider's  web,  an  operation  conducted  by  coating  an  already  thin  platinum  wire  with 
mlver.  The  wire  thus  prepared  is  drawn  out  and  the  silver  afterwards  removed  by  nitric 
acid,  which  dissolves  that  metal  but  leaves  the  platinum.  The  8pecii5c  gravity  of  platinum 
varies  from  21*0  to  23*0.  This  metal  admits  of  being  welded  at  a  white  heat,  and  may  be 
melted  by  the  oxyhydrogen  flame,  its  melting-point,  according  to  Dr.  Deville,  being 
between  1460"  to  1480"*.  Platinum  occurs  in  commerce  as  spongy  platinum,  black  platinum, 
forged  or  hammered  and  cast  platinum. 
Biacii  Ptatiaam.  Black  and  spongy  platinum  possess  the  property  of  absorbing  and  con- 

spongy  Platinum,  dcnsing  large  quantity  of  gases,  more  especially  oxygen.  If  a  jet  of  hydro- 
gen is  directed  upon  the  sjwngy  metal,  black  platinum  being  only  an  exceedingly  finely 
divided  spongy  platinum,  the  gas  combines  with  the  oxygen  absorbed  by  the  metal,  forming 
water ;  and  this  combination  is  attended  with  so  great  a  development  of  heat  that  the 
platinum  becomes  red-hot  and  causes  the  ignition  of  the  hydrogen.  It  is  upon  this  property 
that  the  well-known  Dobereiner  lamp  is  based.  Black  platinum  is  prepared  either  by 
boiling  sulphate  of  platinum  with  carbonate  of  soda  and  sugar,  when  the  black  platinum  is 
precipitated  as  a  very  fine  powder,  or  by  melting  platinum  and  zinc  together,  and  treating 
the  uloy  with  dilute  sulphuric  acid.  Black  platinimi  is  industriaUy  employed  in  the 
manufacture  of  vinegar  directly  from  alcohol. 
%aUnam^andiu  Hatinum  may  be  worked  by  hammering  or  by  casting.  The  following 
AppiicaUoiu.  firms  are  platinum  workers : — Heraeus,  at  Hanau  ;  Frcres  Chapuis ;  Des- 
moatis  and  Quennessen,  Grodart  and  Labordenave,  at  Paris ;  and  Messrs.  Johnson,  Matthey, 
and  Co.,  London.  The  chief  use  of  platinum  is  for  various  apparatus  in  chemical 
laboratories.  Although  this  metal  withstands  a  very  high  temperature,  and  is  proof 
against  a  large  number  of  chemicals  which  attack  or  destroy  other  materials,  it  requires 
great  care  in  its  use,  as  it  is  readily  acted  upon  by  caustic  alkalies,  fasing  nitrate  of  potassa, 
n«e  chlorine,  alkaline  sulphurets,  phosphorus,  molten  metals,  and  readily  reducible  metallic 
oxides.  Crucibles,  spoons,  blowpipe  points,  the  points  of  lightning  conductors,  tongs  and 
forceps,  and  boilers  lor  concentrating  sulphuric  acid  are  made  of  this  metal.    A  boiler 
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capable  of  ccmocmtrnting  daily  $  tons  of  Biilphurio  aoid  Gosfas  about  £2500,  wbile  a  wmflller 
bnt  flimilAr  Toisel  for  concentrating  duily  5  tons  of  acid  cost^  £1640^  the  volua  of  tlio 
metallic  platinum  for  this  aizo  cxcootUnpr  £iocx>.     Platinimi  is  also  used  f  jr  galTanift  i 
appArzktuSr  mustard* spoons,  and  now  and  then  for  nmament^d  work  in  Tini,tolicxu«B,  chains, , 
&c.    Mom  recently  plutiiHim  has  been  used  in  porcelaia-gtainiug  to  produce  a  greyish  hue.  , 
In  the  year  1S28,  tho  Bnssiau  Govenmient  c*>mmenced  coining  platinum^  3,  6,  ^id  12  , 
rouble  pictx^s;  but  by  a  ukaso  of  22nd  June,  1845,  tliis  coinage  was  dii»ooiitinu<*d,  and  th« 
monev  made,  14,250  kllusi.  in  weight,  called  in.     In  France  platinum  ia  u^ed  for  main  rig 
medals,  ei*|>eiUaUy  prize  medals  for  exhibitions.     The  tirst  platinum  coin  ever  made  wan 
struck  at  the  Paris  Mint  in  1799,  the  di«a  having  been  engraved  by  M.  BuW^-ier  with 
the  elfig-y  of  the  first  Consul,  afterwards  Napoleon  I.  In  tho  year  17SS  there  wiis  presented 
to  Louis  XYI.  a  watch,  Bome  of  the  worfca  of  which  were  mado  of  platinum.     Small 
caps  or  cylinders  woven  in  phitinum  wire,  are  usetl  to  emit  light  when  rendered  highly  1 
ineandeAi::<;nt  by  the  flame  of  humingr  hydrogen,  the  arrangement  being  termed  a  platinum 
gaa  lamp.  According  to  M,  Kraut,  platinum  fi-equently  contains  barium,  or  a  oombin&tioii 
of  that  met4iL 

PiatLaaw  Aiioj*.      A&  beforc  observed  j^latinum  readily  alloys  with  other  metals.  Among  thefl9» 
alloys,  that  first  mado  by  Deville,  eonsiating  of  787  platinum  and  21 'j  iridium,  espooiallyl 
deaervea  notice,  ub  it  in  not  acted  upon  by  nitro-munatit?  tR'id,  and  is  hard  and  malloable.  f 
An  alloy  of  platiinuu  containing  10  to  15  per  cent,  of  iridium  withstaiKlfl  ftro  and  reagents  J 
fnrl>ctter  than  platinum  alone  and  b  harder;  hence  the  vessck  made  with  it  are  not  bo 
liable  to  b^j  Ix^it  out  of  shape  aa  tho^  of  platinum^.     According  to  M.  Chapuis,  an  aJlor  dt 
92  jiarta  of  ])]atinum,  with  5  parti  of  iridium^  and  3  parts  of  rhodium,  reiURts  Tunoius 
reagents  better  tlian  platinum  alone.     The  alloy  of  3  parta  of  platinum  with  13  part«  of 
copper  ii»|  according  to  M.  Bolzam,  equal  in  all  respects  to  gold.     iJr.  Percy  states  that  an 
alloy  of  platinum  and  gold  for  cniciblea  and  other  small  rcasehi  applied  in  chemical  opera- 
tionn,  is  bcitt  prtiof  against  alkalies.    An  alloy  of  equal  parta  by  weight  of  Hteel  and 
platinum  is  the  best  white  spoculum*alloy  known  ;  its  gp,  gr.  ^  9*862. 

Kiafi  pi«tijja-chu»rjdc.  This  compound  (PtC,HjCy  is  obtained  by  repeatedly  diwolving 
chloride  of  platinum  in  alcohol,  and  evaporoting  tho  solution  to  dryness.  A  yc'vy  dilute 
solution  when  heated  on  a  eheet  of  glass  or  a  porcelain  alate,  jiddi  a  Ittstroua  coating  of 
platinum 

(Ag  ^  108 ;  Sp.  gr,  =  io'5  to  107.) 
HiiTorud  luocvMimet.  SilvcT  IS  a  tolembly  abundant  metal ,  and  ia  found  partly  in  the 
native  metoUio  state,  almost  always  contidning  gold ;  partly  in  combination  with 
other  metals,  ae  arsenic,  Qutimoiiy,  tellurium,  mercury,  or  combined  with  sulphur 
and  other  sulphurets*  Silyer  rarely  occurs  as  oxide  or  combined  with  acitls.  The 
chief  ores  are : — Tho  siilphuret,  silver-glance  (Ag^S),  containing  from  84  to  86  per 
cent*  of  silver ;  the  dark- coloured  ruby  ore  (jAg^S  +  Sb^Sj),  with  58  to  59  per  c<*nt, 
uf  silver ;  the  light -coloured  ruby  ore  (3AgaSH- As,S3),  with  64  to  64-5  per  cent,  of 
ailver;  miargyrite  (Ag,S  -(-  Sb.Ss);  and  tho  brittle  antimonial  silver  oto  (CAg^SbJSj), 
mth  about  67  to  68  per  cOEt.  of  silver ;  polybaf<ite  [(AgB,Cu ^8)9,81)383],  with  64  to 
72*6 percent. ofaUver;  and  tho whiteore[(FeS,ZnS,Cu,S)4,Sb,^3+(PbS,xlg8)4,Sb,S3], 
with  30  to  3 2 '69  per  cent,  of  nilvor.  Galena  fi"equently  contains  silver,  usually 
between  0*01  and  0.03  per  cent,  and  sometimes  n.'s  much  as  0*5  to  I'o  per  cent. 
This  lead  ore  is  the  chief  soui^ce  of  the  silver  pi'oduced  in  tho  United  Kingdom. 
8ome  copper  ores  contain  silver  to  an  amonjit  varyiiig  from  o'o20  to  I'loi  per  cent. 
With  regard  to  zinc  ore  tho  reader  ia  referred  to  the  statements  under  that  head. 

lntraetiMiof  ftflmr        The  metidlurgicol  prooeas  employed  in  tho  extraction  of  silver  may  be 
fitw  u«  Ore*.        nuy  qI  tlie  following : — 
I.  By  the  wet  way. 

1,  By  the  aid' of  mercury. 

a.  European  method  of  amalgamation. 

b.  American  method  of  amalgamation. 

2.  By  meaivi  of  solution  followed  by  precipitation, 
tf.  Augustine's  metboti. 
h.  Ziervogel's  method. 
<j.  Sundry  methods. 
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n.  By  the  dry  way. 

1.  By  ooncentrating  lead  ores  rich  in  silver. 

2.  Separation  of  the  silver  from  the  lead. 

a.  Separation  on  the  hearth. 

b.  Concentrating  the  silver  in  the  lead  by  Pattinson's  method. 
e.  Eliminating  the  silver  from  the  lead  by  means  of  zinc. 

</.  Beiining  the  silvor-glanco. 

bmeitingrorsiiTer  Directly.  i.  It  only  rarely  happens  that  silver  ores  are  rich  enough 
to  admit  of  the  metal  being  obtained  by  a  direct  smelting  process. 

^*l^S&Si?toI!'  ^^  2.  The  method  of  obtaining  silver  by  the  aid  of  mercury,  or  the 
amalgamation  process,  is  chiefly  applied  to  very  poor  ores,  and  to  such  metallur- 
gical products  as  contain  only  loo  to  120  grms.  of  silver  to  the  metrical  cwt. 

^"^''**'prSS!f°**"°"  This  process — now  obsolete — was  conducted  in  four  principal 
operations — viz.,  i.  The  roasting ;  2.  Amalgamation  ;  3.  Separation  of  excess  of 
mercury  from  the  amalgam  by  mechanical  means  ;  4.  Volatilisation  of  the  mercury. 
There  was  first  added  to  the  ores  about  10  per  cent,  of  common  salt,  and  the  mix- 
ture roasted  to  volatilise  the  antimony,  arsenic,  and  other  volatile  minerals,  the 
fumes  being  condensed  in  properly  arranged  rooms.  By  the  reaction  of  the  com- 
mon salt  upon  the  pyrites,  converted  by  the  roasting  into  sulphate  of  iron,  there  is 
formed  sulphate  of  soda,  chloride  of  iron,  and  sulphurous  acid,  which  escapes.  The 
chloride  of  iron  exchanges  its  chlorine  with, the  silver,  the  result  being  the  forma- 
tion of  peroxide  of  iron.  There  are  also  formed  sulphate  of  copper  and  persulphate 
of  iron,  which,  while  oxidising  any  sulphuret  of  silver  to  sulphate,  become  reduced 
to  proto8ulphat<Js.  By  the  further  action  of  the  common  salt,  chloride  of  silver  and 
sulphate  of  soda  are  formed,  and  the  other  metals  converted  into  chlorides.  The 
brown-coloured  mass  is  next  transferred  to  the  amalgamation  tuns ;  and  after  the 
addition  of  water,  mercury,  and  iron,  thsse  tuns  are  made  to  rotate  on  their  longi- 
tudinal axes  for  a  period  of  16  to  18  hours,  the  velocity  being  regulated  to  20  to  22 
revolutions  per  minute.  The  iron  while  combining  with  the  chlorine,  causes  the 
reduction  of  all  the  other  metals  to  the  metallic  state,  and  as  far  as  capable  these 
then  form  an  amalgam  with  mercury. 

In  order  to  elucidate  the  amalgamation  process  wo  will,  for  example,  take  a  silver  ore  to 
consist  of — 

(Cii,S,AgS,FeS)  +  (As,S3,Sb„S3) 
from  which  the  silver  is  to  be  separated,  according  to  the  method  just  described.*     After 
the  roasting  with  common  salt  (ClNa),  there  being  taken  up  in  this  instance  30  mols. 
of  oxygen,  the  following  substances  are  formed  : 

[(Cu,Cl„Aga,FeClJ  +  3Na,S0,]  +  i^^fiz  +  Sb,03  +  6S0,], 

s , 1  V ^ > 

Non-volatile  substances.  Volatilised  substances. 

The  changes  which  arc  effected  by  the  action  of  the  iron,  mercury,  and  water  in  the  amal- 
gamation tuns  are  exhibited  by: — 
[(Cu,a^gCl,FeClJ  4-  3Na,SO,4-  3Fc4-  *aHg  =  3Na,S0,-}.  (Cu,Ag,«Hg)  +  4FcClJ. 

Amalgam. 
At  the  end  of  the  period  destined  for  the  rotation  of  the  tuns,  the  amalgam  is  run 
off.    The  excess  of  mercury  is  strained  through  a  coarse  canvas  bag,  and  collected 
in  a  stone  trough  or  tank.     Tho  real  amalgam,  a  thick  pasty  mass,  remains  in  the 

•  No  attention  is  paid  in  this  case  to  the  volatile  clilorides  of  sulphur,  arsenic,  and 
antimony  which  are  simultaneously  formed.  Tho  reader  who  desires  more  extensive 
information  on  tho  subject  here  brieflv  outlined,  is  referred  to  Mr.  Crookes's  "  Metallurgy," 

V0l.i.  g 
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bag,  which  ia  next  strongly  pressed  between  plauks  to  squeeae  out  any  further 
excess  of  non-argentised  Mercury,  The  solid  atnaljjmn*  is  then  tonaferred  to  tho 
iixin  plutos,  tA,(Fig.54),  arranged aa  shown  in  tho  woodcut,  and  as  ab-eady  doscvibed 
under  tho  article  Mercury.  By  tho  actioa  of  tho  firo  tho  mercury  is  aoparated  from 
the  amalgam,  and  being  vrolatilisod,  ig  collected  under  tho  wator  contained  in  cf, 
while  tho  metallic  silver  and  other  metals  mixed  with  it  are  left  on  tho  iron  platefi> 

Fio.  54. 


•¥^^^t 


At  the  present  1 1  <'  coutrivimce,  tkurij  is  usi^d  an  iron  diii 

tilling  apparatus,  not  uiiltkc  cylindrical  uon  gas  retort*,  ono  end  being  fitte<i  with  a 
movable  lid  for  the  introcluctl«»n  c»f  tho  amalgam,  and  tho  other  end  connecte<l  wifh 
au  iron  tubo  which  dips  into  a  trough  Elled  with  water  to  condenso  tho  volatilised 
mercury.  Supcrheat<?d  steam  is  also  advantageously  used  to  separate  the  mercury 
from  tho  amulpim.  Tho  crude  silver  lell  after  tho  separation  of  tho  mercury  is 
submitted  to  a  first  refining  smelting,  by  bting  put  into  graphito  crucibles,  and  tho 
smfftco  covered  with  charcoal  powder.  But  ovon  after  this  smelting  the  silver 
always  contains  a  certain  quantity  of  copjKjr,  from  which  it  can  only  bo  sepamled 
by  refining  iu  a  cupel  furnace. 

AiorrirtB  A»*iuiuB40on     Tbo  Amcricttn  process  is  chiefly  u«ed  in  Mexico,  Peru,  Cliili,  and 
P""****-  Culifomia,    The  ores  to  which  it  is  generally  applied  are  tho  ruby- 

til  ver  oim  and  laid  ores.    Those  are  first  pulverised  in  a  tumping  mills,  and  are  next 

•  Aooordhig  to  Dr.  Karsten,  the  composition  of  tho  soHd  amalgam  is : — Silver,  u  -o ; 
siercnry,  &4*2  ;  copper,  '^•5 ;  lead,  0*1 ;  zinc,  0*2. 

f  The  silver  left  on  the  plates  at  tlie  Freiberg  mmes  eon<*iflt*,  nocording  to  Prof^^ssor 
l4impadiup,  of :— Silrer,  750;  mercury,  07;  copper,  2 12;  lend,  1*5.  The  refine<l  nilver 
of  the  same  pliM«  contains,  according  to  Professor  Plattiier :— Silver.  7i'55  ;  copper,  28*01* 
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prrotmd  with  water  under  granito  or  porphyry  millstones,  to  a  thoroughly  impalpable  paste. 
This  material  is  placed  in  a  yard  paved  with  flags,  which  are  laid  with  a  slight  inclination 
safficient  to  cause  the  rain-water  to  run  off.  After  having  been  kept  there  for  some  days, 
there  is  added  from  i  to  3  per  cent,  of  what  the  miners  locally  designate  as  magistral, 
that  is  to  say,  roasted  iron  and  copper  pyrites  (FeCuS^),  which  is  thorougldy  mixed  with 
the  finely-divided  ore.  Mercury  is  then  added  in  quantity  equivalent  to  alx)ut  six  times 
the  amotmt  of  silver  contained  in  the  ore ;  tliis  operation  is  terme<l  incorporation.  The 
kneading  of  the  mercury  is  continued  on  alternate  days  for  two  to  five  months,  and  after 
that  time  the  mass  is  washed  with  water  in  stone  cisterns  in  order  to  separate  the  heavy 
amalgam  from  the  light  gangue.  The  amalgam  thus  obtained  is  separated  from  any 
excess  of  mercury  by  being  pressed  in  canvas  bags ;  the  remainder  of  the  mercury  being 
separated  by  distillation.  The  rationale  of  this  amalgamation  process  is:- -The  roasted 
copper-iron  pyrites  is  essentially  made  up  of  mixed  sulphates  of  copper  and  iron,  which 
when  reacting  upon  the  common  salt,  are  converted  into  chlorides  of  the  metals  and  sulphate 
of  sodla.  The  chlorides  acting  upon  the  silver  convert  it  into  chloride,  and  this  becoming 
dissolved  by  the  excess  of  salt,  is  converted  by  the  mercury  to  the  metallic  state.  Some  of 
the  mercury  is  converted  into  calomel,  and  the  excess  dissolves  the  silver,  becoming  amal- 
gamated with  it.  This  American  process  requires  a  great  length  of  time,  and,  moreover, 
occasions  an  enormous  loss  of  mercury,  as  for  evenr  mol.  of  silver  reduced  from  tlie  chloride 
of  that  metal  there  is  formed  i  mol.  of  calomel  (Hg^jClJ.  On  the  other  hand,  this  method 
admits  of  the  extraction  of  silver  from  ores  too  poor  to  be  treated  in  any  other  way, 
while  a  great  saving  of  fuel  is  obtained. 

^sKw  eI^'JiISJ.**^  ^^s  hydrometallurgicxil  method,  invented  by  M.  Augustin,  is 
based  upon  tho  formation  of  a  soluble  double  chloride  of  silver  and  sodium  when 
chloride  of  silver  is  treated  with  an  excess  of  a  warm  solution  of  common  salt,  and 
also  upon  the  fact  that  copper  is  capable  of  precipitating  ail  the  silver  from  this 
solution.  The  ore  is  first  reduced  to  a  finely-divided  powder,  which  essentially  con- 
tains sulphurcts  of  copper,  silver,  and  iron.  This  powder  is  roasted,  fii-st  without 
tho  addition  of  common  salt,  with  tho  result  that  sulphates  of  tho  metals  are  formed, 
and  excepting  that  of  silver,  again  decomposed  by  a  higher  temperature.  Tho  mass 
is  next  roasted  with  common  salt,  whereby  tho  sulphate  of  silver  is  converted  into 
chloride.  The  mass  is  then  treated  with  a  concentrated  hot  solution  of  common 
salt,  which  dissolves  the  chloride  of  silver,  and  from  this  solution  tho  silver  is  pre- 
cipitated by  metallic  copper,  which  becomes  chloride  of  copper,  and  is,  in  its  turn, 
precipitated  by  metallic  iron. 

zierrogei's  Method.      This  method  is  to  some  extent  similar  to  that  just  described,  but 

no  roasting  with  common  salt  takes  place.     The  roasted  ore,  chiefly  containing  as 

essential  ingredients  sulphate  of  copper  and  sulphate  of  silver,  is  treated  with  boiling 

water  to  dissolve  these  sulphates,  and  yield  a  solution  from  which  metallic  silver  is 

precipitated  jby  means  of  copper,  tho  sulphate  of  that  metal  being  obtained  as  a 

by-product.     When  the  ores  happen  to  contain  arsenic  and  antimony,  this  method  is 

not  applicable,  as,  by  tho  roasting,  arseniato  and  antimoniate  of  silver  are  formed, 

■which  are  insoluble  in  water.     If  lead  is  present,  tho  ore  becomes  fluxed  and  the 

roasting  a  far  more  difficult  matter. 

^'^SSJo^EiSaciIn'*^**  ^^*  ^^^^  Ritter  von  Hauer  suggests  the  treatment  of  the  ores 
surer.  ^  ^  as  in  the  European  amalgamation  process,  and  tho  extraction  of 
the  chloride  of  silver  by  means  of  a  hvposulphite  of  soda  solution,  the  metallic  silver  being 
next  precipitated  by  the  aid  of  coi)i)er  or  tin.  Dr.  Patera  suggests  the  substitution  in 
Augustin's  method  of  a  hyposulphite  of  soda  solution  for  that  of  common  salt,  the  former 
being  more  manageable  and  applicable  cold.  Similar  suggestions  have  l)ee^i  made  by 
Dr.  Percy,  who  also  advocates  the  applicability  of  h}T>oohloritc  of  lime,  and  of  chlorine  gas 
for  converting  tho  silver  into  chloride.  MM.  Rivero  and  Gmelin  were  the  first  to  suggest 
the  use  of  ammonia  for  the  purpose  of  extracting  and  dissoh-ing  the  cldoride  of  silver  aftei 
the  ores  had  been  roasted  with  common  salt ;  the  precipitation  of  the  chloride  from  the 
ammoniacal  solution  by  means  of  sulphuric  acid,  and  the  smelting  of  the  chloride  with  a 
suitable  flux  to  obtain  metallic  silver.  We  must  not  omit  to  mention  the  method  of 
extracting  silver  from  copper  regidus  and  mattes  by  means  of  hot  dilute  sulphiu'ic 
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acid,  whereby  the  copper  ia  diasolTed  aad  a  residue  left  oontamiag*  the  dlrefi  which  is 
further  extracted  in  the  dry  wny  b j  xneazw  of  lead. 
Eatntrumi  or  sDTcr     '^^  method  of  extroctlug  silver  from  ita  oree  hj  means  of  lead  is  based 

ly  the  Dfj  W  ty     tipOU : — 

1.  The  property  of  lead  to  decompose  sulphuret  of  silver,  with  the  formatioii  of  sulphuret 
of  lead  and  metallic  silver ;  ^^^  |    yield    |  p^g^*^" 

A»  leaii  hardly  acts  at  all  upon  tho  other  metallic  sulphides,  and  least  of  all  upon  those  c 
copper  and  iron,  the  products  of  the  smelting  are  lead  combined  with  silver^  and  a  regain 
consinttng  of  the  Bulphurets  of  lead,  (topper,  and  iron.  Thia  method  of  extraction  su 
best  with  ores  containing  as  small  a  quantity  of  copper  as  possible. 

2.  Ujxm  tho  decomposing  reaction  exerted  by  oxide  of  lend  nnd  Bulphate  of  lead  upon 
the  Bulphuret  of  silver,  in  consequenoo  of  which  there  are  formed  mct^illic  lead  containing 
silver  and  sulphurous  acid  ;— 

A&Si   yield    *!]i^' 
iFbOj   ^^^    I.  SO, 


and 


^^^y^^^&!' 


3.  Upon  the  reducing  action  of  lead  upon  oxide  of  silver  or  upon  sulphate  of  silver : — 
2Pb     (      .,,    fPbO 

and  p.         .  (PbAg 

4*  Upon  the  greater  affini^  of  the  silvur  for  lead  than  for  copper.  If  copper  tliat 
contains  silver  is  melted  with  lead,  the  result  is  tho  fonnatiou  of  a  readily  fusible  tdloy  of 
lead  and  a  difficultly  fusible  alloy  of  copper  aud  lead,  tho  former  metal  being  separable  by 
liquation. 

M»de«ria«iArinsUM       Only  gonuino  sllvor  ores  are  submitted  to  the  operation  of 

suJer.     *     smelting  with  lead,  but  these  ores  usually  contain  yariable  pro- 

portiond  of  copper,  lead,  cobalt,  sulphur,  and  other  eubstamces.    The  result  of  tho 
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WWlting  with  lead  is  the  production  of  a  metal  containing  silTor,  to  be  separated  bT^i 
any  of  the  following  operations :— 
!♦  On  the  refiulng-fumace  ; 

2.  By  Pattinson'B  procew ; 

3,  By  means  of  zinc. 
jtcflaiRf  Pm«is.     This  operation  is  as  frequently  earned  on  at  lead-ore  smelting- works 

tts  where  only  silver  is  smelted*  Tho  ratiotiaic  of  tho  operation  is  that  load  is 
TCftdily  separated  from  such  metals  as  are  nt  a  high  temperature  either  ox i disable 
with  vorv  groat  difficulty  or  not  at  all ;  whereas  load  oxidises  readily,  its  oxide 


SILVER.  loi 

becoming  fluid.  But  it  is  requisite  that  the  oxide  of  lead  should  be  removed  or  ab- 
sorbed by  a  suitable  medium,  generally  the  porous  substance  composing  the  cupel  or 
bottom  of  the  hearth  of  the  refining  furnace.  The  operation  is  carried  on  as  long  as 
any  oxide  and  metallic  lead  remain,  so  that  only  the  silver  is  left.  This  operation  is 
the  exact  counterpart  on  the  large  scale  of  the  well-known  lead-silver  assay  carried 
on  in  a  muffle  with  bone-ash  cupels.  The  refining  funiace,  see  Fig.  55,  is  a  circular 
reverberatory  blast-furnace.  The  heaAh,  A,  is  covered  with  a  dome  of  stout  sheet- 
iron,  lined  inside  with  fire-clay,  and  removable  by  means  of  a  crane,  D.  That  por- 
tion of  the  l^arth  upon  which  the  smelting  is  carried  on  is  constructed  of  a  porous 
substance,  generally  lixiviated  wood- ash  or  marl  of  good  quality.  The  cavity,  c,  is 
intended  for  collecting  the  silver ;  B  is  the  space  for  the  flame.  In  the  circular  wall 
which  surrounds  the  hearth  there  are : — (i).  The  door,  not  exhibited  in  the  cut,  which 
represents  a  vertical  section  intended  for  the  discharge  of  the  molten  htharge.  At 
the  outset  of  the  smelting  this  door  is  only  partly  closed  with  fire-clay  to  admit  of 
the  litharge  being  run  off.  The  furnace  is  charged  with  lead  to  a  little  above  the 
level  of  the  lower  sill  of  this  door,  and  the  fire-clay  gradually  removed  as  the  level 
of  the  fused  litharge  sinks.  (2).  The  door,  r,  opposite  to  the  fire-place,  and  intended 
for  the  charging  and  construction  of  the  hearth.  (3).  The  openings,  a  a',  admit- 
ting the  tuyeres  of  the  blast. 

The  refining  operation  is  carriod  on  at  a  gradually  increased  temperature  until  only  a  very 
thin  layer  of  oxide  of  lead  covers  the  surface  of  the  silver.  This  is  known  by  the  peculiar 
display  of  colours,  technically  known  as  the  brightening,  more  aptly  expressed  in  German  by 
a  word  which  means  lightening y  for  that  is  really  the  appearance.  This  being  observed,  the 
fire  is  slackened,  and  the  silver  having  been  cooled  with  water,  is  removed  from  the 
hearth.  The  litharge  which  runs  off  is,  on  cooling,  a  yellow  or  reddish-yellow  crystalline 
mass  (see  Lead,  p.  63). 

pattiiiaon's  Method.  Tho  refining  process  just  described  is  not  suited,  that  is  to  say, 
does  not  pay,  when  the  lead  contains  only  012  per  cent,  of  silver.  Now  it  so  happens 
that  the  various  kinds  of  galena  met  with  in  England  }aeld  a  lead  which  contains 
only  0*03  to  0*05  per  cent,  of  sUver.  In  1833,  Mr.  11.  L.  Pattinson,  of  the  Felling 
Chemical  Works,  near  Qutoshead-on-Tyne,  instituted  a  series  of  experiments  relative 
to  a  new  method,  applicable  on  tho  largo  scale,  for  separating  lead  from  silver  when 
the  latter  is  present  in  small  quantities.  His  efforts  were  successful,  and  have 
greatly  benefited  his  own  and  other  countries  where  his  process  is  worked. 

Pattinson' 8  method  essentially  consLsts  in  a  concentration  process,  based  upon  the  pheno- 
menon that  when  a  certain  quantity  of  load  that  contains  silver  is  meltod  in  iron  cauldrons, 
and  the  fluid  mass  allowed  to  cool  uniformly,  there  ensues  a  formation  of  small 
octahedral  crystals  which  do  not  contain  any  silver  at  all,  or,  at  any  rate,  are  a  great 
deal  poorer  in  silver  than  tho  metal  originsdly  taken,  wliilo  the  portion  of  the  metal 
remaining  fluid  is  found  to  contain  an  increased  quantity  of  silver.  It  is  cloiir,  there- 
fore, that  if  the  crystals  first  obtained  are  again  melted  and  cooled  uniformly,  another 
concentration  will  be  obtained,  and  that  the  operation  can  be  repeated  until  a  lead  is 
obtained  rich  enough  in  silver  to  admit  of  undergoing  a  refining"  process.  Practically, 
Mr.  Pattinson's  method  admits  of  concentrating  2*5  per  cent,  of  silver.  In  the  execution 
of  this  process,  the  |  and  |  systems  are  employed*.  If  the  first,  at  ever>'  operation  two- 
thirds  of  the  contents  of  the  cauldron  are  removed  with  perforated  ladles,  while  in  the 
other  case,  seven-eighths  is  the  quantity  of  crystals  ladled  out,  leaWng  resj)ectively  one- 
third  and  one-eighth  of  the  contents  of  the  cauldron  in  tho  shape  of  fluid  lead.  The 
f  system  is  better  suited  for  tho  richer  lead,  the  |  system  for  very  poor  lead.  M.  Boudchen 
has  recently  modified  Pattinson's  process.  Instead  of  ladling  out  the  crystals,  he 
diffuses  them  in  the  lead,  and  stirs  them  about  to  prevent  them  enclosing  any  lead 
likely  to  contain  silver.  The  lead  is  withdrawn  from  the  cauldron  by  means  of  a  tap  at  tho 
bottom.  In  all  cases,  however,  the  quantity  of  lead  operated  on  at  one  time  is  always 
Inrge,  generally  200  cwts.,  to  cause  the  cooling  to  proceed  slowly.  At  the  Freidrich  Lead 
Silver  Works,  near  Tamowitz,  the  enriched  lead  contains  1*28  per  cent,  of  silver. 
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^'^"^If  *Siac  ^**"'      "^^^  proceBs,  suggested  by  Mr,  Parker,  in  1850,  Las  only  recent! j  I 
been  pruetii-'ally  earned  out  by  M.  Corduri^,  at  Toulouse.     TliiB  method,  as  far  &»* 
we  are  now  capable  of  judg-Lng,  will  probably  supersede  even  Pattinson's  excellent 
method.     The  raiionah  of  the  pmcess  is  based  upon  the  faets :— 1.  That  lead  and 
ainc  do  not  alloy  together,     a,  ThHt  the  affinity  of  silver  for  zinc  19  much  greatei* 
than  for  lead. 

Tlio  foUowinsr  is  the  manner  of  execution  :-^20  cwts.  of  lead,  wliidi  may  eontaln  (per 
tan)  only  0*25  kilo,  of  filver,  is  melted,  and  when  prriporlv  liquefied  there  i^  addet.l  j  cwt,  j 
of  molten  zinc.     Tlie  zinc  havinisf  been  thoroughly  mixed  witli  the  lead,  the  molten  maiaj 
id  left  to  st-atid  iiutil  the  zinc»  which  has  risen  to  the  surface,  foniis  a  cEik^^lliat  i»  easily! 
removed*    The  zinc  is  then  sepamtoil  from  the  silver  by  distillation,     Tho  residue  of  the 
digtiHation  is  raplted  with  kud^  and  the  alloy  thus  obtained  refine*!  as  above  described. 
The  zinc  obtained  by  the  distillation  is  used  for  another  operation.     According  to  a  morftJ 
recfint  improvementi  the  «inc  is  .%*panited  from  the  silver  by  oxidation  by  pa^ainjc^  sii}>cr*] 
heated  steam  over  the  red-hot  zinc  (Zn  +  H^O :=  ZnO  +  H^j.     The  lead,  which  of  coura 
lifter  this  operation  contains  traecvs  of  zine,  is  purified  by  beinjtr  meltetl  with  either  chlorid 
of  lead,  or  a  mixture  of  sulphate  of  lead  and  eldoride  of  sodium,  or  with  chloride  of  ixxtaa^ 
§ium  from  Stasrfurt,  the  result  being  the  formation  of  cMoride  of  zinc,  which  collects  at 
tho  mrface  or  may  be  yolatiliscd  at  a  low  red  heat. 

The  tniknAtt  luitiiitiK     !«  whatever  manner  sOvr^r  may  have  been  metallnrjorically  obtalne 

of  Silver,  jj^Q   metal    is  a  crude    material,   very  far    frf.jm    beiuir    ceiit-per-eeailj 

silver.  The  impiiritie«,  fort»i^  metal*,  or^  mons  correc tLy»  baae  mctok,  often  amount  U 
7  and  even  8  per  eent ;  and  in  order  to  remove  these,  the  ailvcT  is  eubnuttod  to  a  prooen 
of  ignition  in,  or  rather  on  the  Kurface  of,  ves^kels  maile  of  an  ahsorhont  materiaL  Thii 
material  is,  for  this  ultimate  refining",  ffenorally  bone-a»h,  which  is  pressed  into  iron  1 
of  convenient  size,  care  being"  taken  to  nise  some  lead  with  the  silver,  if  there  is  not  aln 
sufficient.  As  regards  tliis  idtimato  refininsr,  there  can  be  distinjjpiished  three  diflit 
methods.  The  first  has  just  been  described.  The  second  is  carried  on  in  mu^es,  tlitt^ 
baiKs  metals  burning'  ofif  dowly.  The  thirtl,  and  most  advantageous  method,  is  cjirriod  on 
in  .1  reverbcratory  furnace,  loo  parts  of  crude  silver  yield  96- 8  partu  of  refined  silver  at 
99*9  per  cent,  pur©  fine  metal,  which  is  east  in  largt^-sizcd  bars.  The  value  of  the  annual 
prrKlnction  of  flx^e  silver  amountii  to  £9,000,000.  Of  this,  Mexico's  share  is  the  largi^, 
being  half  of  tho  entire  production.  The  bulk  of  this  silver  contains  some  gold  and 
platinum. 

ChcflkiMU J  puK  fUiTvr,  "WTicn  for  certain  purposes  metallio  silver  is  required  chemieaUy 
pure,  it  may  be  obtained  by  dissolving  any  ordinary  silver  coin  in  nitric  acid,  [mti  ]>recjpi- 
tatinjr  the  eolutioTi  with  an  ar[neous  solution  of  common  salt  or  hydrochloric  acid.  The 
Qhlnride  of  silver  thus  obtained  should  be  reduced  by  ignition  in  a  oniciblo  with  dry  car- 
bonate of  potassa,  to  which  a  little  resin  may  bo  added.  But  chloride  of  silver  is  now 
conmionly  reduced  hv  the  wet  way,  by  can.^ing  it  to  be  acted  upon  by  metallic  zinc  and  a 
dilute  solution  of  either  sulphuric  or  livdrochlorio  a/id, 

(lAgCl  -Y  2u  +  CIH  =  ZnCl,  +  Ajr,-f  CIB). 

itopcrMr*  of  surer       Silver  ohtamed  by  smeltiug  exhibits  a  ijuro  white  colour  and  a  etron^ 
metallic  lustre,  which  is  greatly  increased  by  polishing.     Its  fractiirfi  is  compact  rather 
than  fibrous.     It  is  softer  than  copper,  but  Irnrder  than  pure  gold ;  when  chemically  puns 
its  softness  is  greatest.     It  is  not  a  sonorous  metal,  bearing  a  roaemblanoe  in  tliis  respeci  j 
to  tin  and  lead.     Gold  only  cxoepted,  silver  is  the  most  dnctile  of  the  mctJils,  a  propertjrl 
impaired  by  the  presence  of  foreign  metals  other  than  copper  and  gold,  by  the  latter  of 
which  the  ductility  is  slightly  increased.     Lead  and  antimony  render  silver  brittle.    When 
silver  contains  an  excess  of  carburet,  produce*!  by  smelting  tho  metal  with  an  exccti^  of 
carbon,  the  mct«l  is  rcndcrctl  lesi  ductile ;  but  a  BUiall  quantity  of  the  carbuitft,  as  much 
as  is  foond  in  coins  of  a  liigh  percentage  of  nilver,  is  rather  advantagwjus,  increasing  the 
hardness  of  the  mctid,  and  causing  it  to  wear  well.     Smelting  in  plumbago  crucibles  does  1 
injure  silver.     Its  si>ouific  gravity  varies  from  105  to  107.     The  absolute  strength  is  fa 
IcNfl  than  that  of  ooppor.     Its  expansion  bv  heat  in  o"*  to  100*  C,  is  ,],th.    According  tol 
M.  Deville,  tlie  melting-point  is  916^;  but  Dr.  van  Eiemsdijk  states  that  the  results  of  u 
tieries  of  experiments  made  at  the  Ctrecht  Mint  in  1868,  snowed  the  melting-|x)int  to  Ije 
1040",  tlio  metal  being  kept  in  a  slow  current  of  pure'  hydrogen.     At  a  very  liigh  tempcra- 
turv',  such  as  can  Ito  proauced  only  by  the  oxyhyilrogen  flame  or  by  eU>ctrirtty,  silver  is 
Vrlatiliscd.     Wlien  alloye<l  to  other  metals,  ©specially  to  copper,  tlie  volatility  is  incroa*cd, j 
and  even  at  a  lower  tcraperaturo  than  tho  melting-point  of  copper,  vU.^  '33o^  Br.  vaml 
liicmsdijk  found  such  silver  to  be  perceptibly  vohitue,     M.  Stas,  of  the  Brussels  Mint,  in '- 
1S69,  distilled  soma  50  grms.  of  sUrer  by  meuui  of  the  oxyhydrugen  fhune,  in  order  io 
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obtain  the  metal  perfectly  pure.  Molton  Bilver  absorbs  oxygen,  -v^hich  is  again  expelled 
from  the  metal  on  solidiiication,  and  gives  rise  to  the  phenomenon  known  by  ailver-assayers 
as  spirting,  the  escape  of  the  gas  causing  the  metal  to  be  forced  asimdcr  in  small  drops. 
However,  when  the  molten  alver  contains  even  i  per  cent,  of  either  lead  or  copper,  it 
solidifies  without  spirting.  Silver  is  not  acted  upon  by  dilute  acids,  but  is  readily  dissolved 
in  the  cold  by  nitric  acid.  Silver  is  very  sensitive  to  the  action  of  sulphuretted  hydrogen, 
by  which  it  is  readily  tarnished. 

Aiiojtof  siiTcr.  Silver  alloys  readily  with  lead,  zinc,  bismuth,  tin,  copper,  and  gold ; 
but  tho  most  important  alloy,  in  an  industrial  point  of  view,  is  that  with  copper, 
pure  silver  being  too  soft  for  general  application.  All  silver,  therefore,  whether  used 
for  plate,  coin,  or  for  ornamental  purposes,  invariably  contains  a  certain  amount 
of  copper.  In  most  civilized  countries  there  exist  laws  regulating  the  alloy  of  silver 
to  be  used  for  coin  or  plate.  Pure  silver,  or  fine  silver,  is  now  generally  indicated 
by  JS^.  The  alloy  for  the  silver  coins  of  Germany  is  indicated  by  t$J ;  meaning 
that  1000  parts  by  weight  of  the  coin  contain  900  parts  of  pure  silver,  the  remainder 
being  copper.  Twenty- seven  Union  thalers  weigh  i  half  kilo. ,  therefore  a  single 
thaler  weighs  18*518  grms.,  and  contains  i6*666  grms.  of  pure  silver.  By  an  inter- 
national treaty  with  France,  Italy,  Belgium,  Portugal,  Switzerland,  and  Spain,  i  kilo. 
of  ^  silver  is  to  yield  200  franc  pieces,  i.e.,  222  j  franc  pieces  to  i  kilo,  of  fine  silver. 
The  same  alloy  is  employed  for  pieces  of  2  and  5  francs,  there  being  200  of  the 
latter  to  the  kilo.  In  tho  Netherlands,  where,  by-thc-byo,  gold  coin  is  no  longer 
current,  and  silver  is  tho  standard,  the  alloy  used  is  ft'^.  Tho  silver  coins  of  the 
United  Kingdom  are  made  of  an  alloy  •j'Sg,;  i  lb.  Troy,  or  373*228  grms.,  of  this 
alloy  is  coined  into  66  shilling  pieces.  A  pound  Troy  of  fine  silver  would  yield 
7i}f  shillings. 

^"pilte!  Ac.''*'  I^  nearly  all  European  countries  tho  laws  have  fixed  the  composition 
of  the  alloy  of  silver  which,  duly  marked  and  stamped,  shall  be  offered  for  sale  as 
plato  by  gold-  and  silver-smiths,  who,  in  Holland,  Belgium,  France,  and  Sweden,  are 
not  allowed  to  have  in  their  workshops  any  electro-plated  articles,  or  any  alloys 
other  than  those  fixed  by  law.  The  composition  of  these  alloj's  varies ;  expressed  in 
milliemes  of  fine  metal,  it  is  for  Austria  and  Bavaria,  812;  for  Prussia  and  Saxony, 
750 ;  for  England,  925.  For  France,  Belgium,  and  the  Netherlands,  a  double  alloy 
is  fixed,  tho  higher  being  950,  the  lower  800.  The  alloy  lately  brought  into  use 
under  tho  name  of  tiers-argent ,  one-third  silver,  really  consists  of  27*56  per  cent, 
silver,  59  percent,  popper,  9*57  per  cent,  zinc,  and  3*42  per  cent,  nickel,  though  in 
the  trade  this  alloy  is  alleged  to  consist  of  f  nickel  and  J  silver.  Tiers-argent  soils 
at  £3  128.  per  kilo.  This  alloy  is  harder  than  silver ;  its  colour  and  polish  are  as 
good.     It  is  extremely  well  adapted  for  all  kinds  of  plato. 

Siirer  Aany.  If  it  be  dcsired  to  know  tho  quantity  of  fine  silver  contained  in  an  alloy  of 
gilvor — ^which  for  our  present  purpose  we  will  assume  to  contain  only  silver  and  copper — 
there  are  three  different  methods  by  which  this  proposition  can  bo  solved,  viz. : — i.  The 
assay  by  the  dry  way,  termed  cupellation.  2.  The  assay  by  the  wet  way,  or  titration  pro- 
cess.    3.  The  hydrostatic  assay. 

Dry  Anay.  Usually  this  assay  is  conducted  by  first  testing  the  alloy  by  comparing  tho 
streak  it  makes  npon  touchstone — a  piece  of  polished  basalt  or  siliceous  schist — with  the 
streak  produt«d  upon  tiio  same  stone  by  test-needles ;  that  is  to  say,  small  bars  of  silver 
of  known  composition.  It  should,  however,  be  borne  in  mind  that  the  surface  of  sUver 
articles,  as  well  as  of  coins,  may  have  been  blanchedy  as  the  term  runs ;  that  is  to  say,  acted 
upon  by  hot,  dilute  sulphuric  acid,  to  dissolve  a  portion  of  the  copper  of  the  alloy,  and 
leave  a  film  of  aUoy  richer  in  sHrer.  The  alloy  to  be  further  assayed  is  next  melted  down 
with  a  piece  of  pure  soft  lead,  or  lead  containing  a  known  quantity  of  silver,  in  a  capsule, 
tcchnieally  called  cupel,  made  of  bone-ash.  The  cupel  ia  previously  well  heated  in  a  muffle, 
and  the  lead  is  placed  in  it.    As  soon  as  the  lead  has  become  quite  liquid,  the  sample  of 
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eilvor  to  be  aasayed  is  oddifxl;  the  copper  and  load  are  oxidiacKlt  and  in  tlmt  sfcata  abiorbej 
br  ttie  poroua  sabatances  of  the  capel.  Aa  soon  as  the  euHac©  of  the  eilver  button  appears 
quite  bright,  the  opc'intion  is  finiilied^  and  tho  cupc4  slowly  coohxl.  Tho  button  of  mlver 
lis  tlieu  weijfhed.  It  ia  usual  to  make  two  assays  of  the  fiamo  sample;  tboso  oeeajfi  should 
agree  in  their  results  t^j  within  yVj^nd  to  be  of  any  value. 

w«t  AiMj--  This  method  of  assaying'  wlver  waa  de-.Tsed  some  sixty  years  dgo  by  the  hit<s 
Profetoor  Goy-Lu&^c^  at  tho  request  of  the  French  Government,  in  consequence  of  the 
great  Lrregtilarity  of  tho  rcifults  obtained  by  the  dry  method.  The  wet  assay,  ha\'ing^  been 
very  ^rr*?atlv  improved  in  detail  by  Dr.  G.  J.  Mulder,  M,  A.  W.  H.  van  Riemsdijk,  Dr,  Stas, 
and  M»  J,  Dumaai  ia  now  generally  adopted,  and  will  remain  to  all  time  a  masterpiece 
worthy  of  the  ingenuity  of  it**  orig'tnal  inventor,  who,  by  introducing  tliia  method,  laid  the 
foundation  of  volumt'trio  analyjiia,  now  so  usefully  and  completely  applied,  Gay-Luasac's 
wet  method  of  silver  assay  is  more  easily  executed  than  the  dry  aiisay,  while  it  is  far  more 
correct,  ndmitting  an  accuracy  of  judgment  within  ^'^tli  j:ier  cent.  The  method  is  based 
upon  the  property  possesjsed  by  common  salt  of  preeipitJiting'  silver  as  chloride  of  ailver 
fi\jm  its  nitric  acid  ^jlution.  As  5  4274  grma,  of  pure  common  stilt  exactly  convert  i  grm. 
of  pure  silver,  previously  disaolved  in  nitrio  acicL,  inti  chloride  of  edlvcr,  it  is  evident 
that-,  from  these  data^  and  with  the  application  of  suitably  constructed  apparattw  for  the 
volumetric  analyaia,  the  fincneaa  of  any  alloy  of  ssilver  may  be  aaocrtained  readily,  rapidly, 
and  with  great  aocunw^. 

uydTOitatJeAiAMT.  ThiB  method  ia  of  course  by  no  means  so  correct  as  either  of  tho 
foregoing,  and,  moreover,  is  impaired  by  the  lact  that,  although  aUoys  of  copper  and 
sU  ?er  expand  under  pressure,  they  become  denser,  so  that  the  hydrostatic  weighing,  that  is 
to  ^XLjt  the  estimation  of  the  specific  gravity  of  the  alloy,  is  only  udmittei  as  a  test  of  its 
nhitivo  value.  With  Buch  tuloya  ha  have,  like  coins,  to  bo  rolled,  pressed,  or  drawn, 
the  hydrostatical  results  rarely  dijffer  moro  than  ^^  from  the  results  obtained  by  cupeUa- 
tion-  The  empirical  rule  for  tho  e^imatlon  of  the  value  of  silver  assayed  by  this  method 
is  the  foUowing : — The  number  SS14  is  subtracted  from  the  specific  gravity  of  the  alloy, 
two  cyphers  are  added  to  the  difference,  and  the  figure  thus  formed,  considered  as  a  whole 
number,  is  divided  by  ^79;  the  quotient  is  the  fineness  of  the  ailver  alloy  expressed  in 
grains.  For  instance,  let  the  specific  gravity  of  the  alloy  be  :=:  10*065,  ^®^  *^<*  fineness 
ia:=  216  grains,  or  ^^^;    ainoe — 

10065  -  8S14  =:ii -25 1 
and 


rj5,ioo 


-=:2i6 


Athotaf,  XliG  coating  of  metals  T^nth  a  film  of  silver  can  be  effected  by: — i,  plating; 
2,  tho  igneoua  |itx>cesa ;  3,  in  the  cold ;  4,  the  wet  way ;  5,  gulvanically,  or  electro-platings 

fiUfcrPUtiov,  In  order  to  coat  metallic  copper  with  a  layer  of  silver,  the  sheet  copper  is 
first  thoroughly  cleansed,  then  treated  witn  a  moderately  strong  solution  of  nitrate  of 
ailver,  and  next  covered  with  a  sheet  of  ailver.  After  having  been  made  red-hot,  the  two 
metals oie  rolled  out  together.  Tho  silver  then  adheres  so  strongly  to  th©  copper  oa  to  admit 
of  the  metals  being  l)eatea  or  stampMxl  into  various  shapes.  Copper- wire  is  roadQ^  flOyered 
bv  being  covered  with  thin  strips  of  silver,  and  passed  through  rollers.  But  this  method 
of  platmg  is  almost  entirely  superseded  by  electro-plating. 

Trneow^orFire.  This  ineth*xl  of  silvering  is  effected  by  the  aid  cither  of  a  silver-amalgam, 
siivt-riar  ^  (jr  i,y  applying  to  the  wdl-cleansei  surfaco  of  the  met^  intended  to  be 
silvered  a  mixture  of  i  part  of  spongy  precipitated  metjillic  silver,  4  parta  sal-ainmoniiie, 
4  parts  commoiL  salt,  and  |  part  corroaivo  sublimate.  Tlie  metal  to  be  silvered  ia  rubbed 
with  this  mixture,  and  then  houted  in  a  muffle.  Buttons  intended  to  be  silvered  are  covered 
with  a  paste  consisting  of  4S  parts  of  common  salt,  4S  parts  aulphato  of  jrine^  I  port  of 
mercuric  chloride,  and  2  parts  of  ciiloride  of  silver. 

^  cnfactBf  i«  t^  Cbid-  The  metallic  surface  intended  to  be  8ilvere<l,  having  been  well  eltsnned, 
is  rubbed  by  means  of  a  smooth  cork,  with  a  mixture  of  eqiial  parts  of  chloride  of  ailver, 
common  salt,  J  of  chalk,  and  2  of  earbcmato  of  potash,  made  with  w titer  into  a  creamy 
paste.  Professor  Htin  recommends  that  1  part  of  nitrate  of  Kilvcr  nnd  3  of  cyanide  of 
potnwium  should  be  rubbed  together  in  a  mortar,  with  tlio  addition  of  uniHcient  water  to 
fVirm  a  Diiok  paste*  The  piuite  £  rubbed  <m  the  metiU  to  be  sdvcr^'d  with  a  piece  of  fianncL 
MM.  R/iseleur  aod  Lavuux  reoommendied  a  mixture  of  100  parts  of  Kulphite  of  soda  ami 
15  parts  of  nny  salt  of  silver.  For  silvering  the  dial-pin tcs  of  wat^jhes,  Aic.^  M,  Thiede 
recommends  a  mixture  of  spongy  silver  with  ofjunl  parts  of  common  srilt  and  cream  of 
tartar.     In  order  to  silTrr  iron  it  is  first  covered  with  a  kyor  of  copper. 
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BflTeriiigivythe  This  is  effdctcd  by  immorsing'  the  metal  intended  to  be  silvered  in  a 
wei  waj.  boiling  aqueous  solution  of  equal  parts  of  cream  of  tartar  and  common 
•alt,  with  J  part  of  chloride  of  silver.  The  description  of  tiie  meUiods  of  electro-plating 
will  be  given  at  the  end  of  the  chapter  on  Metals. 

oxidiMd  silver.  The  Small  ornaments  met  with  under  the  name  of  oxidised  silver  are  pre- 
pared with  either  sulphur  or  chlorine ;  in  the  former  case  a  bluish-black  coloiu:  is  imparted, 
in  the  latter  a  brown.  The  sulphur  is  appUcd  simply  by  dipping  the  object  into  a  solution 
of  sulphuret  of  potassium,  while  for  thd  chlorine  colour  a  mixture  of  sulphate  of  copper 
and  sal-ammoniac  is  used. 

Nitrate  of  siiTer.  This  Salt  ^AgNOg)  is  now  prepared  on  the  large  scale  by  dissolving  silver 
containing  copper  in  nitnc  acid,  evaporating  the  solution  to  dryness,  and  igniting  the 
residue  until  rul  the  nitrate  of  copper  is  decomposed.  The  residue  is  next  exhausted  with 
pure  water,  the  solution  filtered  and  left  to  crystallise.  For  medical  purposes  the  crystals 
are  fused,  and  while  liquid  poured  into  moulds  to  form  smaU  round  sticks.  The  most 
extensive  use  of  nitrate  of  silver  obtains  in  photography,  a  re-crystallised  neutral  and  pure 
salt  being  preferred-  Under  the  name  of  Sti  Clt'mentf  there  is  now  in  use  in  photography 
a  mixture  of  fused  nitrates  of  silver,  sodium,  and  magnesium,  recommended  as  preferable 
to  nitrate  of  silver  alone.     It  is  stated  that  the  consumption  of  this  salt  for  photographic 

gurposes  amounted,  in  1870,  to  1400  cwts.  for  Grermany,  France,  England,  and  the  United 
tates ;  the  money  value  of  this  quantity  being  estimated  at  £630,ocx). 
Marking  Ink.  A  large  quantity  of  nitrate  of  sUver  is  also  used  for  the  purpose  of  making 
indelible  ink  for  marking  Unen.  This  ink  often  consists  of  two  different  fluids,  one  a  solu- 
tion of  pyroguUio  acid  in  a  mixture  of  water  and  alcohol,  being  intended  to  moisten  the 
linen  previous  to  writing ;  the  other,  or  writing  fluid,  consisting  of  a  solution  of  ammo- 
niacal  nitrate  of  silver  thickened  with  gum.  More  recently  aniline  black  has  been  applied 
in  the  marking  of  linen. 

Gold. 
(Au=  197  ;  Sp.  gr.  19-5  to  19-6.) 

^^'TSoSSig'^oiid*  **'  ^^^^  ^3  found  only  in  the  native  metallic  state,  eometimes  in 
veins  interspersed  in  rocks,  and  accompanied  by  quartz,  iron  pyrites,  and  iron  ore. 
More  frequently  gold  is  found  finely  divided  in  sand,  mixed  with  larger  or  smaller 
iiuggets,  and  imbedded  in  quartz,  with  various  other  minerals,  such  as  mica,  syenite, 
chlorite  slate,  chrome-iron  ore,  and  spinel.  Native  gold  commonly  contains  some 
fidlver  and  other  metals,  among  which  are  palladium  and  platinum.  According  to 
recent  analyses,  the  composition  of  samples  of  gold  obtained  from  several  countries 
ia: — 

Hungary. 
Gold        .        .        .        6477 
Silver      .        .        .        35*23 
Iron  and  other  metals        — 

Gt)ld  is  found  native  with  tellurium  and  telluride  of  silver,  and  among  antimony, 
zinc,  arsenic,  and  other  ores.  It  is  also  found  in  galena  and  various  kinds  of  clay ; 
indeed,  gold  is,  next  to  iron,  the  most  widely  dispersed  metal.  The  chief  gold- 
yielding  countries  are : — Africa,  Ilungary,  the  Oural,  Australia,  and  America,  espe- 
cially Mexico,  Peru,  the  Brazils,  California,  Columbia,  and  Victoria. 

The  total  value  of  the  gold  produced  in  the  year  1869  is  computed  at  £60,000,000, 
one-fourth  of  this  representing  the  value  of  the  production  of  California.  The 
value  of  the  joint  production  of  the  Australian  Colonies  is  a  little  above  another 
ono-fourth. 

Mode  of  ExtracUng  Gold.  The  modo  of  extracting  gold  is  determined  by  the  circum- 
stances of  its  occurrence.  By  far  the  largest  portion  of  the  gold  in  circulation  is 
obtained  by  the  washing  process ;  that  is  to  say,  the  elimination  by  means  of  water 
of  the  lighter  minerals,  the  finely-divided  gold  being  left  behind.  This  process  may 
be  carried  on  in  remote  districts  in  a  very  primitive  manner,  by  simply  putting  the 
sand  into  wooden  bowls,  and  washing  it  gradually  away  with  water.    The  gold 
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BO  obtaiaod  is  not  pure»  but  contains  titanic  ii'on  and  other  mineraTST 

gold  wasliing  is  a  regularly  established  business,  as  in  some  parts  of  the  Onral, 

properly  constructed  contriTances  are  applied. 

Ejtiraotian^T^ro»fii  of  f  ]je  application  of  mercurj^  to  the  extraction  of  gold  is  based 
upon  tho  fact  that  mercury  amalgamates  with  gold  re^dOy  and  yery  effoctivoly.  The 
operation  is  carried  on  with  tho  gold-containing  sand  in  peculiarly  constructed 
mills.  Mr.  Orookes  has  shown  that  the  addition  of  sodium  to  the  mercury 
facilitates  the  extraction  of  the  gold.  The  excess  of  mercury  having  been  removed 
from  tho  amalgam  by  pressure  in  leathern  or  stout  linen  bags,  tho  remainder 
in  amalgamation  with  tho  gold  is  volatilised  by  ignition  in  Biiitably  constnicted 
furnaces, 

fiRMiUnf  Rir  G«id.  By  a  far  more  perfect  process  than  wa^hing^  gold  is  extracted  from 
tho  gold  sand  by  smelting  with  a  suitable  flux  in  a  blast  furnace.  Tho  object  in 
view  is  to  produce  a  rough  or  crude  iron  from  which  the  gold  is  separated  by  means 
of  sulphuric  acid.  This  process  yields  Irom  25  to  30  limes  more  gold  than  merely 
washing  the  sand, 

Tiratioi  ^ith  AUwu.  Mr,  Hardin  gs  proposed  to  obtain  tho  gold  by  treating  the  quartz 
or  sand  with  caustic  alkalies  undor  a  high  pressure  of  steam,  thereby  fonning  a 
B^>lublo  silicate  and  leaving  tho  gold. 

^SS^jKittS'o'rii!''^  ^^  &^1<1  happens  to  bo  interspei-sed  through  coi)pcr  or  l^^  oree, 
they  are  roasted  and  then  washed.  When  tho  quantity  of  gold  is  sufficiejit  such 
ores  are  treated  with  mercury,  while  sometimes  they  are  treated  for  coarse  metal ; 
ftnd  this,  containing  all  the  gold,  Is  smelted  with  Jithiirge,  which  absorbs  the  gold, 
and  is  next  separated  from  it  on  a  refining  hearth. 

^''p^JTmiLSSI'**"  Some  minerals  and  metallurgical  refuse  containing  only  a  wry 
timall  quantity  of  gold  have  been  treated  at  Eoichenstein,  in  Silesia,  by  means  of 
chlorine  water,  or  an  acidulated  solution  of  bleaching  powder.  Tho  gold  is  con- 
rerted  into  chloride  of  gold  (AuClj),  and  is  precipitated  from  tho  solution  by  sul- 
phate of  iron  or  sulphuretted  hydrogen.  This  methwl  has  been  severely  tested  by 
MM.  Plattner,  Th,  Eichter,  Goorgi,  and  Dr,  Dullos,  and  has  been  found  to  auswt?r 
exceedingly  well,  oven  with  very  poor  ores.  This  plan  is  of  course  gi^nerally 
applicable  to  gold  sand  and  gold  quartz.  According  to  M.  Allain,  pyritical  ores, 
having  been  roasted  and  treated  with  sulphuric  acid  to  eliminate  tho  iron,  zinc, 
and  copper,  can  be  then  treated  with  chlorine  water  so  as  to  extract  tho  gold  present, 
to  an  amount  only  of  i  part  of  gold  in  10,000  of  mineral. 

R^ttiiittf  0014,  In  oi-der  to  separate  any  foreign  metals  from  the  gold  obtained  by 
tlie  above  process,  the  following  methods  havo  boon  employed,  but  only  tho  last  (5.) 
is  now  in  general  use,  Tor  that  reason  tho  other  methods  will  only  be  briefiv 
do«cribod ; — 

I    Hcfining  by  means  of  sulphuret  of  antimony  (Sbj8|), 

2.  By  means  of  sulphur  and  Ethargo. 

3.  By  ocjmontation. 

4.  By  quartation, 

5.  By  means  of  sulphuric  acid. 

Iff  »»i™«fsnip»mtct     Tlii»  procejis  is  effected  by  first  ameltinjar  tho  alloy,  which  ought  1 

of  ABiiinouj.       cnntaiii  at  Ifywt  60  per  cent,  of  gold,  in  a  gruphite  cnyiible.      Puivm 
blark  Bidphiiret  of  aiUiiuony  in  addefl  in  the  proportion  of  2  parts  to  i  of  alloy,  imd 
ninllcu  uiJiA-i  is  thru  pmred  into  an  iron  thouM,  which  i^  nihU-d  vnih.  oil.     T\h  ntASS  om 
OO^Uug  will  bo  fuUTid  to  cunsiiTt  of  two  separate  laytn*— tho  upper,  tcchnicjilly  termrO 
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plagma,  consisting  of  the  sulphnrets  of  silver,  copper,  and  antimony ;  the  lower,  an  aDoy 
of  antimony  and  gold,  which  is  separated  in  a  muffle  or  a  wind  furnace.  The  remaining 
gold  is  fused  with  borax,  saltpetre,  and  some  powdered  glass. 

B7  the  aid  of  Sulphur.  This  process  does  not  aim  at  the  entire  separation  of  the*  gold  from 
the  other  metals,  but  rather  at  its  concentration  in  a  smaller  quantity  of  silver  than  wa-j 
origiiially  present  in  the  alloy,  so  as  to  render  it  suitefl  for  quartation.  The  alloy, 
previously  granulated,  is  mixed  with  j  pai*t  of  jMJwderod  sulphur,  put  into  a  red-hot 
graphite  crucible,  and  covered  with  chai-coal  powder.  The  crucible  is  kept  at  a  low  red 
heat  for  2  J  hours,  and  then  raised  to  the  point  of  fusion.  If  the  alloy  contained  gold  in 
any  considerable  quantity,  a  la^er  of  silver  separates,  which  will  be  rich  in  gold,  but  if  the 
original  alloy  was  rather  poor  in  gold,  litharge  is  added  to  the  molten  mass,  the  oxygen  of 
the  litharge  causing  the  combustion  of  the  sulphur  of  a  portion  of  the  sulphuret  of 
silver,  the  metallic  silver  combining  with  nearly  all  tlic  gold.  The  reduced  lead  is  taken 
up  by  the  sulphnrets  of  the  other  metals  present. 

cemoiitation  rroccBs.  The  alloy  Containing  gold  having  l:.^cn  either  granulated  or  rolled 
into  thin  sheets  suitably  cut  up,  is  placed  in  a  crucible,  in  tliis  instance  technically  termed 
a  cementation  box,  and  mixed  with  4  parts  of  pulverised  bricks,  and  i  part  each  of 
common  salt  and  dried  copperas.  The  crucible  is  then  pn^adually  raised  to  a  cherry-red 
heat.  Chlorine  is  evolved  in  this  operation  by  the  action  of  the  sidphate  of  iron  upon  the 
common  salt ;  there  is  consequently  formed  chloride  of  silver,  which  is  absorbed  by  the 
ptilverised  bricks,  while  the  gold  is  left  unattacked.  After  cooling,  the  mass  is  boiled  in 
water  in  order  to  obtain  the  gold.  Here  must  be  mentioned  Mr.  F.  B.  Miller's  process  of 
passing  chlorine  into  molten  gold  in  order  to  eliminate  the  base  metals  which  render 
it  brittle,  while  the  silver,  converted  into  chloride,  floats  to  the  surface. 

Quarution.  This  proccss  has  obtained  its  name  from  an  opinion  that,  to  ensure  success, 
there  should  bo  three  times  more  silver  in  the  alloy  than  gold,  i.e.,  the  gold  should  amount 
to  a  quarter  of  the  entire  alloy.  But  Dr.  M.  von  Pettenkofcr  has  proved  that  if  the 
amount  of  silver  be  double  that  of  the  gold,  the  separation  of  the.  two  metals  will 
be  complete,  provided  sufficiently  strong  nitric  acid  bo  employed,  and  the  boiling  con- 
tinued for  a  length  of  time.  Practically  this  method  is  as  follows : — There  is  added 
to  the  gold  a  sufficient  quantity  of  silver,  and  the  two  motaLs  are  smelted  together.  The 
alloy  is  next  gnimilated,  placed  in  a  platinum  vessel,  and  boiled  with  nitric  acid  of  i  '320 
sp.  gr.,  care  being  taken  that  the  acid  is  free  from  any  chlorine.  The  silver  being  dis- 
solved, the  gold  is  left  behind,  and  further  refined  by  fusion  vdtYi  borax  and  saltpetre  in  a 
crucible. 

^°f*SSiphiricVcw.'*"  This  method  of  refining,  which  has  been  briefly  alluded  to 
under  Copper,  is  preferable  to  any  of  the  foregoing  on  account  of  its  peifection, 
cheapness,  and  simplicity.  By  this  method  almost  any  alloy  containing  gold  in 
addition  to  copper  and  silver  can  be  treated,  but  the  quantity  of  gold  should  not 
exceed  20  i)er  cent.,  nor  that  of  the  copper  10  per  cent.,  while  the  best  proportions, 
according  to  Dr.  Pettcnkofer's  researches  are,  that  in  16  parts  of  the  alloy,  the  gold 
should  not  exceed  4  or  be  much  less  than  3  parts,  and  the  rest  copper  and  silver. 
Usually  the  alloy  intended  for  this  mode  of  operation  is  first  granulated,  or  if  it 
happens  to  be  in  the  shape  of  silver  coins — Mexican  dollars,  for  instance — they  are 
cut  to  pieces.  Formerly,  platinum  vessels  were  employed  in  the  boiling  of  the 
alloy  with  thoroughly  concentrated  sulphuric  acid  (ap.  gr.  1*848),  but  cast-iron 
vessels,  or  sometimes  hard  porcelain  vessels,  are  now  employed,  the  proportion 
being  2  molecules  of  acid  to  i  molecule  of  the  alloy.  The  heating  is  continued 
some  twelve  hours,  until  the  copper  and  silver  are  completely  dissolved.  The  sul- 
phurous acid  evolved  is  employed  in  the  manufacture  of  sulphuric  acid,  or  is 
absorbed  by  a  soda  or  lime  solution  to  form  sulphite  or  bisulphite  of  soda  or  bisul- 
phite of  lime.  The  solution  of  mixed  sulphates  of  silver  and  copper  is  poured  into 
leaden  pans,  and  becoming  solidified  on  cooling,  the  pasty  mass  is  dug  out  with 
iron  spades,  and  put  into  leaden  tanks  filled  "^ith  boiHng  water,  in  88  parts  of 
which  I  part  of  sulphate  of  silver  is  soluble.  The  silver  is  precipitated  from  this 
fiolution  by  strips  of  copper,  and  the  solution  of  sulphate  of  copper  obtained,  having 
been  deprived  of  its  excess  of  free  acid  by  the  addition  of  oxide  of  copper,  is  further 
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treated  for  blue  Titriol.    Tho  gold  which  bag  r^poaained  as  a  dark,  insoluble,  ppongy 

ma&s,  is  first  boilod  with  a  solution  of  carboEftte  of  soda,  next  with  nitric  ocid,  to 

free  it  frcrm  any  adhering  oxide  of  iron,  sulphuret  of  copper,  sulphwte  of  lend,  and 

other  impurities ;  and  after  having  boon  dried,  is  molted  with  the  addition  of  salt- 

potre,     By  this  process  it  has  become  possible  to  extract  the  i-ioth  to  i-iith  per 

cont,  of  gold  eonUined  in  old  silver  coins;  therefore  this  metliod  of  refijiiijg  bus  come 

largely  into  use,  as  within  the  last  thirty  years  nearly  all  European  States  have 

recoined  the  silver  money  in  circulation.     Still  Dr,  von  rottenkofer  has  ob^on^ed, 

that  nearly  all  the  gold  obtained  by  this  process  contains  silver  and  plutinum, 

in  tho  pi-oportion  of  97*0  gold,  2 '8  silver,  and  o'2  platinum.     These  metals  are 

eliminated  by  fusion  with  saltpetre  and  bi-sidphate  of  soda. 

At  Pftrifl,  Frankfort,  I^ondon,  and  Amstcrtlam,  tluB  method  of  refining  is  carried  on  to  a 
Inrg^e  extent  by  private  firms.  Accortliiig-  to  the  Paris  custom*  the  refiners  return  to  their 
clients  all  the  nlver  and  pold,  ret.iining'  only  the  oopper»  and  being  paid  at  the  rate  of 
from  5  to  5^  franca  per  kilo,  of  refined  mt'tjil;  but  if  the  alloy  contains  lese  than  i-ioth 
fit  gold,  the  rtfiners  retain  i -2000th  of  that  metal,  paying  a  premium  of  |  frano  per 
kilo,  of  refined  metal  to  their  client.  If  tiie  eUent  desires  all  the  gold  and  stiver  to  be 
returned  to  him,  tho  refiner  charges  2  francR  and  10  to  68  centimes  pc-r  kilo,,  according  to 
the  niarkt't  priro  of  HUv*>r,  and  retains  idl  the  copper.  Usually,  however,  a  charge  of 
5  frann-^  per  kilo.  i»  paid  to  the  refiner-  The  value  01  the  lilvcr  annually  refined  for  gold, 
at  and  near  Paris,  amounts  to  about  £5,500,000. 

ct*fini?»n)r  rare  ooi4.  In  order  to  obtain  perfectly  pure  gold,  that  of  commerce  ia  di48<^Ted 
in  mtro-hydrotililorio  acid,  the  solution  evaporated  to  dryness,  the  residue,  chloride  of  gold, 
diseoh^l  in  watei,  and  that  solutiou  precipitated  by  a  eolution  of  sulphate  of  iron  : — 

Chloride  of  gold,  2(AuCl3)  j         .^^       j  p^if^u^tate  of  iron,  zFe^SO,. 

Sulphate  of  iron,  6FeS0,    j       ^  I  ChJoriSc  of  iron.  FeX16; 

Aocording  to  Mr.  Jackson,  gold  may  be  readily  obtained  in  a  j-ellow  spongy  masfi,  by 
adding  carbonato  of  potassa  and  an  ex  cess  of  oxalic  acid,  to  a  concentrated  solution 
of  chloride  of  gold,  and  rapidly  heating  this  solution  to  tlic  boiling-point  i — 

Qdoride  of  gold,  2  f  AuClJ  )  j^,^       j  h;;!;^^;;^^.  aeid,  6C1II. 

Oxahc  acid,  3C,H/J,  (  \  c^b<mie  acid,  6C0 

Ajooording  to  Hr.  Hcynolds,  peroxide  of  hydrogen  precipitatcji  gold  from  its  acid  Bolutica 
in  beautifuiiy  lustrous  mctaUie  gpangleti : — 

Chloride  of  ^^U  2(AnCL)       j  .^^       j  Hvd^r^hloric  acid,  6CIH. 

Peroxide  of  hyihogi^n,  3H,0,  j        ^  (  Oiygen.  60. 

Sometimes  gold  is  precipitatwl  by  cMoridc  of  nntunony  or  chloride  of  arsenic.  The 
roetallio  gold  obtained  or  precipitated  by  any  of  tlio  ubove  proccsacs  is  next  fused  with 
borax  in  a  graphito  crucible. 

proprrtiOTof  ootdn  The  peculiar  colour  of  gold  ia  too  well  known  to  require  description. 
The  richness  of  that  colour  ia  very  much  impaired  by  even  small  quantities  of  other 
metals*  Many  of  the  Australian  sovereigns,  for  instance,  aro  of  a  pale  greeniish 
yoUow,  due  to  the  presence  of  a  small  quantity  of  silver,  A  small  quantity  of  copper 
giTea  a  red  colour  to  tho  gold.  Gold  assume®  a  very  high  pohsh  ;  is,  when  im- 
olloyed,  but  slightly  harder  than  lead,  and  yet  is  tho  modt  malloablo  and  ductile  cf 
all  metals.  Its  absolute  strength  19  equal  to  that  of  silver.  The  specific  gravity  of 
gold  varies  from  19*25  to  19*55,  ^"^^  ^^'^^'^  I9'^»  according  to  the  mode  of  mechanical 
treatment.  Ita  co-elficieut  of  expansion  by  heat  =  6Sz  per  100"  C»,  and  its  melting- 
point,  according  to  Dr,  DeviUe,  is  1037^.  Dr.  Van  Riemsdijk,  however,  fixt^  the 
melting-point  at  1240^,  the  metal  being  molten  in  quantities  of  several  kilos,  in  nn 
atmoaphero  of  pure  dry  hydrogen.  Molten  gold  exhibits  a  sea-green  colour.  Tho 
great  yalue  of  gold  is  in  a  considerablt*  measure  duo  to  its  not  b<.ung  acted  upon  by 
air,  water,  ordinary  acids,  and  alkalies;  but,  on  the  other  hand,  even  very  small 
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qtiantities  of  lead,  antimony,  and  bismuth  impair  its  malleability  to  sucli  an  extent 
as  to  render  it  unfit  for  use  either  as  coin  or  for  ornamental  purposes.  The  fol- 
lowing metals  have  the  same  effect,  but  to  a  less  extent :  arsenic,  zinc,  nickel,  tin, 
platinum,  copper,  and  silver ;  the  two  latter  being  the  only  metals  suitable  to  alloy 
with  gold  to  make  it  sufficiently  hard  to  resist  wear  and  tear.  Gold,  of  all  the 
metals,  is  most  readily  affected  by  mercury,  even  to  such  an  extent  that  the  mer- 
cury present  in  the  imperceptible  perspiration  of  such  individuals  as  have  been 
treated  medicinally  with  calomel  for  some  length  of  time,  is  sufficient  to  act  very 
perceptibly  upon  their  jewellery,  while  gold  coins  kept  for  some  days  in  their 
pockets  become  blanched.    Gold-leaf  imparts  to  transmitted  light  a  blue-green  hue. 

AU'yja  of  Gold.  Puro  gold  is  uscd  only  for  certain  chemical  processes,  and  beaten 
into  leaf  for  gilding ;  the  Staffordshire  potteries  consuming  for  this  purpose  alone 
£60,000  worth  annually.  All  other  gold,  be  it  used  for  jewellery  or  for  coinage,  is 
always  alloyed  with  copper  or  silver  to  produce  the  degree  of  hardness  requisite  for 
hammering,  stamping,  &c.  Generally  such  alloys  are  considered  as  consisting  of  so 
many  carats  to'the  unit,  the  pound  or  half-pound  being  divided  into  24  carats,  each 
of  which  contains  12  grains.  What  is  termed  18  carat  gold  is  a  unit  of  24  carats  of 
alloy,  containing  18  carats  gold  and  6  of  silver  or  copper.  If  the  latter,  the  alloy  is 
termed  red;  while  if  silver  is  used,  it  is  termed  white ;  and  if  both  metals  are  alloyed 
with  the  gold,  the  caratation  is  termed  mixed.  In  most  countries  there  are  legally 
fixed  certain  standards  for  gold  jewellery.  In  this  country,  16, 18,  and  22  carat  gold 
is  stamped,  or,  as  it  is  termed,  Hall  marked ;  in  France,  18,  20,  and  22  carat;  in 
Germany,  8, 14,  and  18  carat,  and  also  under  the  term  of  t7b?/;'oi*gold,  a  6  carat  gold, 
used  for  jewellery,  to  be  electro-gilt.  Among  the  coined  gold  of  European  States 
the  term  carat  is  almost  everywhere  replaced  by  the  expression  of  so  many  parts  fine 
per  mille.  Exceptionally  fine  gold  coins  are  the  Austrian  ducats,  23  carats  9  grains, 
•*'"  of  gold ;  the  Dutch,  or  more  correctly  Holland,  ducats,  ^  or  23  carats  6  to 
6*9  grains  gold.  Neither  of  these  coins  are  at  present  a  legal  tender  in  Austria 
or  Holland,  but  they  are  continually  made  at  the  Utrecht  Mint,  having  been  for  many  ' 
years  the  circulating  medium  in  the  North  Baltic  and  White  Sea  ports,  as  well  as  in 
the  Black  Sea,  Levant,  and  Egypt.  Originally  they  were  coins  of  the  Holy  Boman 
Empire  (Germany).  The  English  sovereigns  and  half-sovereigns  are  coined  from 
{I  or  22  carat  gold;  or  in  thousands  =  ^''j ;  the  Prussian  Friedrich  d'0r=i^''3; 
Wilhelm  d'Or=:2i3  carat;  the  20-franc  pieces  of  France,  Belgium,  Switzerland, 
and  Italy  =  21  carat  7I  grain,  or  ^^^  According  to  the  Vienna  Treaty  of  1857,  the 
current  gold  coins  of  Germany  are  made  in  1000  parts  of  900  of  gold  and  100  of 
copper,  the  relative  value  of  silver  to  gold  being  taken  as  i  :  15*3,  or  i  :  15*5. 

coioorof  Gold.  As  all  gold  alloys,  commercially  or  industrially  used,  exhibit  colours 
different  from  that  of  pure  gold,  it  is  customary  to  produce  superficially  on  such 
alloys  the  deep  yeUow  of  fine  metal  by  boiling  in  a  solution  of  common  salt,  salt- 
petre, and  hydrochloric  acid ;  the  effect  is  the  evolution  of  some  chlorine,  which 
dissolving  a  small  quantity  of  the  gold,  again  deposits  it  as  a  film  of  very  pure  gold. 
Electro-gilding  is,  however,  frequently  substituted  for  this  colouring  process. 

^'•^l^oJiS"*"'"  Jewellers  and  goldsmiths  generally  use  touch-needles  made  from 
varying  gold  alloys.  The  resistance  of  the  streak  made  upon  the  touchstone  to  the 
action  of  the  dilute  nitro-muriatic  acid  is  the  test  of  the  fineness  of  the  gold ;  but 
it  is  clear  that  this  method  is  only  approximative,  and  it  cannot  be  relied  on,  as 
jewellery  is  often  superficially  coated  with  a  film  of  pure  gold.    The  most  reliable 
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test  is  afforded  by  cupellation,  for  wliich  purpose  tlio  gold  alloy  to  be  tested  ia, 
ftccording  to  its  colour,  fused  with  twico  or  tlireo  times,  or  an  equal  Treight  of  eiivor, 
and  about  ten  times  its  weight  of  lead»  This  compound  alloy  ia  submitted  to  cupel- 
lation in  a  muffle.  TUo  button  which  remains  on  the  cupel  is  first  flattened  on  an 
4Uiyil,  neirt  annealed^  and  rolled  into  a  thin  atrip,  and  then  boiled  with  strong  nitric 
acid  to  dissolve  the  silver,  the  remaining  gold  being  wn^hed  with  boiling  wat^^r^ 
dried,  re-ignited  in  the  muffle,  and  finally,  when  cold,  weighed. 

AppUcstioM  of  Go  d.  It  is  not  necessary  to  speak  of  tho  well-known  uses  of  g<jld,  tho 
most  extonsivo  being  its  application  to  coinage,  and  next  that  to  gilding  and 
jewellery*  Gold  in  sheets  |  inch  thick  has  been  usg<1  to  cover  the  large  dome  of 
Isaac's  Church,  at  St.  Petersburg,  while  three,  at  least,  of  the  countless  crosses  on 
the  domes  of  tho  Moscow  churches  are  made  of  solid  gold  ;  a  portion  of  one  of  thn 
domes  of  a  church  in  the  Kremlin  is  likewise  plated  with  gold. 

ondinr  This  is  done  either  with  gold-leaf,  or  by  means  of  tho  cold  process,  tho 
wet  process,  fiie-gilding,  or  electro-gilding. 

GiidiairwiihOow-ieiif,  Gold-lcof,  applied  in  gilding  on  wood  and  stone,  ia  prepfti*ed 
in  tho  following  manner : — Fine  gold  is  molten  and  cast  into  ingots,  which  are 
hammered  and  rolled  into  thin  sheets  about  an  inch  in  width,  technically  termed 
ribbon.  The  ribbon  is  cut  into  small  pieces  an  inch  in  lengtli,  which  are  placed 
between  pieces  of  parchment,  and  beaten  out  to  a  moderate  thinness.  Goldbeater^J 
hkin—  the  exterior  membrane  of  the  iiiieiiiua  criusa  of  oxen — is  then  substitut^Ml  f*j 
tlie  parchment,  and  the  hammering  continued  until  the  metal  ia  of  extreme  tenuity. 
The  refuse  gold  of  this  ojHiration  is  used  for  the  preparation  of  bronze-gold  for 
painters.  The  articles  to  be  gilded  with  gold-leaf  are  fii'sfc  painted  over  with  a 
suitable  varnish  or  size,  and  the  gold-leaves  pressed  on  gently  with  a  pifx^o  oH  soU 
eotton-wool.  Iron  and  steel,  as,  for  instance,  swords,  gun-barrels,  &c.,  are  firK 
bitten,  as  it  is  termed,  with  nitric  acid,  next  heated  to  about  300°,  and  then  cove 
with  gold-leaf. 

ouain?  br  th*  Cold      For  this  pTupow  fine  gold  is  diwolvod  in  aqua  regia ;  clean  Itncn  mgft  ii 
^^*^**^         soaked  in  tnis  solation,  imd  then  burnt  to  tinder,  oon^ititing  of  oarbom  it 
very  finely  divided  gold.    This  tinder  is  rubbed  on  the  article  to  be  gilded  with  a  cork 
moistened  in  brine ;  the  metAlUc  surface  to  be  gilded  ahotdd  be  well  poUuied* 

oiidinB  by  th»  This  proce**  is  carried  out  by  placing  the  article  to  be  gilded  in  either  a 
Wii  Waj.  iJilute  solution  of  chloride  of  gold  in  ether,  wliieh  rapidly  evaijoratea,  or  in 
a  boiling  dilute  aqueoua  solution  of  the  same  salt^  and  adding  to  it  carbonate  of  soda  or 
potaasa  solutiou.  Iron  or  steel  should  be  first  superficially  coated  with  a  film  of  copp 
by  immersion  In  a  dilute  sulphate  of  copper  solution  ;  or  tacfle  metali),  after  being  bit 
with  nitrio  acid,  are  painted  over  with  a  aolution  of  chloride  of  gold  in  ether.  A  aolutian 
of  chloride  of  gold  in  solution  of  pyrophosphate  of  soda  lias  lately  been  suggested  as  a 
6uitablo  bath. 

rirt'-KUdinf.  Article«  ot  bronze,  brass,  copper,  silver,  especially  button.'s  and  oniainent*  of 
military  uniforms,  are  ^t  with  an  amalgam  of  gold  and  mercurj%  2  partd  of  the  furmer 
and  I  of  the  latter  being  appHed  by  means  of  a  solution  of  nitmte  of  mercurj*.  Tht* 
articles  being  next  heated  in  a  muffle,  the  volatile  metal  esoare*,  lonring  an  adliering  film 
of  guMf  which  mmj  either  remain  dull  or  be  poliahed,  tho  ooloor  being  preserved  in  ' 
SimsuBst  onto  by  a  momeiDtary  Immcrfiiou  iu  a  fuaod  mizture  of  nitre,  adum«  and  oomn 
salt,  and  immediately  after  in  e^jld  water.  If  it  be  desired  to  leave  only  some  portio 
of  ihe  gilding  dull,  the  portions  to  be  afterwards  poUshed  are  covered  with  a  mlxt 
di  chalJc,  sugar,  ^um,  and  sufficient  water  to  form  a  paste.  Tho  rutionak  of  the 
of  tho  fusing  mixture  is  tlmt  chlorine  ga«  m  evolved,  which,  i\s  tho  term  runs,  bites 
gfjld.  If  it  is  desired  to  impart  a  red-gfild  colour,  a  pa*te  of  wax,  bolus,  bu«ic  acetuH 
of  copper,  and  alum  is  spread  on  tli©  gilding,  and  the  article  held  over  a  clear  fire,  th 
result  being  tho  reduction  of  tho  copfjcr,  wluch  .eombinea  with  the  gold.  As  the 
of  the  so-cnlJed  quicbtilver-water  (nitrate  of  mercury)  is  very  injurious  to  the  op< 
tives,  M.  Mawehftte,  of  Paris,  eoata  the  articles  witn  mercury,  afterwards  with  irold, 
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and  again  with  mercury,  by  means  of  galvanism.  Finally,  the  mercury  is  volatilised  by 
ignition  in  a  muffle,  so  arranged  that  the  vapours  escape  only  in  the  flue.  According  to 
M.  H.  Struve,  so-called  fire-gilt  articles  are  not  really  covered  with  a  simple  film  of  gold, 
but  with  an  amalgam  of  gold  and  13*3  to  i6'9  per  cent,  of  mercury.  Electro-gilding  will 
be  treated  in  a  separate  section. 

CaMitus  Purple.  The  preparation  which  bears  this  name  was  discovered  by  Dr.  Casaius,  at 
Leyden,  in  the  year  1683.  It  is  prepared  by  adding  to  a  solution  of  chloride  of  gold  a 
certain  quantity  of  sesquichloride  of  tin.  Dr.  Bolley  prescribes  the  following  process : — 
First,  107  parts  of  the  double  chloride  of  tin  and  ammonium  are  digested  with  pure 
metallic  tin  until  the  metal  is  quite  dissolved,  18  parts  of  water  are  then  added,  and  tlio 
liquid  mixed  with  the  gold  solution  previously  diluted  with  36  parts  of  water.  The  result 
is  the  throwing  down  of  a  purple  or  black-coloured  precipitate,  about  the  chemical 
constitution  of  which  nothing  is  certainly  known.  Well-prepared  Casaius' s  purple  should 
contain  39*68  per  cent,  of  gold. 

Baiuof  Gold.  The  double  salts  of  chloride  of  gold  and  sodium  fAuCl3,NaC14-2HO),  and 
the  corresponding  potassium  salt  (2AuCl3,KCl  4-  5HO),  are  employed  in  photography  and 
medicine. 

MA^'OA^'ESE  and  its  Prepabations. 
scaiv*«>«c.  Of  all  tho  ores  of  manganese  met  with  in  various  degrees  of  oxidation, 
only  the  peroxide,  mineralogically  known  as  pyrolusite,  polianite,  and  technically  as 
glass-makers*  soap,  is  industrially  of  much  importance.  When  perfectly  pure  this 
mineral  consists  of  63*64  per  cent,  of  manganese,  and  36*36  per  cent,  of  oxygen,  its 
formnla  being  MnOa  ;  but  the  ore,  as  met  with  in  commerce,  frequently  contains 
baryta,  silica,  water,  and  sometimes  oxides  of  iron,  nickel,  cobalt,  and  lower  oxides 
of  manganese,  viz.,  Braunito,  MnaOj;  Manganite,  Mn^OgjUjO;  Hausmannito, 
Mn304;  and  various  other  minerals,  as  potassa  compounds,  lime,  &c.  In  Ger- 
many, the  ore  is  purified  by  most  ingeniously  contrived  machinery,  which  might  bo 
very  advantageously  applied  to  a  great  many  other  metallic  ores  and  phosphatic 
minerals.  Manganese  is  industrially  employed  in  making  oxygon,  tho  preparation  of 
bromine  and  iodine,  glass-making,  colouring  enamels,  for  producing  mottled  soaps,  in 
pnddling  iron,  and  in  dyeing  and  calico-printing,  for  preparing  permanganate  of 
potassa ;  but  the  largest  consumers  are  the  manufacturers  of  chlorine.  The  bulk  of 
the  manganese  of  commerce  is  derived  from  Germany,  which  supplies  about  700,000 
cwts.  to  Europe  annually.  It  is  found  also  very  largely  and  of  excellent  quality  in 
Spain,  as  well  as  in  Italy,  Greece,  Turkey,  Sweden,  and  British  India. 

'^^fsSuS^SSe!''  ^^^  value  of  manganese  for  technical  purposes  depends — i.  On 
the  quantity  of  oxygen  it  is  capable  of  yielding,  or  the  quantity  of  chlorine  it  will 
evolve,  not  taking  into  account  the  0  of  the  MiiO.  2.  On  the  nature  and  quantity 
of  the  substances  soluble  in  acids,  such  as  tho  carbonates  of  lime  and  barj'ta,  prot- 
oxide of  iron,  which,  not  yielding  chlorine,  saturate  a  certain  quantitj^  of  hydro- 
chloric acid.  But  even  if  these  impurities  are  absent,  it  may  happen  that,  of  two 
samples  of  manganese,  one  requires  more  acid  than  the  other  to  evolve  tho  same 
bulk  of  chlorine  gas,  as,  for  instance,  when  one  of  the  samples  contains  in  addition 
to  peroxide  of  manganese  (MnO^)  also  the  sesquioxide  (Mn^Oj),  especially  if  the 
latter  is  present  as  hydrate.  3.  On  the  quantity  of  water,  which  may  amount  even 
to  15  x)€rcent. 

According  to  the  experiments  of  Dr.  Frcsenius,  tho  most  suitable  temperature  for  drying 
a  weighed  sample  of  manganese,  in  order  to  estimate  the  water  it  Cijntains,  is  120%  no 
water  of  hydratation  being  expelled  at  that  heat ;  but  for  commercial  analysis  the  drying  of 
a  sample  at  100**  is  quite  sufficient,  provided  it  bo  kept  at  that  heat  for  some  hours  con- 
secutively. Among  the  many  methods  proposed  for  testing  manganese,  that  originally 
invented  by  Drs.  Thompson  and  Berthier,  and  improved  upon  by  Drs.  Will  and  iVesenius, 
i?  based  on  the  fact  that  a  molecule  of  peroxide  of  manganese  treated  with  sulpliurio 
acid  is  capable  of  converting,  by  the  O  given  off,  i  molecule  of  oxalic  acid  into  2  molecules 
of  CO.. 
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I  mol,  Peroxide  of  mang^nnese,  MnO, 
t  rool.  Sulphuric  u<?id,  iMsO^ 
I  mol.  Oxalic  add,  C^U^ 


/  t   moL  of  Sulphate  of  protoxide  of 
(-i^„  I         f;«ac30,  MnSo4. 
**       J  2  mols.  of  Carbonic  aoid,  2C0^, 

\  2  mols,  of  Water,  2H,0. 


From  tho weight  of  CO^  evolved  is  determined  the  quantity  of  peroxide  of  mangAjiese  con- 

taintKl  in  the  eamplo.    The  operation  m  performed  in  the  apparatua  ahowti  in  Fig-^  56.    The 

Biusks  A.  and  b  are  fitted  with  perfectly  tight-fitting  corks,  pi  rforated  for  admitting  the  glass* 

tubes,  &B  Been  in  the  woodcut.     In  the  Hjisk  a  ia  placed  tho  mixture  of  pre\iously  dried 

mtrnganefiO  and  oxalic  acid^  with  enough  water  to  fill  about  ono-taird  of 

Fio.  56.  the  flaak.    The  fitifik  b  ia  about  half -filled  with  fltrong  sulphuric  acid ; 

the  end  of  the  tube  e  i«  plugged  with  a  piece  of  wax  and  the  apparatae 

weighed,    Kext  eome  air  ia  sucked  out  of  B^  by  means  of  tho  tube  d, 

so  8»  to  cauae  a  ^nall  quantity  of  acid  to  run  OTcr  into  a  ;  tboreumn  the 

evolution  of  COl  seta  in^  and  the  escaping  gae  parsing  through  tne  aold 

in  B  ia  dried.    Ijie  suction  ha\'ing  been  repeated,  the  wax  plug  at  r,  aa 

Boon  a«  the  evolution  of  CO^  ceflses,  is  for  a  moment  removed,  and  tho 

auction  again  repeated  to  remove  all  the  CO^  from  the  apparatus.     The 

a^  of  wax  is  now  replaued  and  the  apparatua  aguin  weighed;  the 
of  weight  given  by  calculatlua  tho  quantity  of  peroxide  of  man- 
■raiiGBe  contiiined  in  the  nampl»?,  if  one  holds  in  view  that  2  moleculca 
^        ^.^^        C0^(C0,:^8S)  stand  to  i  molecule  MnO^  as  the  quantity  of  carbonic 
^^  ^  acid  fouzud  to  x.     If  2*9$  grms.  of  dried  manganese  are  taken,  and  the 

quantity  of  CO^  divided  by  3,  tho  oontigranimes  of  CO,  lost  express  the 
proportion  per  cent,  of  pure  peroxide  of  manganeso  contained  in  the  iMimplc  ;  to  I  part  of 
manganese  1 4  parts  of  Doutral  oxalate  of  potaesa  should  be  taken  for  the  experiment.  If 
the  sample  of  manganese  happens  to  contain  r^arbon&tc:^,  it  has,  previously  to  bring  tested* 
to  be  treated  with  very  clilutc  nitric  acid,  and  of  cuiirse  well  washed  with  dii?tilled  water 
and  afterwards  dried.  For  other  methods  of  testing  manganese,  the  reader  iis  refexred  to 
Mr.  Crookes's  work  on  "Select  Methods  in  Chemical'Analysia/' 

Permanganate  of  Potassa. 

F«r«MD|[iLn*t«ofpotuM.  This  ealt  (KitnO^),  used  for  disinfecting,  bloncbing,  and 
other  oxidiaixig  purposos,  and  constantly  employed  in  chemical  laboratories,  owes  its 
efficiency  to  the  fact  that,  in  contact  with  dilute  sulijhuric  acid,  it  yields  protoxide  of 
manganese  and  oxygen  (Mn^O?  =:  sMuO  +  5O) ,  The  permanganate  of  potasea  is  for 
tecbnical  purposes  prepared  in  the  following  manner :— 500  kilos,  of  caustic  potusaa 
solution  at  45°  B.  (=  1*44  fip.  gr.)  are  added  to  105  kilos,  of  chlorate  of  potassa  and 
the  mixture  OTaporated  to  drjTiess,  thoro  being  gradually  added  iSo  kilos,  of  pow- 
dered manganese,  and  the  heating  continued  to  the  fusion  of  tlio  mass,  wkich  is 
stirred  untd  cold.  The  powder  thus  obtained  is  heated  in  small  jjxju  crucibles  to  a 
red  heat,  and  when  semi-fluid  is  cooled ;  the  mn.B3  is  next  broken  up  and  put  into  a 
largo  cauldron  filled  with  hot  water,  and  left  staQding  for  about  an  hour.  Tho  clear 
liquid  haying  been  decanted  from  the  sediment,  hydrated  peroxide  of  manganese,  is 
evuporated  to  crystallisation  ;  rSo  kilos,  of  manganese  yield  98  to  icx>  kilos,  of  erys- 
tallisod  pei-manganate.  Approximately  the  process  may  be  elucidated  as  follows : — 
a.  By  the  f^ion  of  the  potassium  manganato  and  chloride  of  potassium  : — 

6MnO,+  2KCl03-f  i2E:OH  =  (3KaMn04)  +  KCl  +  6n^O ; 
/5.  During  the  solution  of  tho  fused  mass  in  water,  the  manganate  of  potassium  ia 
convei'ted  into  hydrate  of  potaa-^ia,  hvdruto  of  peroxide  uf  mangimose,  and  ijerman* 
ganato  of  potassa :— 5KiMn04+ 61lio  =l4K0n  +  2KMUO4+ MuO^  -f  4  H^O.  Con  - 
Bequently  one- third  of  the  manganio  acid  is  lost  by  the  fomiation  of  peroxide  of 
manganese.  This  also  occurs  when,  according  to  M.  Tossie  du  Motay^s  jjlan,  the 
converBton  of  manganate  of  potassa  into  permanganic  acid  is  efroctetl  by  sulphate  of 
magnesia :— 3KaMn04  +  sMgSO^  =  2KMn04  +  HnOa  +  2KaS04  +  zM^.  Dr. 
Staedeler  therefore  suggests  that  tho  manganate  of  potassa  shoidd  be  converted  inl<i 
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permanganate  by  chlorine,  according  to  the  formula  :—K3Mn04+ CI  ^KCl+KMn04. 
For  disinfecting  purposes  a  mixed  permanganate  of  potassa  and  soda,  or  oven  the 
latter  alone,  is  usual;  the  well-known  Condy's  fluid  is  a  solution  of  this  salt  in 
water  containing  per-sulphate,  not  proto-sulphate  of  iron.  Permanganate  of  potassa 
is  used  to  some  extent  in  dyeing,  and  for  staining  wood. 

Alxdiixium. 
(Al  =  27-4;  Sp.gr.  =  2*5). 
preparmocnof  Aiumi-iuja.  Alumiuium,  discovercd  at  Gottingon,  in  1827,  by  Dr.  Wohler, 
belongs  in  the  shape  of  its  oxide  to  the  most  widely  dispersed  as  well  as  the  most 
commionly  occurring  materials  on  our  globe.  The  properties  of  this  metal  were  more 
particularly  studied  in  1853  by  Dr.  DeviUe,  who  found  that  aluminium  is  far  less 
readily  acted  upon  in  the  molten  state  by  oxygen,  in  the  cold  by  dilute  acids  and 
by  boiling  water,  than  was  at  first  thought  to  be  the  case,  and  this  eminent  author*s 
researches  gave  rise  to  the  production  os  this  metal  for  industrial  purposes,  two 
manufactories  existing  in  Franco,  viz.,  at  Sal}Tidros  and  Amfrevillo,  and  one  in 
England,  at  Washington,  coimty  Durham. 

AlnTnininm  is  obtained  from  the  double  chloride  of  aluminium  and  sodium  by  the  aid 
of  the  latter  alkali-metal,  which  is  prepared  for  this  and  other  purposes  by  the  ignition  of 
a  mixture  of  100  parts  of  calcined  soda,  15  parts  of  chalk,  and  45  parts  of  small  coal. 
Chloride  of  aluminium  is  beat  prepared  from  bauxite,  native  hydrate  of  alumina,  which, 
having  been  previously  mixed  with  common  salt  and  coal-tar,  is  next  heated  in  an  iron 
retort  with  chlorine  gas,  the  result  being  the  formation  of  carbonic  oxide  and  the  double 
chloride  of  aluminium  and  sodium,  which  volatilises,  and  is  condensed  in  a  reservoir  lined 
with  glazed  tiles.  The  salt  so  obtained  contains  iron,  and  consequently  the  aluminiiun 
derived  from  it  is  alloyed  with  that  metal.  The  double  chloride  of  aluminium  and  sodium 
is  converted  into  metallic  aluminium  by  being  heated  in  a  reverberatory  furnace  with 
sodium ;  while  the  aluminium  is  set  free,  a  slag  is  formed  consisting-  of  the  double  salt  with 
excess  of  chloride  of  sodium.  Professor  H.  Rose,  at  Berlin,  first  used  cryolite  for  his 
experiments  on  aluminium,  the  mineral  bearing  that  name  being  a  compound  of  the  double 
fluorides  of  aluminium  and  sodium  (AI3FI3  -\-  6XaFl).  This  mineral  being  treated  at  a  high 
temperature  with  sodium  yields  aluminium  and  fluoride  of  sodium,  and  the  latter  treated 
with  quick-limo  yields  caustic  soda  and  fluoride  of  calcium. 

properticiofAiamiiiiam.  The  colour  of  this  metal  is  intermediate  to  those  of  zinc  and 
tin;  its  hardness  exceeds  that  of  tin,  but  is  less  than  that  of  zinc  and  copper,  and 
about  the  same  as  that  of  fine  silver ;  it  is  a  very  sonorous  metal,  rather  brittle, 
malleable  to  some  extent,  readily  rolled  into  thin  sheets,  and  may  be  beaten  into 
leaf;  on  the  other  hand,  it  is  not  ductile.  Aluminium  does  not  rust  by  exposure  to 
air,  and  it  may  be  even  heated  to  redness  without  sufibring  much  oxidation.  When 
fused,  however — it  molts  at  700*^ — it  oxidises  so  much  as  to  necessitate  the  use  of  a 
flux — best  chloride  of  potassium — to  absorb  the  alumina  which  is  formed.  It  is  very 
readily  and  rapidly  dissolved  by  hydrochloric  acid  and  solutions  of  caustic  potassa 
and  soda,  hydrogen  being  copiously  evolved ;  but  the  metal  is  not  in  the  least  acted 
upon  by  nitric  acid.  It  does  not  amalgamate  with  mercury.  With  tin  it  yields  an 
alloy  of  considerable  hardness,  yet  to  some  extent  malleable ;  with  copper  in  the 
proportion  of  go  to  95  per  cent,  of  copper  and  10  to  5  per  cent,  of  aluminium,  it 
forms  aluminium-bronze.  This  alloy,  in  colour  similar  to  gold,  is  used  for  artificial 
jewellery  and  small  ornaments.  Aluminium  does  not  alloy  -with  lead.  The  aluminium 
of  commerce  is  never  quite  jmre,  always  containing  silicium,  found  by  Dr.  Ram- 
melsberg  even  to  10*46  per  cent.,  and  frequently  present  to  07  to  37  per  cent. ; 
while  the  quantity  of  ii-on  varies  from  i '6  to  7*5  per  cent. 
9 
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AppAfiMionfe.  AlunmiifiTO  is  now  not  bo  much  in  use :  when  fij^t  mtroduc^  idumiuiiun 
jdWtKlkiy  ^WM  the  order  of  the  thiy.  Tho  met*il  is  at  prciscnt  nioi>:r  usofuUj  employed  fur 
Mjtiall  weights,  light  tub^  for  opticiU  irii*tTiimfiitJS,  and  to  *jme  extent  for  surjarical  in&tni- 
mejits.  Ihe  price,  however^  of  this  metal,  £5  I28.  piT  kilo.,  is  too  high  to  udniit  of  it9 
extended  uae]  while  grout  lighttif^^s  cumbiutd  with  companitive  strength  aro  its  qu 
prominent  qualitit'd. 

(Mg=24;  Sp.gr.  1743). 

Mt^nefttatQ.     Ab  an  oxido,  and  in  combinutiou  \vith  chlorine  and  bromine,  as  woU  aa 

with  other  motalloids,  maguoBium  is  found  in  Teiy  large  quantitios,  for  Instance,  in 

eea- water  and  oamaflite,  as  sulphate  of  magnesium,  as  kieeerite,  &choenit4%  kainite, 

ia  zoeka  as  a  pure  carbonate ,  and  as  magnoaian  limestone ;  further  as  a  silicate  in 

meersdiftum.    Metallic  magnesium  has  but  limited  commercial  applications.    It  is 

mlTery  white  in  colour*  somewhat  affoctod  by  the  oxygen  of  the  air,  but  not  more 

so  than  zinc ;  fuses  at  about  tho  samo  toraporaturo  aa  that  metal,  and  when  heated 

aUttlo  above  this  point,  burns  with  an  intensely  brilliant  white  light,  and  in  oxygen 

gas  the  combustion  is  altended  with  a  lignt  almost  equal  to  bright  sunlight.    Mag. 

nesium  may  be  reatlily  drawn  into  wire ;  it  is  at  the  ordinary  temperature  of  the 

air  as  malleable  as  zinc,  and  boils  and  distils  over  at  about  the  same  temperature  as 

that  metal.     Jklagnesium  is  at  present  only  ai>i»lied  to  yield  an  intense  light  iu 

photography,  and  for  signals ;  for  this  latter  purpose  it  was  extensively  used  in  tlie 

Abyssinian  campaign  (1868).    It  has  been  suggested  to  aUoy  magnesium  instead  of 

zinc  with  copper. 

Magnesium^  is  prepared  by  a  prooefis  very  similar  to  tlmt  of  aluminiiim'manufaoture  i — 
Sodium  is  ignited  with  either  chloride  of  magneMitim— Bunaen,  DeviUe,  and  Cairc 
methods — or  the  double  fluoride  of  magnesium  and  »odium— Tisaier's  plan — or  the  doah 
ddoritlo  of  magnesium  and  oodiurn— Sonatudt's  method.  Dr.  H.  Schwarz  employs  t]  _ 
double  chloride  of  calcium  aiwl  mrigneaium,  nnd  M.  Reichartlt  camalLite^  double  ahlorid« 
of  magneaiiim  and  potassium.  Several  other  sugj^eations  hare  been  made  aa  to  the  mode 
of  preparing  this  met.il,  but  it  does  not  appear  that  they  are  available  in  pmctioe.  Mag- 
nesium ia  maniifiictunjd  on  tho  large  scale  by  the  Mngnesium  Met:il  Company  at  Hau^ 
Chester,  and  'the  Americjiu  Magnesium  CTompany  at  B»>-*toii,  the  f^ngUjHh  linn  producing 
about  20  cwts.  annually, 

Electko-Metaixueqy  . 

AppUcfttKm  or  041TUAU  • .  It  is  one  of  tho  most  prominent  propertiGs  of  the  conttnuoua^ 
eleetric  current,  that  it  is  capable  of  decomposing  compound  8ubt<> lances  in  such  a 
manner  as  to  cause  tho  constituents  to  be  deposited  on  or  near  the  place  where  the 
current  leaves  the  body  to  be  decomposed ;  this  property  is  termed  chcirot yaiB,  tho 
body  decomposed  being  termed  dvdroUjte^  and  the  places  where  the  electric  current 
eaters  and  leaves  electrodes;  tho  positive  pole  of  the  batt^jry  being  named  nnodet  and 
the  negative  catkodt.  The  constituents  of  the  body  decomposed  by  electricity  ftr^ 
termed  hns  (from  iti>p,  participle  of  ttfu,  to  go)  j  that  deposited  or  separated  at  the 
anode  ( -^pole)  being  distinguished  as  the  anion,  and  that  making  its  appeaitmce  at 
tlie  cathode  the  catum.  An  electric  current  strong  enough  to  decompose  a  moleciilo 
of  water  ia  also  capable  of  decomi>osing  a  molecule  of  a  binary  compound ;  acconlingly 
the  quantities  by  weight  of  a  body  decomposed  by  the  electric  current  are  propor- 

£ie«i>uiftic  uw.  tional  to  tho  clu  mical  equivalents.  The  main  laws  of  electrolysis 
woro  dL^oovered  by  Faraday*  who  was  the  first  to  show  that  the  constituents 
attnicted  by  the  anodo  (+  i>ole)  are  electro -negative,  and  thofie  by  tho  cathode 
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( —  pole)  electro-positive.  As  water  is  a  common  solvent,  it  frequently  occurs  that 
during  electrolysis  its  elements  are  secondarily  decomposed.  Por  instance,  sulphate 
of  copper  gives,  at  the  anode  oxygen  gas,  and  at  the  cathode  metallic  copper,  because 
the  oxide  of  copper  appearing  at  this  pole  is  at  onco  deoxidised  by  the  simultaneoiis 
appearance  of  hydrogen:  the  oxygen  set  free  at  the  positive  plate  combines  with  the 
zinc,  forming  an  oxide,  converted  by  the  acid  into  sulphate  of  zinc;  so  that  for  every 
equivalent  (63*4)  of  copper  deposited,  one  equivalent  (65 '2)  of  zinc  is  dissolved.  If, 
instead  of  sulphate  of  copper,  suitable  solutions  of  gold,  silver,  &c.,  are  employed, 
the  electro-deposition  of  these  metals  can  bo  effected. 

stoctrotypiag.  The  following  are  the  chief  technical  applications  of  electrolysis : — 
Electrotyping.  It  has  just  been  said  that  the  copper  separated  electrolytically  from 
the  sulphate  of  that  metal  is  deposited  in  a  coherent  state,  and  if  the  operation  is 
continued  for  some  time  the  layer  of  metal  may  become  sufficiently  thick  to  admit  of 
being  detached  from  the  form  upon  which  it  was  deposited.  This  principle  of  electro- 
typing  was  discovered  in  1839,  simultaneously  at  St.  Petersburg  by  Dr.  Jacobi,  and 
at  Liverpool  by  Mr.  Spencer ;  among  those  who  have  laboured  to  improve  this  art, 
are  Messrs.  Becquerel,  Eisner,  Smee,  Kuolz,  Elkington,  and  many  others.  The 
metallic  solution  applied  for  the  preparation  of  casts  to  be  electi'otyped  is  always  a 
saturated  solution  of  sulphate  of  copper,  and  the  form,  technically  termed  the  pattern 
or  matrix,  upon  which  it  is  desired  to  deposit  the  copper,  should  not  consist  of  any 
metal,  such  as  zinc,  tin,  or  iron,  acted  upon  by  a  solution  of  sulphate  of  copper. 
The  matrix  is  usually,  if  it  be  a  metal,  made  of  copper ;  but  more  frequently  it 
consists  of  gypsum  or  gutta-percha.  In  order  to  render  the  electric  current  imi- 
form,  the  zinc  plate  of  the  battery  is  amalgamated  by  dipping  it  in  hydrochloric  or 
dilute  sulphuric  acid,  and  then  rubbing  mercury  over  the  surface  with  a  brush  or 
piece  of  soft  rag. 

ncpvodvctton  of  Copper-  The  engi'aved  copper-plato  to  be  reproduced  is  placed  at  the 
Plate  EngrmTing*.  bottom  of  a  wooden  trough  lined  with  resin  or  ashphalte.  Above  the 
plate  is  fixed  a  wooden  frame,  on  which  is  strained  a  sheet  of  bladder  or  parchment,  to 
serve  as  a  diaphragm ;  and  on  the  top  of  the  frame  a  plate  of  zinc  is  placed,  and  con- 
nected with  the  copper-plate  by  a  strip  of  lead.  A  saturated  solution  of  sulphate  of 
copper  is  poured  into  the  bottom  of  the  trough,  and  in  order  to  maintain  the  saturation  a 
few  crystals  are  added.  Above  the  porous  diaphragm  a  concentrated  solution  of  sulphate  of 
zinc  is  placed.     This  plan  is  also  pursued  in  electrotyping  woodcuts,  stereotj'pe-plates,  &c. 

Depodtion  of  MotaU,  To  reproduce  medals  and  other  small  objects  a  weak  current  only  is 
required.  The  plate  or  object  on  which  it  is  desired  to  cause  the  deposition  to  take  place 
is  suspended  vertically  from  the  cathode,  and  a  plate  of  the  metal  to  be  deposited  from 
the  anode  ;  in  pro]X)rtion  as  the  metal  is  precipitated  at  the  cathode,  it  is  dissolved  at  the 
anode,  leaving  the  concentration  of  the  fluid  unchanged.  Such  substances  as  are 
non-conductors,  wax,  paraffine,  and  gypsum,  are  first  superficially  coated  with  some 
conducting  material,  as  graphite,  silver,  or  gold-bronze.  Gutta-percha  is  an  excellent 
material  for  casts,  owing  to  its  becoming  plastic  in  boiling  water.  According  to  M.  von 
Kobell,  a  tough  malleable  copi)er  is  obtained  by  adding  to  the  copper  solution  some 
sulphate  of  soda  and  sulphate  of  zinc.  Unless  a  rather  weak  current  is  applied,  the 
copper  is  separated  from  its  solution  in  a  spongy  state;  ou  no  account  should  the 
current  be  strong  enough  to  decompose  water. 

^gS!?^? s8?eT!'**  In  order  to  apply  a  coating  of  gold  or  silver  to  copper,  brass, 
bronze,  or  other  metallic  alloy,  the  surface  should  be  first  very  thoroughly  cleaned 
by  boiling  in  a  caustic  soda  solution.  Smeo's  battery — a  platinised  silver  plate,  and 
a  plate  of  amalgamated  zinc — is  now  generally  used,  the  elements  being  placed  in 
leaden  vessels  lined  with  asphalte.  The  solution  of  gold  or  silver  in  cyanide  of 
potassium  is  employed  as  the  decomposition  liquid,  in  which  the  objects  to  be  silvered 
or  gilded  are  suspended  by  a  wire  connected  with  the  negative  pole  of  the  battery ; 
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and  to  another  wiret,  connected  to  tho  positive  pole  of  tho  battery,  is  fastened  a  pie«?e 
of  platinum,  which  is  also  immersed  in  the  liquid  of  tho  decomposition -ccU.  The 
vhole  process  only  lasts  a  few  minutes,  the  cathode  during  the  time  being  moved 
backwards  and  forwards  by  hand  to  render  the  deposit  uniform.  Plates  of  gold  or 
eilver  are  generally  used  instead  of  platinum  at  tho  anode,  and  become  gradually 
dissolved  by»  and  maintain,  tho  cyanide  solution  at  a  conBtant  fitrongth, 

tjow  soiwtUrti.  lOo  grms.  of  cyanide  of  potassium  are  dissolved  in  i  litre  of  distilled 
water»  and  7  gnnii*  of  very  fine  f^old  in  nitro-hydrocbloric  aoid,  this  solution  beii 
evaporated  to  dryness  on  a  water-batli,  the  residue  dissolved  in  distilled  water? 
and  to  tho  Bolutiou  some  cyanide  of  potassium  added ;  or  tho  gold  salt  obtained  on 
evaporation  may  be  dissolved  in  distilled  water,  and  the  solution  carefully  precipi- 
tated with  sulphate  of  iron,  ihe  finely-divided  gold  being  collected  on  a  filter,  next 
washed  with  distilled  water,  and  finally  dissolved  in  cyanide  of  potassium* 

safer  soivaoD,  This  solution  is  prepared  by  dissolving  woll-washeii  chloride  of  silver 
in  tho  above  solution  of  cyanide  of  potassium,  so  as  to  obtain  a  &-aturated  solution 
of  cyanide  of  silver,  affcc^rwards  to  be  diluted  with  an  equal  bulk  of  water. 

Copper,  bronze,  brass,  iron,  and  steel  can  be  electro-plated  directly ;  but  polished  sb 
tin,  and  zinc  have  to  be  first  coated  wth  a  iilni  of  copper.  German  or  nickel-silver  ia  noi^ 
generally  electro-plated.  The  thickness  of  the  fihn  of  ail  vex  may  vary  from  i-42nd  to 
I -450th,  or  even  to  i -5400th  of  a  millimetre,  correiiponding  to  1*240  grma.  of  aUrer 
on  I  square  metre  of  surface.  Frequenliy  the  best  e feet ro-pla ted  ware  made  in  tliis 
countrv  is  afterwards  coated  with  a  very  tliin  film  of  paUadium  to  prevent  the  silver  l>eing 
afftKited  by  eidphimstteil  fumes. 

Cfifiprv  sahidoa.  FoT  the  purposo  of  electro-coppering,  a  solution  of  oxide  of  copper 
in  cyanide  of  potassium  is  the  most  suit;ible  fiuid  ;  this  solution  is  prepared  by  first 
decomposing  a  solution  of  sulphate  of  copper  in  water,  with  tho  aid  of  caustic 
pota^aa  and  grapo  sugar,  so  as  to  obtain  a  precij)itato  of  sub-oxido  (red  oxide)  of 
copper,  which,  having  been  collected  on  a  filter,  and  well  washed,  is  next  dissolved 
in  ft  solution  of  cyanide  of  potassium.  For  th©  purpose  of  electro -coppering  iron  and 
eteid,  M.  Weil,  of  Paris,  prepares  a  fluid^ — 350  grms.  of  cuprio  sulphate,  1500  grms,  of 
ptitassio-tartrate  of  soda  {Mtl  setgndk)^  and  400  to  500  grms.  of  caustic  soda  dissolved 
in  10  litres  of  water. 

M,  Oudry's  method  of  deposituig  copper  on  iron  caadelahras,  gas  lampn,  fountain 
omamcnta,  &e.,  iii  ia  some  psrticoliiTS  quite  diifereat,  tlie  copper  not  being  immodiutely 
deposited  on  tlio  iron,  whic^  is  first  coated  with  an  impermeable  layer  of  a  kind  of  red- 
lead  paint,  graphite  being  afterwards  rubbed  in  for  the  purpose  of  rendering  the  surface  of 
tlie  object  a  ooidu<?tor.  To  obtain  a  ooatiDg  of  copper  I  mUlim,  ia  thiolmess,  such  artirles 
as  eandebibra  are  left  in  tho  solution  for  4^  days ;  the  ornamental  fountains  of  the  TIbcc 
la  Concorde,  Porisi  have  been  for  a  period  of  tvo  months  in  the  &i;jlntion. 

Kiiic  ftBd  Tift  soitttiM.  To  coat  iron  with  xinc,  a  solution  of  tho  sulphate  of  the  latter 
metal  may  be  used,  but  the  so-called  galvanised  iion  of  commerce  is  maJo  by  a 
different  process,  viz*,  by  placing  tho  iron  to  be  coated  in  a  bath  of  molten 
covered,  for  the  purpc^se  of  preventing  oxidation,  wit!i  a  layer  of  molten  tallow 
paraffin*  For  the  purpose  of  electro- tinning,  a  solution  of  tin  in  caustic  Bodxk  ia 
employed,  tho  anodo  being  of  tin. 

A  flO^aUed  electro-steeling,  really  a  deposit  of  iron  on  the  copper  plates  used  for  encnT- 
iajr,  is  effoct-td  by  M.  Meidinger  in  the  followbg  manner  i — TJie  bath  is  a  solution  of  snl- 
phiit^  of  iron  and  chloride  of  ammonium  r  to  tho  copper  pole  of  tho  bAtie!ry  a  phite  of 
ir*m,  and  to  thp  zinc  pola  thfi  engraved  copper  plate,  aro  eonneoted.  Those  isteelod  plate« 
wrv©  for  as  many  as  5000  to  15^000  impressum!?.  This  method  has  been  applied  to 
stereo* ypinff  with  great  sucoeaa,  and  indeed  the  deposition  of  iron  electrolyticaUy  i» 
a  valitnblo  addition  to  technology. 
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Btching  by  GfOrmnitiD.  This  proccss  is  based  npon  the  fact  that,  under  certain  conditions,  the 
ifabstances  separated  at,  combine  with  the  electrodes,  the  consequence  being  that  the 
electrode  is  gradually  corroded  and  destroyed.  The  copper-plate  intended  to  be  etched  is 
uniformly  covered  with  a  mixture  of  4  parts  of  wax,  4  of  asphalte,  and  i  of  black  pitch ; 
the  design  is  then  drawn  or  rather  scratched  with  proper  tools  through  this  non-con- 
ducting layer,  and  the  plate  attached  to  the  anode  of  a  galvanic  battery,  and  placed  in 
a  solution  of  sulphate  of  copper,  containing  also  a  copper-pla!»  connected  to  the  negative 
electrode  of  the  battery.  On  this  plate  is  deposited  the  copper  of  the  solution,  while  the 
oxygen  of  the  decomposed  water,  with  the  siUphuric  acid,  act  upon  the  portions  of  metal 
not  covered  with  the  protective  layer  and  produce  the  etching. 

MetaUochromy,  Or  galvanic  painting,  consists  in  depositing  thin  films  of  oxide  of  lead  in 
a  coherent  state  on  metal  plates,  thus  producing  Nobdi's  colours.  The  oxide  of  lead  is,  for 
this  purpose,  best  dissolved  in  caustic  potassa  or  soda  solutions.  In  England,  this  method 
of  ornamenting  is  not  much  applied ;  but  at  Nuremburg,  where  toys  are  largely  manufac- 
tured, this  process  is  very  simply  carried  out  by  placing  the  metallio  object,  previously 
connected  with  the  cathode  of  a  battery,  in  a  concentrated  solution  of  oxide  of  lead  in 
caustic  potassa,  while  to  the  anode  is  affixed  a  piece  of  platinum  foil 

Etectro-stMeotyping.  For  the  purpose  of  reproducing  printing- types  by  galvanic  means, 
a  wax  impression  of  the  typo  is  placed  in  the  deposition-ccU.  This  operation  is  also 
employed  for  the  reproduction  of  woodcuts,  gutta-percha  being  used  as  a  mould. 

oiyphography.  By  this  name  is  understood  a  process  for  reproducing  woodcuts,  but  it  is 
now  altogether  obsolete,  having  been  superseded  by  electro-typing.  A  further  disadvantage 
was,  that  the  glyphographic  plates  could  not  be  printed  from  the  same  matrix  as  type. 

QAiranoffrapiiy.  At  the  Suggestion  of  Dr.  von  KobcU,  the  reproduction  of  some  kinds  of 
drawings  and  pictures  has  been  tried,  in  order  to  enable  exact  copies  to  be  printed  from 
plates  dectrolyticaUy  obtained  from  the  original  drawings;  but  this  method,  of  very  difficult 
and  coBtly  execution,  is  superseded  by  photography. 


DIVISION  n. 

OKXTDB  1IATEBIAL8  A3fD  PEODrCTS  OP  CHKIDCAL  INDUBTBT. 


Cahboxate  of  Potassa. 
(KaC03=  138*2 ;  in  100  parts,  68*2  potassa  and  31*8  parts  carbonic  acid.) 
BouTCM  whfjne^pou«»  q^j^q  substancG  known  in  chemistry  as  carbonate  of  potassa  is 
generally  termed  potash,  because  it  was  formerly  obtained  from  wood-ash,  which, 
after  lixiviation  with  water,  was  evaporated  to  dryness  in  cast-iron  i>ots.  Potassa 
occurs  native  in  considerable  quantities,  but  never  free,  being  combined  with  silica  in 
many  minerals,  also  in  combination  as  chloride  of  potassium,  sulphate  of  potassa, 
and  in  various  plants  with  organic  acids.  The  following  are  the  sources  whence 
potassa  is  industrially  obtained : — 


I  camallite,  sylvin,  kainite,  and  schoenito, 

A.  Inorganic  sources         n.  Feldspar  and  similar  minerals, 
of  Potasssa.         ^  ^ 


I.  The  salt  minerals  of  Stassfurt  and  Kalucz;  products— 
camallite,  sylvin,  kainite,  and  schoenito. 
_I.  Feldspar  and  similar  minerals. 
I     III.  Sea- water  and  the  mother-liquor  of  salt-works. 

r 

distilhition. 


rV.  Native  saltpetre. 
V.  The  ashes  of  several  i)lants. 
,i     XX         .  I      VI.  The  rcsiiluo  of  the  molasses  of  boet-root  sugar  after 

ofpotLsr'"'^^  distillation. 

I    VIT.  Soa-woeds,  as  a  by-product  of  the  manufacture  of  iodine. 
VIII.  The  suint  of  the  crude  wool  of  sheep, 

H^^Furt'^lSt^e™!..  I-  The  very  abundant  salt-rocks  near  Stassfurt,  in  Prussia,  and 
Kalucz,  in  Ilungary,  chiefly  yield  camallite,  sylvin  (CIK),  and  kainato,  a  compound 
of  sulphate  of  potassa  and  magnesia  with  chloride  of  magiiesiuiu.  Camallite,  so 
named  in  honour  of  Camall,  a  Prussian  mining  engineer,  consists,  in  100  parts, 
leaving  the  bromine  out  of  the  question,  of— 

Chloride  of  potassium     . .      . .      27 

Chloride  of  magnesium  . .      . .     34 

^         AVator 39 


(CI 
Vjjf  +  GirjO.  This  salt  is  ajipliod  in  the  manufacture  of— 

a.     Chloi-ido  of  pot;i8siuin. 
/3.     Sulpha  to  of  potassa. 
y.     Potash  (carbonate). 
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a.  Preparation  of  Chloride  of  Potassium. — According  to  the  process  originally 
patented  (i 861)  by  Mr.  A.  Frank,  the  abraum  salts  are  ignited  in  a  reverberatory 
furnace,  with  or  without  the  aid  of  a  current  of  steam,  and  next  lixiyiated  with 
water,  the  resulting  liquor  yielding  chloride  of  potassium.  The  rationale  of  this 
process  is :— i.  That  the  camallite  of  the  abraum  salts  is  separated  by  the  action  of 
the  water  into  chloride  of  potassium  and  chloride  of  magnesium.  2.  The  latter  salt, 
on  being  ignited  in  a  current  of  steam,  is  decomposed  into  hydrochloric  acid,  which 
escapes,  and  magnesia,  which  is  practically  insoluble  in  water,  and  which  conse- 
quently remains.  This  process  is  not  found  to  answer  well  on  the  large  scale, 
because  the  abraum  salts  qpntain  other  chlorides,  the  chloride  of  sodium  and  tachy- 
drite,  by  the  presence  of  which  the  decomposition  of  the  camallite  is  hindered. 
Dr.  Griineberg,  therefore,  suggested  that  the  abraum  salts  should  be  first  mechani- 
cally purified,  that  is  to  say,  the  different  components  of  the  abraum  salts  should  be 
separated  from  each  other  according  to  their  varying  specific  gravity,  which  for — 
Camallite  is  =1 '61 8 

Chloride  of  sodium  is  =  2*200 
Kieserite  is  =  2*517 

The  abraum  salt  having  been  ground  to  a  coarse  powder  is  passed  through  sieves, 
and  treated  as  minerals  are  in  metallurgical  processes,  with  the  difference  that,  instead 
of  water,  which  of  course  would  dissolve  the  salts,  a  thoroughly  concentrated  solution 
of  chloride  of  magnesium  is  applied,  this  solution  not  acting  upon  the  salts,  and  being, 
moreover,  obtained  as  a  by-i)roduct  in  enormously  largo  quantities.  The  above- 
mentioned  salts  settle  in  layers  according  to  their  densities,  the  camallite  forming 
the  upper,  and  the  kieserite  the  lowest  layer.  The  camallite  is  at  once  applied  to 
the  preparation  of  chloride  of  potassium ;  the  middle  layer  of  common  salt  is  so  £i*eo 
from  other  foreign  salts  as  to  bo  fit  for  domestic  use ;  the  kieserite,  after  having  been 
washed  with  cold  water  to  remove  any  adhering  chloride  of  sodium,  is  applied  to  the 


Fio.  57 


Fig.  58. 


manufacture  of  sulphate  of  potassa,  to  bo  presently  described.  However,  the  greater 
number  of  manufacturers  at  Stassfurt  prefer  another  plan,  applying  the  five  following 
operations  to  the  abraum  salts  as  delivered  from  the  salt  quarries : — i.  Lixiviatiou 
of  the  camallite  with  a  limited  quantity  of  hot  water,  sufficient  to  dissolve  the 
chlorides  of  potassium  and  magnesium,  leaving  the  bulk  of  the  common  salt  and 
magnesian  sulphate.     2.  Crystallising  the  chloride  of  potassium  by  artificially 
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freezing,  3,  Evaporating  and  cooling  the  mother-liquor  to  produce  a  second  yield 
of  crystallised  chlurido  of  potassium.  4.  Again  evaporating  and  cooling  the  mother- 
liquor,  which  yields  the  double  siilt  of  tho  chlorides  of  potassium  and  magnesiimi, 
or  artificial  carnallitcs  which  is  next  treated  in  tho  same  manner  as  the  native  salt. 
5.  Washing,  drjnng,  and  packing  the  chloride  of  potaadiim. 

I.  T^  ■■      "- Mliito  js  put  into  cist-lroTi  Hjudntion  vessels  and  mixed  with  threc*f onrtlis  ol 
it^  V.  it*'r,  previoualy  employed  for  the  washing  of  crude  chloride  of  x»'jt^ssiiim,[ 

iincU  ,    cnutiiining    a   large    quantity  of    conuuon    salt    aud   Home    chloride    of* 

ptHa^iun;  eteam,  at  1 20*,  and  iit  a  preiisfare  of  30  lb«.  to  the  square  inch,  is  forctd 
through  tJio  perforutcd  circularly  bent  tube,  t  (Fig,  59)  at  the  bottom  oi  the  veasch     In 

Mr.  Douglas's  works  tho  lixivia tion  vessels,  Figs.  57, 
FlO.  59*  58,  and  59,  have  a  cubical  capacity  of  20  tons.     They 

are  cloned  with  a  tightly-fitting-  lid,  an  oprn-T-  *     ^  :2r 
cut  for  the  escape  of  stirjjlus  steam.     The  r  ^ 

kept  iumotion  by  steam-powor.     When  th»>  fi 

of   steam   and  the  stirring  has  been  contiuued  about 
three  hours,  the  contents  of  the  vessels  are  left  at  rest 
for  two  days,  after  which  the  saturated  solution  has  m^ 
density  of  32"  B.  =1  1  -286  ax^-  gr,,  and  is  forced  by  stcan. 
pressure  into  crystallising  vessels ;  the  residue'  in  th«| 
tixiviation  vessels^  amountmg  to  about  one-third  of  thi 
weight  of  the  carziallite,  is  agam  treated  as  described. 

2.  The  crystallisation  vessels  are  of  woc^kI  or  sheet-l 
iron,  1-20  metres  diameter^  by  1-5  to  1-9  metres  heigHl.| 
The  chloride  of  potasMium  crysti'dlises  in  c<imbLnAtian| 
with  comraoa  salt^  and  is  Mtrouply  impregnated  with  th 
very  wolublo  nnd  highly  <k>lique-^eiit  chloride  of  mug 
nesium;   the  salt  deposited  at  the  sides  of  the  vej 
contains  upwards  of  70  per  cent,  of  chloride  of  potoaaium,  while  that  coUected  ot 
bottom  contains  only  55  per  cent.     If  shallow  vessels  are  employed,  the  saline  soluticK 
oools  more  rapidly,  and  a  finer  grained  salt  is  obtained,  mixed,  however,  with  impuriti< 
and  rt*quiring  more  washings,  an  ojieration  whicli,  with  the  coarse  salt,  has  only  to 
[M^rformod  onoe  to  vicld  80  per  cent,  chloride  of   potassium.     Host  of  the  chloride 
potassium  sold  by  the  manufacturers  contains  So,  aud  iu  some  casea  S5  and  90,  per  ccn^ 
of  ihepure  salt. 

3.   Ino  evaporation  of  the  first  mother-liqnor  is  carried  on  in  iron  pans  of  varmits 
iiiKea.    As  by  the  evaporation  common  salt  is  largely  deposited,  which  has  a  tendency  to 

Fio,  60. 


Fia,  61. 


->^ 


7' 


It' 


^ 


cake  at  ih«  bottom  ol  &o  pans,  and  check  tljc  conduction  of  heat,  tho  pans  ate  set  so  aa 
to  fcoeire  the  action  of  the  flam«  only  on  the  iddes  (Fig.  6i}i  and  the  liquid  kept  constantly 
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stiiTed.  When  the  liquor  has  been  reduced  to  about  two-thirds  of  its  bulk,  with  a  density 
of  33**  B.  =  1-298  sp.  gr.,  it  is  run  into  the  crystallising  vessels.  The  mass  remaining  in 
the  eraporating  pan,  consisting  of  60  to  65  per  cent,  common  salt,  6  per  cent,  chloride  of 

Sotassium,  and  30  percent,  double  sulphates  of  magnesium  and  potassium,  is  used  as  manure, 
team-heated  evaporating  pans,  represented  in  Fig.  60,  are  employed  by  some  manu- 
facturers ;  the  four  steam-tubes,  t,  are  placed  parallel  to  the  sides  of  the  vessel,  and  open  in 
«,  the  waste  steam  being  carried  oflf  by  the  tube  t'.  As  might  be  expected,  the  concen- 
tration of  the  liquor  is  more  rapidly  performed  by  means  of  steam,  but  the  crystallisation 
of  the  second  crop  of  salt  is  poorer,  yielding  only  50  to  60  per  cent,  chloride  of  potassium, 
and  requiring  two  to  three  washings  to  accumulate  80  per  cent,  pure  potassium  salt. 

4  and  5.  The  second  mother-liquor  is  again  concentrated  by  evaporation  to  35°  B. 
=  sp.  gr.  I  -299,  yielding  a  saline  mass  similar  to  the  residue  of  the  first  evaporation,  and 
to  which  it  is  added  and  used  as  a  manure.  On  being  submitted  to  crystallisation,  this 
last  liquor  yields  artificial  camallite,  treated  as  the  salt  obtained  from  the  native  deposit, 
giving,  however,  with  less  labour  80  to  90  per  cent,  chloride  of  potassium.  The  cliloride 
of  potassium,  after  washing  with  pure  water,  is  dried  either  in  rooms  heated  by  steam,  or 
in  a  moderately-heated  reverberatory  furnace.  The  dry  salt  is  then  packed  in  casks, 
each  containing  about  500  kilos. 

/3.  The  preparation  of  sulphate  of  potassa  may  bo  effected : — 
a.  From  chloride  of  potassium  and  sulphuric  acid. 

5.  By  Longmaid's  (see  Soda  Manufacture)  roasting  process,  viz.,  the  calcina- 
tion of  chloride  of  potassium  and  sulphuret  of  iron,  and  in  metallurgical 
processes  where  chloride  of  potassium  is  used  instead  of  chloride  of  sodium. 

c.  From  chloride  of  potassium  and  kieserite. 

d.  From  kainite. 

The  conversion  of  chloride  of  potassium  into  the  sulphate  of  potassa  by  double 
decomposition  with  sulphate  of  soda  is  not  practicable  on  the  largo  scale,  as  the  two  salts 
have  a  tendency  to  form  double  salts ;  therefore,  the  methods  a  and  b  are  practically 
ayailable  only  under  certain  peculiar  conditions.  A  small  quantity  of  chloride  of  potassium, 
obtained  in  Scotland  as  a  by-product  of  the  preparation  of  kelp,  is  converted  into  sulphate 
of  potassa  by  the  means  in  use  for  the  manufacture  of  soda  {qi4od  vide).  The  leading 
points  in  the  manufacture  of  sulphate  of  potassa  by  the  aid  of  the  sulphuric  acid  contained 
in  kieserite  are  the  following : — First  schoenite  and  camallite  are  prepared  by  dissolving 
chloride  of  potassium  and  kieserite  in  boiling  water,  and  crystallising  the  solution  thus 
obtained : — 

4  mols.  Kieserite  1   |  2  mols.  Schoenite. 

3  mols.  Chloride  of  pota.ssium  )  I  i  mol.  Camallite. 

The  schoenite  and  artificial  camallite  are  separated  by  crystallisation,  and  the  former 
decomposed  by  chloride  of  potassium  : — 

,     o  v       -1.  \  i  A  mols.  of  Sulphate  of  potassa. 

4  mols.  Schoenite  =2  mols.  of  Schoenite. 

3  mols.  Chloride  of  potassium  j  \  ^  ^^^  ^^  CamaUitc. 

The  sulphate  of  potassa  crystallises  first,  and  is  simply  purified  by  washing  with  water. 
As  kainite  is  found  in  very  large  quantities  among  the  saline  deposits  near  Stassfurt,  it  is 
also  used  for  the  preparation  of  sulphate  of  potassa ;  by  a  simple  washing  with  water, 
the  chloride  of  magnesium  contained  in  the  kainite  is  removed,  and  the  salt  thus  converted 
into  schoenite : — 

?vT'*l     r  •       1  =  Schoenite. 

— Chlonde  of  magnesium  j 

The  schoenite  is  then  employed  in  the  manufacture  of  sulphate  of  potassa  by  being 
treated  with  chloride  of  potassium ;  the  sulphate  of  potassa  thus  obtained  is  used  either 
in  alum  or  potassa  manufacture,  or  as  a  potassa  manure. 

y.  Preparation  of  Carbonate  of  Potassa  or  Mineral  Potash. — Very  many  sug- 
gestions have  been  made  for  converiing  by  simple  means  chloride  of  potassium  and 
sulphate  of  potassa  into  carbonate  of  potassa,  industrially  known  as  potash ;  but 
most  of  the  plans  proposed  are  unfit  for  use  on  the  largo  scale,  and  even  the  method 
adopted  by  Leblanc  for  soda  manufacture  has  not  been  in  every  case  successful 
when  applied  to  the  production  of  chloride  of  potassium.     At  Kalk,  on  the  opposite 
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bank  of  the  Rliine  to  Cologne,  a  process,  said  to  be  based  npon  Leblanc'a  method, 
is  fiucccssfiilly  in  operation,  but  the  real  arrangements  are  carefuUy  kept  secret,  no 
one  being  allowed  to  visit  the  works ;  however,  it  is  stated  that  sulphate  of  pota&g^i 
containing  schoenite  is  mixed  with  chalk  and  small  coals,  and  calcined,  the  cal- 
cined mass  being  lixiviated  when  cool,  and  yielding  carbonate  of  potasea  in 
solution,  and  a  residue  of  sulphide  of  calcium. 

**'**to<£*?i&?(!ir***"  ^'  Potasaa- salts  from  feldspar.  It  has  been  found  by  the 
analysis  of  minerals  entering  largely  into  iha  constitution  of  rocks^  that  potassa  ia 
present  in  considerable  quantities.  The  following  may  be  taken  as  instances  :— 
Orthoclase,  or  potash  feldf^par,  contains  from  lo  to  i6  per  cent,  i  potash  mica,  8  to 
10  per  cent. ;  trachyte,  glaukonite,  phonolitho,  7  to  8  per  cent* ;  porphyry,  granu- 
lite,  and  mica  schist,  6  to  7  per  oent. ;  granite,  syenite,  gneiss,  5  to  6  per  cent. ; 
dolerite,  basalt,  kaolin,  and  clay,  i  to  2  per  cent. 

Before  the  discovery  of  the  potassa-salt  deposits  at  Stasafurt,  Kalucst,  and  elsewhere, 
there  were  many  suggestions  made  as  to  the  obtaining  of  the  pota^sa  on  the  larg-e  scaJc  ; 
but  at  present  this  branch  of  industry  Ik'S  dormant,  not^ithi»tundiDg^  the  theoretical  valu*» 
of  Mr.  Ward's  (1S57)  suggestion  that  feldstpar  should  be  mixed  unth  fluor-spar,  iHnlh  finely 
pulverised — the  fluorine  fusing  equal  in  quantity  to  the  potaasa  contniQed  in  the  fluor-spar 
— a  mixture  of  chalk  and  hydrate  of  lime  added,  the  mass  ignited  in  kilns  or  gas-retorts, 
and  finally  treated  with  water  to  yield  caustic  pol^iasa  and  a  residue,  which,  after  another 
calcination,  yieMs  excellent  hydraidic  lime. 

^""sS-wlufr™  ^^^'  ^^*  TJsiglio  found  that  the  water  of  the  Mediterrancun  contains 
in  10,000  parts  by  weight  5*05  paits  of  potassa  ;  and  after  the  removal  of  themoro 
readily  crystallisablo  salts  left  by  the  spontaneous  evaporation  of  the  water  by  the 
sun's  heat,  this  natural  mother-liquor  is  applied  to  the  preparation  of  pota^a- 
salts,  accoi^ding  to  the  following  method  :— 

The  process  now  in  use  near  Aigiies  Mortes,  and  other  localities  in  proximity  to  the 
Medit<?rranean,  was  invented  by  Ptofeaaor  Bolard,  the  discoverer  of  bremiiie,  and  yields 
from  I  cub.  met.  of  mother-liquor,  equal  to  abitut  75  cub.  mets.  of  sea-water,  at  28'  B. 
=  1*226  up.  gr.  40  kilos,  of  solpbate  of  soda,  120  kilos,  of  refined  common  salt,  and 
10  kilos,  of  chloride  of  potasdnm.  It  has  been  found,  however,  that  this  method  \&  rattier 
costly,  and  the  mother-liquor  is  generally  left  to  spontaneous  evaporation,  yielding  the 
three  following  kinds  of  salt : — a.  The  first  Bait  separated  from  a  liquor  of  '^i'  B. 
^  1*266  sp.  gr.,  only  impure  common  rndt,  b,  Tlio  second  salt  separated  from  a  liquor^ 
32"  to  3  J*  B.  ^  1.266  to  I  '299  up,  gr.,  eon&iMtii3g  of  eqnal  parts  of  common  salt  and  Epsoai 
tsalt,  and  termed  mixed  salt,  r,  The  third  KaU»  35"  and  37"  B.  -=.  1*299  to  1*321  sp.  gr. 
termed  summersalt.  The  second  salt  haWnj;  been  dissolved  in  fresh  c(ild  water,  the 
solution  is  placed  in  Carry's  ice-making  ninchine,  and  yields  sulphate  of  soda  by  an 
exchange  of  its  constituents.  The  third  m\t  u  Ahmlxad.  in  boiling  water,  jdelding  on 
cooling  half  its  potassa  as  kniniti*.  The  mother-liquor,  containing  camallite,  common 
salt,  and  bitter,  or  Ej^scKm-siilt,  yields  sulphate  of  soda,  and,  when  treated  'ft-ith  chloride 
of  magnesiimit  all  its  pot^issJi  as  carnallite,  which,  by  being  washed  with  "wat4?r,  yielil* 
chloride  of  potoasium.  In  this  way  it  has  Weome  pi^tssible  to  obtain  45  per  cent,  of  the 
potassa  oi  the  mother-liquor  as  chloride  of  potasttium,  and  55  per  cent  of  Bchoonite,  whidi 
is  couTerted  into  sulphate  of  potassa. 

A!K?t.?f?liK!  1^*  '-^^^  residue  left  from  the  ignition  of  theorganic  matter,  or  wood, 
as  it  is  usually  termed,  of  plants,  contains  those  mineral  substances  which  the  plant 
has  taken  from  tho  soil,  chiefly  potassa,  soda,  lime,  magnesia,  small  quantities  of  the 
protoxides  of  iron  and  manganese,  combined  with  phosphoric,  sulphuric,  silicic,  and 
carbonic  acids,  and  also  with  the  haloids*  These  combinations  are  not,  however,  tho 
same  as  those  existing  in  tho  living  plant,  becanso  the  high  temperature  of  the 
ignition  has  tho  effect  of  changing  tho  atEnities.  Plants  growing  near  the  sea  gone- 
mlly  contain  largo  quantities  of  smla,  whOo  those  inland  contain  generall}"  more 
potassa*  Tho  quantity  of  ash  varies  not  only  for  dilferent  kinds  of  jdants,  but  for 
various  ports  of  the  same  plant,  very  succulent  plants  and  the  most  succnlont  Darts 
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generally  yield  the  largest  quantity  of  ash ;  herbs  yield  more  ash  than  shrubs, 
ahmbs  more  than  trees,  and  the  leaves  and  bark  of  those  more  than  the  wood.  It 
is  evident  that  the  inorganio  matter,  chiefly  alkaline  salts,  being  contained  in  the 
juice  of  plants  in  a  soluble  state^  the  quantity  must  of  necessity  bo  greatest  in  the 
juicy  and  succulent  parts. 

Br.  Bottger  foond  the  aah  of  beech- wood  to  contain — 

21-27  per  cent,  of  soluble  salts, 
«  7873    »»      »»      o'  insoluble  salts. 

The  soluble  salts  were  found  to  ben- 
Carbonate  of  potassa     . .     . .   15-40  per  cent. 
Sulphate  of  potassa  . .     2*27    „      „ 

Carbonate  of  soda 3-40    „      „ 

Chloride  of  sodium 0-20    „      „ 


21*27  percent. 

The  yaluo  of  an  aah  for  the  manufacture  of  potash  is  chiefly  dependent,  in  the  first 
place,  upon  the  quantity  of  potassio  carbonate  it  will  yield,  upon  the  abundance  of  the 
wood  or  other  yegetable  product,  and  the  cost  of  labour.  The  undermentioned  woods 
yield,  on  an  average,  for  1000  parts,  the  following  quantities  of  potash : — 

Pine      0-45         Beech-bark 600 

Poplar 0'75  Dried  ferns 6*26 

Beech i'45  Stems  of  maize  (Indian  com) . .     ..   17-50 

Oak      1-53         Bean-straw 20*00 

Box-wood 226         Sunflower-stems 20*oc 

Willow 2S5         Kettles 25*03 

Elm      390         Vetch-straw        27*50 

"Wheat-straw      3-90         Thistles        35-37 

Bark  from  oak-lmots 4-20         Dried     wheat-plant     preWous     to 

Cotton-grass  {Eriophorumvaffittatum)     5*00  blooming 47'00 

Bushes 5*08         Wormwood 73-00 

Vine-wood 5-50         Fumitory 7900 

Barley-straw      5-80 

According  to  M.  Hdes,  1000  parts  of  the  following  kinds  of  wood  yield — 
Ash.         Potash. 


Pine 3-40  0-45  Willow     .. 

Beech        5*80  1*27  Vine  ..     .. 

Ash I2*20  0-74  Dried  ferns 

Oak 13*50  1*50  Wormwood 

"Rltn 25-50  3*90  Fumitory . . 


Ash. 

Potash. 

2S0 

285 

340 

5-50 

3^-4 

425 

97*4 

7300 

2190 

7990 

The  preparation  of  potash  from  vegetable  matter  is  effected  in  three  operations,  viz. : — 

a.  The  lixiviation  of  the  ash. 

b.  The  boiling  down  of  the  crude  liquor. 
e.  The  calcination  of  the  crude  potash. 

The  combustion  of  the  vegetable  matter  should  be  so  conducted  as  to  prevent  its 
becoming  too  violent,  and  giving  rise  to  the  ccmbustion  of  some  of  the  reduced  i)otas8a- 
salt ;  nor  should  too  strong  a  current  of  air  be  admitted  for  fear  of  the  ash  being  mechani- 
cally carried  off.  A  distinction  is  made  abroad — ^no  potasli  from  wood  or  other  vegetable 
matter  being  produced  in  the  United  kingdom,  nor  wood  used  as  fuel  in  sufficient  quantities 
to  yield  ash  for  the  preparation  of  potash — between  the  ash  obtained  by  the  combustion  of 
the  refuse  wood  of  forests  and  the  ash  from  wood  used  as  fuel,  the  former  being  termed 
forut'  and  the  latter /t/^Z-ash.  As  ash  from  other  fuel  than  wood  may  be  mixed  with  fuel- 
adi,  a  sample  may  be  roughly  tested  by  Irjdviation^  and  the  density  of  the  liquor  taken  by 
the  areometer,  the  higher  the  specific  gravity  the  larger  the  quantity  of  soluble  salts.  For- 
merly the  forest  ash  was  purposely  prepared,  and  sold  to  potash-boilers.  There  is  still 
known  in  Eastern  Prussia  and  Sweden  a  material  termed  okras  or  ochras,  holding  a  position 
intermediate  to  crude  ash  and  potash. 

a.  The  lixiviation  of  the  ash  effects  the  separation  of  the  soluble  from  the  insoluble  saluie 
matter,  the  former  amounting  to  about  25  to  30  per  cent,  of  the  entire  weight  of  the  ash. 
The  operation  is  carried  on  in  wooden  vessels  sbax)ed  like  an  inverted  truncated  cone,  and 
provided  with  a  perforated  false  bottom,  which  is  covered  with  straw ;  in  the  real  bottom 
»  tap  is  fixed  for  removing  the  liquor.    If  the  lixiviation  is  systematically  carried  on, 
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sevcHLl  of  tlie^ie  ves^ela  are  placed  togietlicr,  formiiig  what  is  termed  a  battery,  and  undar 
each  a  tank  to  rc-ccire  the  liquor.  The  afih  to  be  lijd\i&ted  ia  first  separated  frcnn  the  coarse 
portides  of  charcoal,  next  put  into  a  email  eqimre  water-tifarht  voodpn  box,  and  t^    - —ily 
■fttomtod  with  water  for  at  least  twcsnty-four  hours.     By  this  proceedings  the  li 
gieatlj  asaistcd,  and  the  silicate  of  potassa  to  some  extent  decomposed  by  th-  t 

81©  carbonio  acid  of  the  atmoRphero.  The  next  step  i»  to  tranafur  tho  wet  uah  tu  tiie 
lixiriation  Teasel^  care  being  taken  to  press  it  tightly  down  on  to  the  false  bottom ;  cold 
wateT  is  then  poured  in,  until  the  liquor  b^g^ns  to  run  ofi?  at  the  tapa  left  open  for  that 
purpose.  Tlio  liquor  which  runs  oit',  after  the  water  has  remained  some  little  time  in 
contact  with  the  ash,  is  found  to  contain  about  30  i>cr  cent,  of  aolublo  Balt«,  afterwarda 
decreasing"  to  abont  10  per  cent.,  when  hot  water  ia  employed  to  complete  th©  lixivmticiii. 
The  in&cilublo  ri^RJdue  left  in  the  Uxiination-tub  is  of  value  as  a  manure,  on  account  of  the 
phota-phate  of  lime  it  contains,  and  is  also  used  in  making  green  bottle-glass,  and  for 
buddinir  up  saltpetre-ljeds. 

b.  Boiling  down  the  Ijqnor.  The  liquor  obtained  by  Hjdviation  is  of  a  brown  colour, 
owing  to  organic  roattt  r,  hmnin  or  ulminc,  which  the  carbonate  of  potassa  has  dissolved 
from  the  small  chips  of  imperfectly  burnt  charcoal.  The  evaporation  ia  carried  on  in  larg^ 
shallow  iron  pans^  fresh  liquor  being  fn^m  time  to  time  added,  and  tho  operation  continuod 
until  a  wunplo  of  the  hot  concentrated  liquor  exliibita  on  cooling  a  crystulline  solid  mass. 
When  this  point  is  reached  the  fire  m  gradually  extinguished,  and  ixa  soon  as  tlie  contents 
of  the  pan  are  sufficiently  cold  to  handle,  the  solid  salt  mass  is  broken  up ;  its  colour  is  a  deep 
brown.  This  crude  product,  containing  about  6  per  cent,  of  water,  is  Imown  in  the  trade  aa 
crude,  or  lump-pota^.  It  is  evident  that  this  method  of  boiling  down  may  cause  consider- 
able damage  to  the  iron  pans,  therefore  in  many  instances  the  operation  is  conducted  in  a 
somewhiit  different  manner.  The  liquid  is  kept  stirred  with  iron  rakes,  and  the  &alt,  instead 
of  forming  a  hard  solid  mass,  is  obtained  as  a  granular  powder,  containing  upwards  of  12 
per  cent,  water.  Soma  manufacturers  first  separate  the  sulphate  of  pot^h^  which,  being 
loBB  BolaBle,  cryartaUisea  before  the  carbonate,  a  deliquescent  salt,  is  separated  from  tlie 
liquor ;  in  most  cases,  however,  this  op<>ration  is  only  carried  on  where  tho  sulphate  of 
potash  is  required  for  alum-making*  The  pearl-ash  or  potash  of  commerco  almost  invari- 
ably contains  a  large  quantity  of  eulphato  of  potash. 

e.  In  order  to  expel  all  the  water  and  to  destroy  the  organic  matter,  the  aaline  mass  ia 
calcincMl,  and  as  this  operation  was  formerly  performed  in  cast-iron  pots,  the  salt  haa 
obtained  the  imzne  of  potash.  A  caldning  furnace,  Ftg.  62,  is  now  u^ed,  diatingidahed 
from  oidiiuiiy  reverberatory  furnaces  by  being  proyided  with  a  doable  fire-place.    These 


F10.  62. 


henrths,  one  of  which  is  exhiluted  in  section  at  a,  Fio,  62,  are  phiced  at  right  angles  to 
each  other,  and  the  flame  and  smoke  meeting  in  the  centre  of  the  furnace,  pass  off  at  1 
the  work-hole,  into  tlie  chimney,  k.  Wood  is  used  as  fuel,  and  as  tho  heating  of  tl 
furnaces  requires  a  very  largo  quantity,  they  are  only  in  use  when  a  suflicicnt  supply  {  _ 
crud<?  pntttsh  is  ready  for  being  operated  upon.  Tho  furnace  is  thorougldy  heated  in  ab<yiit 
five  to  six  hnurs,  care  \mng  taken  to  fire  gradually,  and  to  bring  the  interior  of  the  fitinaoo 
to  nearly  red  heat,  so  that  the  vapour  duo  to  tho  combustion  of  the  wno^l  may  not  oondonM 
inside  the  furnace,  but  be  carried  off  by  the  fine.  Tho  crude  potaf^h,  broken  up  to  egg-iiia 
lump*,  is  next  placed  in  such  quantities  at  a  time  a,«i  may  suit  tho  size  of  tne  oaTeminfi; 
hearth ;  for  instance,  if  the  hearth  is  roomed  to  contain  3  cwts.,  that  quantity  is  dividr^d 
into  three  portions  and  put  in  at  intervals  of  a  few  minutes.  The  first  effect  of  the  heat 
is  to  expel  tho  water  from  tho  potash,  tho  escape  of  tho  steam  being  promoted  by  stirrintr 
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the  mass  with  iron  rakee.  In  about  an  hour  all  the  water  is  driven  off,  and  the  mass 
takes  fire  in  consequence  of  the  burning  of  the  organic  matter,  the  salt  at  first  being 
blackened,  but  gradually  becoming  white  as  the  carbon  bums  off.  As  soon  as  this  stage 
is  reached,  the  potash  is  remorea  to  the  cooling-hearth,  and  when  cold,  packed  in  wcU- 
made  wooden-casks,  which,  as  this  salt  is  very  hygroscopic,  are  rendered  as  air-tight  as 
possible.  The  heat  of  the  furnace  has  to  be  well  regulated  to  prevent  the  jwtash 
becoming  semi-fused,  in  which  case  it  would  attack  the  siliceous  matter  of  the  fire- 
bricks ;  the  workmen  from  time  to  time  take  a  small  sample  to  test  how  far  the  calcination 
is  complete. 

We,  in  Europe,  obtain  a  considerable  quantity  of  potash  from  the  United  States  and 
Canada,  known  as  American  potash,  of  which  there  are  three  different  kinds,  viz. : — 
I.  Potash  prepared  as  described.  2.  Pearl-ash,  or  potash,  purified  by  lixiviation,  decan- 
tation  from  sediment,  boiling  down,  and  the  calcination  of  the  salt  thus  obtained. 
3.  Stone-ash,  a  mixture  of  uncalcined  potash  (potassic  carbonate),  and  caustic  jwtash 
obtained  by  treating  the  crude  potash  liquor  with  caustic  lime,  and  boiling  down  the  mass 
to  dryness ;  this  article  has  the  appearance  of  the  crude  caustic  soda  of  this  country,  but 
is  usually  coloured  red  by  oxide  of  iron ;  the  lumps,  stone-hard,  are  from  6  to  10  ccntims. 
in  thickness,  and  contain  upwards  of  50  per  cent,  caustic  x>otash.  The  under-mentioned 
analyses  exhibit  the  varying  composition  of  the  potash  of  commerce: — Sample  i  is 
from  Kasan  (Russia) ;  analyst,  M.  Hermann.  2.  Tuscany.  3  and  4 — the  latter  of  a 
reddish  colour — from  North  America.  5.  Russia.  6.  Vosges  (PVance) ;  analyst  of  2,  3,  4, 
5,  and  6,  M.  Pesier.  7.  Helmstedt,  in  Brunswick ;  analyst,  M.  Limpricht.  8.  Russia ; 
analyst,  M.  Bastelaer. 


I. 

2. 

3- 

4- 

5- 

6. 

7- 

8. 

Carbonate  of  potash    . 

.  78-0 

74-1 

71-4 

680 

699 

3S-6 

490 

5084 

Carbonate  of  soda 

— 

30 

2'3 

5-8 

3-1 

4-2 

1214 

Sulphate  of  potash      . . 

.   170 

13-5 

144 

'U 

141 

38-8 

40-5 

17*44 

Chloride  of  potassium. 

.     3-0 

o'9 

3-6 

21 

91 

100 

5-8o 

Water 

72 

45 

— 

8-8 

53 

— 

1018 

Insoluble  residue  . .     . 

.       0-2 

01 

27 

23 

2-3 

3-8 

— 

3-6o 

The  calcined  potash  varies  in  colour,  being  either  white,  pearl-grey,  or  tinged  with 
yellow,  red,  or  blue.  The  red  colour  is  due  to  oxide  of  iron,  the  blue  to  the  manganates  of 
potash,  a  hard,  light  porous,  non-crystalline  mass,  never  entirely  soluble  in  water.  For- 
merly, a  large  qu^tity  of  potash  was  obtained  from  the  residues  of  wine-making,  and 
called  vinasse,  the  semi-liquid  left  after  the  alcohol  has  been  distilled  from  the  wine,  and 
containing,  among  other  substances,  argol,  or  crude  bitartrate  of  potash ;  it  was  boiled 
down,  and  next  calcined,  yielding  a  kilo,  of  very  good  potash  for  every  hectolitre  of  vinasse. 
The  large  quantity  of  potash  thus  formerly  produced  may  be  judged  from  the  fact  that  19 
of  the  wine-producing  departments  of  Prance,  those  only  where  large  quantHies  of  wine 
are  converted  into  alcohol,  technically  termed  trois-  six  and  cinq  huity  yield  aL.^ually  about 
9  to  10  million  hectolitres  of  vinasse,  at  the  present  time  employed  for  the  preparation  on 
the  large  scale  of  cream  of  tartar,  glycerine,  and  tartaric  acid. 

Potash  from  MoUtMM.  V.  Of  late  yoars,  tho  manufacturo  of  potash  salts  from  tho 
rinasse  left  after  tho  distillation  of  fermented  beet-root  molasses  has  been  added 
as  a  new  branch  of  industry  by  M.  Dubmnfaut,  and  introduced  into  Germany  by 
M.  Yamhagen,  in  the  year  1840,  at  Mucrena,  Prussian  Saxony. 

Beet-root,  on  being  subjected  to  ignition,  yields  an  ash  containing  a  large  percentage  of 
potash,  a  fact  first  observed  in  tho  early  part  of  this  century  by  M.  Matliieu  do  Dombasle, 
a  celebrated  French  agriculturist,  who  discovered  that  100  kilos,  of  dried  beet-root  leaves 
yield  loj  kilos,  of  ash,  containing  5*1  kilos  of  potash;  but  this  author's  idea  that  the 
leaves  nught  be  cut  off  and  gathered  for  the  purpose  of  potash  manufacture,  proved 
erroneous,  in  so  far  that  the  growth  of  the  roots  was  greatly  impeded.  After  the  publica- 
tion of  M.  Dubmnfaut' s  researches  on  this  subject,  in  1838,  the  vinasse  of  the  beet-root 
molasses  distillation  was  evaporated  to  dryness,  next  calcined,  and  the  calcined  mass  refined 
for  the  production  of  potash  and  other  salts  of  that  base,  an  industry  which  has  obtained 
a  great  development,  as  may  be  judged  from  the  fact  that  the  quantity  of  these  materials 
produced  on  the  European  continent  in  1865  amounted  to  240,000  cwts. 

The  reader  who  desires  details  on  this  subject  is  referred  to  the  work,  "  On  the  Manu- 
facture of  Beet-Root  Sugar  in  England  and  Ireland,"  by  Wm.  Crookes,  F.R.S.,  &c.,  p.  25c 
€t  teq. 
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The  molasses  from  beet-root  sugar  considU,  previous  to  the  fermentation  and 
distillation,  of  the  undermentioned  substances,  as  recorded  by  the  several  analysts 
whose  names  are  subjoined  :-* 

Brunncr,    Fricke»     Lunge.        Heidenpriem, 

Water 15-2  iS'O  18^5  iy*o  197 

Sugar  . .     . ,      , .     . .       49'o  48*0  507  46'9  49'8 

Salts  and  organic  substancea     35*8  34'o  30*8  34*1  30*5 

The  following  analyses  by  M,  Heidenpriern  exhibit  the  average  composition  of  tho 
ashes  of  molasses : — 


Potassa 
Soda    . .     . . 
lime    , .     , . 
Magnesia    .. 
Carbonic  acid 


5172 
8*00 

504 

0*18 
28*90 


47-67  50*38 


11-43 
3 '60 
o*io 

27*94 


8-29 

018 
2870 


The  remainder  of  tho  100  parts  consists  of  phosphoric  and  silicic  adds,  chlorine, 
oxide  of  iron,  &c.  Tlie  quantity  of  ash  amounts  to  jo  or  12  per  cent.  According  to 
Dnbrunfaut  the  alkalimetrical  degree  of  the  ash  of  beet-root  sugar  molasses  is  a 
constant,  as  tho  ash  obtained  &om  100  grms-  of  molasses  neutralists  on  an  average 
7  grms.  of  sulphuric  acid  (HJSO4). 

Tho  molasses  is  generally  treated  in  the  following  manner :— It  is  first  diluted  vith 
either  water  or  rinasse  to  8°  or  n^  E— 1*056  or  1-078  sp*  gr.,  and  mixed  with  0*5  to 
1*5  |)er  cent,  of  a  pure  mineral  acid,  the  object  of  this  addition  butng  not  simply  the 
neutralisation  of  tho  alkab*,  but  also  tho  conversion  of  doxtrioo  and  such  unfcrment- 
able  sugar  into  fermentable  sugar.  Formerly,  sulphuric  acid  was  used,  but  upon  the 
recommendation  of  M.  Wurtz^  hydrochloric  acid  is  now  generally  employed,  the 
advantage  being  the  formation  of  readily  soluble  chlorides,  instead  of  comparative 
insoluble  alkaline  sulphurets,  the  action  of  the  organic  matter  present  in  the  molasses* 

The  diluted  molasses  is  next  mixed  with  yeast,  left  to  ferment,  and  the  alcohol 
distilled  off;  the  residue  is  a  liquid  of  about  4°13,  doiisity  [:=  1*027  ^P*  Gr^O  t'ontaining 
undecomposed  yeast,  aramoniacal  salts,  various  organic  substances,  and  all  the 
inorganic  salts  of  tho  beet-root  juice.  The  potassa  is  present  in  this  liquid  as  nitrate 
chiefly,  although  by  tho  addition  of  hydrochloric  acid  a  portion  of  tiua  salt  is  decom- 
posed, retl  nitrous  fumes  sometimes  being  soon  in  tJio  fermentation  room.  Evrard 
suggests  that  the  saltpetre  should  be  separated  from  the  beet-root  molasses  by  ova^K)- 
it^tioD,  and  further  purified  by  tho  aid  of  the  centrifugal  machine.  The  acidity  of  th« 
vinassc  is  neutmlised  by  chalk,  and  afterwards  it  is  evaporated  to  dr^-ness  in  an  iron 
vessel,  the  total  length  of  which  is  20*3  metres,  by  an  avenigo  width  of  i'6  metre, 
exteoded  at  the  top  to  2  metres,  the  depth  being  0*34  metre.  The  vessel  is  made  of 
stout  boiler  plate,  strengthened  by  stays  and  angle  irons,  and  is  divided  into  two 
divisions,  the  larger  of  which  has  a  length  of  14-3  metr'^s,  and  is  the  real  eva|X)rating 
pan,  while  the  other  is  used  as  a  calcining  furnace,  and  covered  with  an  arch  of  fire- 
bricks o'6  metro  high,  Tho  fire-pLtro  is  i"3  metre  wide,  and  the  fire-box  ha^  a 
surface  of  3-3  square  metres,  Tho  evaporation  is  effected  by  surface  heating,  that 
is  to  say*  the  flame  and  hot  gases  from  tlie  burning  fuel,  after  passing  across  the  fii*e- 
bridge  are  conducted  over  the  surface  of  the  vinasso,  the  calcining  pan  Wing  ne« 
to  tbo  fire,  .while  the  evaporating  pan  is  at  its  other  extremity  in  contact  with 
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flue  or  chimney.  The  vinasse,  having  been  run  off  from  the  9tjJl»  is  kept  in  cisterns, 
ttoxn.  which  it  ia  forced  by  means  of  a  pump  into  a  reservoir  so  placed  as  to  admit  of 
the  liquid  running  in  a  constant  stream  into  the  evaporating  pan.  At  a  first  operation 
both  the  evaporating  and  the  calcining  pan  are  filled  with  rinasse,  but  afterwanlft 
the  latter  is  filled  regularly  with  toucenti-atod  thick  liquor,  which  is  simply  carbon- 
ised»  the  organic  matter  being  only  destroyed. 

The  daily  average  of  carbonised  vinasse  is  about  5  to  5I  cwta.    Thq  compositioB. 
of  that  substance  may  be  gleaned  from  the  following  approximate  analysis  :— 
Insoluble  matter  ^  23      per  cent 

Sulphate  of  potossa  —  11*07      ,, 

Chloride  of  potassium  :=  ii'6i       t« 

Oarbonate  of  potassa  =:^  3i'40       ,, 

Carbonate  of  soda  s=  23*26       ,, 

Silicic  acid  and  hyposulphite  of  potassa   ==  traces      ,, 

99-34      » 

ermany,  the  calcined  vinasse  is  gonorally  sold  to  saltpetre  manufjictui-ers,  but 
jium  and  France  this  material  is  calcined,  lixiviated,  and  the  salts  it  contains 
separately  obtained*  For  this  purpose  tho  vinasse  is  first  evaporated  to  38'^  or  40°  B, 
(1*33  to  I -35  sp*  gr.),  and  next  carbonised  and  calcined  in  a  furnace  constructed 
as  exhibited  in  Fig.  63.  v  ia  a  reservoir  containing  the  concentrated  vinasse,  which 
by  means  of  a  tube  is  gradually  run  into  the  furnace,  of  which  G  is  the  fire-place,  m 
the  c&lcinatton  space,  destined  to  contain  the  t^oncentrated  or  carbonised  vinassot 

FiQ.  63. 


which  is  evaporated  to  dryness  and  calcined  in  M';  a  door  is  fitted  to  eaeb  eom- 
partmentt  and  at  r,  the  end  of  the  furnace  opposite  to  the  fire-place.  The  air  required 
for  the  calcination  is  admitted  partly  through  the  ash-pit,  partly  through  the 
opeoings^  B,  in  tho  brickwork.  The  thickish  liquid  vinasse  admitted  into  m'  is 
canstantly  stirred,  and,  as  soon  as  it  is  quito  dry,  it  is  shovelled  across  the  brickwork 
lidge.  A*,  into  the  calcining  space,  M>  care  being  taken  to  again  fill  m'  with  concren- 
trated  vinasse,  Tho  organic  matter  of  the  saline  mass  soon  takes  fire,  emittin£ 
noxious  fumes.  The  calcination  is  greatly  aidefl  by  the  access  of  air  at  B,  and  altwj 
to  60me  extent  by  the  nitrate  of  potassa  present.  The  temperature  has  to  bo  regulated 
to  prevent  the  salts  becoming  fused  and  farming  a  hard  compact  mass,  in  wliich  caso 
tbe  sulphate  of  potassa  would  be  reduced  to  sulphuret  of  potassium,  a  salt  which 
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could  not  be  removed.  The  calcined  yinasse,  tet^hnically  termed  satin,  contains, 
when  removed  from  the  furnace,  lo  to  25  jkt  cent,  of  insoluble  substanc^is,  yiz., 
carbonate  and  phosplmte  of  limej  more  or  less  charcoal,  and  in  addition  3  to  4  per 
rent,  moiflturo;  the  remainder  coneiste  of  carbonates  of  potash  and  soda,  stilphate  of 
potassa,  chloride  of  potassium,  and  sometimes  cyanide  of  potassium  in  runsiderablo 
quantity.  The  relntive  quantities  of  jiotassa  and  soda  ar^,  of  couj'se,  not  at  alJ 
constant,  but  vary  accortiing  to  the  soil  on  which  the  beeta  have  grown ;  it  has  been 
observed  in  France  that  the  molnsses  obtained  fivim  lieets  grown  in  the  Departement 
du  Nord  are  less  rich  in  pot^ssa  than  tbof5e  1^0 wn  in  the  Dfipartementa  de  TOiso  et 
de  la  Somme.  The  average  composition  of  the  salin  is: — 
7  to  12  per  c£mt.  of  sulphate  of  potassa. 

I S  to  20         ,,         of  cai'bonate  of  soda. 

17^0  32         ,,         of  chloride  of  potaissium. 

30  to  35        „        of  carbonate  of  pot^issa. 
The  comploto  composition  of  the  salin  may  be  gathered  from  the  following 
tabulated  refill ts:— 

Water  and  insoluble  matter .  *     ,.  26*22  19-82  17*47  ^yi^ 

Sulphate  of  potassa      .,      .,      .♦  12*95  9'S8  2*55  3*23 

Chloride  of  potissium 15*87  20*59  i8'45  i^*^^ 

Chloride  of  rubidium    ..      ..      ..  0*13  0*15  o'lS  0"2i 

Carbonate  of  sotlu  . . 25*52  rg'GG  19-22  i6'54 

Carbonate  of  potassa 23*40  29*90  42*13  50-05 

lOO'OO    lOO'OO    100*00    lOO'OO 

The  metbod  of  separating  the  soluble  salts  from  each  other,  invented  by  M,  Kulil- 
mnnn,  is  generally  executed  as  follows  :• — The  saline  mass  is  first  broken  up  and 
griuniUtted  by  tlie  aid  of  grooved  iron  rollers,  after  which  it  ia  placed  in  Hxiviation- 
tauks,  each  containing  26*4  cwts.,  and  aminged  precisely  in  the  same  manner  as 
those  in  use  in  soda  works*  The  liquor  tapped  from  the  tanks  has  a  sp.  gr.  of  i '229 
(^  27^  B.) ;  the  insoluble  residue  is  used  a«  manure.  The  liquor  having  b^n  col- 
lected in  a  large  rest^n^oir,  capable  of  containing  some  210  hectolitres,  is  concenti-ated 
by  waste  heat  {alxjdjigi'jtr  wiin/ie)  to  a  density  of  1-26  (=  30°  B.) ;  on  cooling,  the 
greater  part  of  the  eulphnle  of  polassa  crystallises,  and  is  removed,  care  being  taken 
to  wasb  off  the  adhering  mother-liquor.  The  sulphate  thus  obtmnod  contflins  80  per 
cent,  pure  potussic  sulphate,  the  rest  being  carbonate  of  potassa  and  organic  matter: 
this  material  is  converted  into  potash  by  Loblanc's  process.  The  liquor  at  30^  B.  is 
next  poured  into  evapora ting-pans,  each,  capable  of  containing  go  boctolitres,  and 
eoncsentrated  by  means  of  heat  anil  a  steam  pressure  of  3  atmospheres  {=^  45  lbs,  to 
the  square  inch)  to  a  density  of  42°  B.  (^  i'4o8).  By  this  operation  a  mixture  of 
cai'bonate  of  soda  and  sulfihate  of  potassa  ia  separated,  which  frequently  oxliibits 
30  alkalimetrical  degrees ;  t)ie  liquor  is  transfened  from  the  eva}>ora  ting -pans  tc 
crystallising  vessels,  in  which  it  b  cooled  doMTi  to  not  less  than  30°.  If,  by  careless- 
ness, the  temperature  should  fall  below  30'',  the  chloride  of  potaasaum  ct)  stols 
booomo  mixed  with  a  layer  of  carbonate  of  soda.  The  liquor  at  a  tomperatuit)  of 
30^,  and  having  a  density  of  42*  B.,  is  again  transferred  to  evaporating-paaaB>  each 
capable  of  containing  20  hectolitres,  and  evaporated 

In  winter  to  a  sp.  gr.  of  i*494  (=48'  B.),  and 
In  summer  to  a  gp.  gr,  of  i"5i  (=  49*  B.) 
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By  this  operation  sodic  carbonate  separates,  the  first  and  purer  portions  of  which 
are  of  82  alkalimetrical  degrees,  and  the  last  of  50°  only.  After  the  separation  of 
the  salt,  the  remaining  liquor  is  poured  into  small  crystallising  vessels,  each  capable 
of  holding  2  J  hectolitres,  and  having  been  left  standing  for  some  time,  fields  in 
each  vessel  about  130  kilos,  of  a  crystalline  salt,  mainly  composed  according  to  the 
formula  (KaC03  +  Na,C03+  12H3O).  The  remaining  mother-liquor,  when  evapo- 
rated to  dryness  and  calcined,  ^delds  a  semi-refined  potash,  tinged  "^-ith  red  by  oxide 
of  iron.  This  product  is  again  lixiviated  with  water,  and  the  liquor  having  been 
concentrated  to  1-51  to  1*525  sp.  gr.  (=  49°  to  50"  B.),  deposits  a  largo  quantity  of 
sulphate  of  potassa  and  carbonate  of  soda.  The  mother-liquor  having  been  again 
evaporated  and  calcined,  yields  a  potash  consisting  in  100  parts  of — 

Carbonate  of  potassa        91*5 

Carbonate  of  soda 5*5 

Chloride  of  potassium  and  sulphate  of  potassa  . .      . .       3'o 

lOO'O 

The  carbonate  of  soda  possessing  a  strength  of  80  to  85  alkalimetrical  degrees  is 
refined  by  being  washed  with  a  very  concentrated  aqueous  solution  of  sodic  carbonate, 
and  thus  brought  to  a  strength  of  fully  90  alkalimetrical  degrees. 

The  sulphate  of  potassa,  chloride  of  potassium,  and  the  double  salt  of  the  two 
carbonates,  are  purified  and  re-crj'stallised.  The  following  analyses  exhibit  the 
composition  of  refined  potash  obtained  from  beet-root  sugar  molasses  : — 

a.  h,  c. 

Carbonate  of  potassa      8873  94"39  89*3 

Carbonate  of  soda 6*44  traces  5*6 

Sulphate  of  potassa 2*27  0*28  2*2 

Chloride  of  potassium i*oo  2*40  1*5 

Iodide  of  potassium        0*02  o'li  — ^ 

"Water        1*39  176  — 

Insoluble  substances       o'i2  —  — 

a  and  h  are  from  Waghausel  in  Baden  ;  c  is  doubly  refined  French  i)otash.  The 
crude  potash  from  beet-root  sugar  works,  a  product  not  to  be  confused  with  sah'ny 
la  composed  as  follows : — 

a.  h.  c.  d.  e. 

Carbonate  of  potassa   . .     53*9  79*0  76*0  43*0  32*9 

Carbonate  of  soda        . .     23*1  14-3  16*3  17-0  18-5 

Sulphate  of  potassa     ..       2*9  3*9  1*19  47  i4'o 

Chloride  of  potassium- . .     19*6  28  4*16  i8'o  i6-o 

a  is  French  product ;  6,  from  Valenciennes  ;  c,  from  Paris ;  cZ,  Belgian  ;  e,  from 
Magdeburg,  Prussia. 

'^^alS-SeeSl^*"  YI.  Potassa  salts  are  obtained  in  large  quantities  from  various 
sea- weeds,  as  a  by-product  of  the  manufacture  of  bromine  and  iodine.  The  three 
following  methods  are  employed  for  this  purpose : — 

a.  The  old  calcination  method,  consisting  in  a  complete  reduction  of  the  weeds  to 
ash,  and  the  methodical  lixiviation  of  that  product,  so  as  to  obtain  various  salts  by 
crystallisation. 

b.  The  carbonisation,  or  Stanford's  method,  consisting  in  the  dry  distillation  of 
xh*^  weeds  to  convert  them  into  a  carbonaceous  mass,  afterwards  lixiviated,  while 
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products  aro  mmultanoously  ubtained,  UiQ  sale  of  which  considerahly  leesena  tiio  cost 
of  thjD  preparation  of  the  potassa  salts. 

c,  A  third  modo  of  treatmont,  that  of  Kemp  and  WaDace,  consisUng  in  boiling  tho 
weeds  with  water,  evaporating  tho  golutiun,  and  carefully  incinerating  the  residue* 

The  oldest  metliod  is  still  the  mosft  generally  employed  in  Fmnco,  on  the  cofists 
of  Brittany  and  Lower  Normandy,  espocially  in  tlie  neighbourhood  of  Brest  and 
Cherbourg,  and  in  Scotland  ;ind  Ireland, 

The  process  is  mainly  conducted  as  follows :— After  drying  in  the  air,  the  plants  awj 
incinerated,  the  result  of  wliich  is  the  formation  of  a  black  seiui-fuijod  mass,  which 
in  France  is  termed  Vnrech  or  FnitV,  and  in  England  and  Scotland  is  known  as  htlp, 
A  distinction  is  made  between  the  kelp  obtained  by  the  incineration  of  the  weeds, 
Fucm  terraim  and  Faca^  uodosm,  found  on  rocks  near  tho  aea  coast,  and  the  kelp 
obtained  from  the  plant  hotanically  known  as  Laminaria  digitaia,  thrown  upon  the 
coast  duiing  tlie  etorais.  Tlie  lattei^  is  richer  in  potassa  salts,  but  contains  much 
less  iodine ;  it  is  found  plentifully  on  the  western  coast  of  Scotland  and  Ireland, 
while  on  tho  eastern  coast  of  tho  British  Isles  the  other  weed  ia  the  chief  source  of 
kelp  I  haTing  an  average  composition  of: — 

Insoluble  naattere  .               . .      . .       57'ooo 

Sulphate  of  soda    .        io'203 

Chloride  of  potassium  , .      **      ,      . .  13*476 

Chloride  of  sodium       , j6*oi8 

Iodine 0600 

Other  salts      ♦ . . .     . ,  2*703 

•  100*000 

The  Ijeat  kelp  met  with  in  commerce  is  taat  from  tho  island  of  Rathlin,  the  valuo 
at  Glasgow  amounting  to  £7  ro«,  to  ilio  loe,  per  ton  of  22.^  cwts. :  while  Oalway  kelp 
is  valued  at  only  £2  or  £3  per  ton,  owing  to  the  large  quantity  of  salt  it  contains 
12  tons  of  niuiat  sea-weed  yield : — 

Medium  kelp,,      ,.      .  i  ton. 

(Iilorido  of  potassium .  5  to  6  ewts. 

Sulphate  of  potassa       3  cwts, 

Tho  Scotch  modo  of  treating  kelp  is  briefly  tho  following :— Tho  material  la 
first  broken  into  small  lumps,  and  put  in  largo  ii-on  c^iuldrous,  hot  water  being 
added  to  exhaust  all  the  sohiblo  matter.  This  opcmtion  follows  the  method  of 
the  manufftcture  of  soda  from  common  salt,  to  be  presently  considered.  The  water  is 
first  made  to  act  upon  nearly  exhausted  kelp,  and  at  last  with  quite  fresh  kelp, 
until  a  liquid  is  produced  marking  36"*  to  40"  Twaddlers  r 28  to  1*20  sp.  gr.  The 
iiusolublo  residue  contains  chiefly  silica,  f»atid,  carbonate  of  lime,  carbonate  of 
magnesia,  its  sulphates  and  phosphates,  and  particles  of  charcoal,  and  is  use^  for 
bottle-glaas  miinufacture.  The  liquor  fr<:>m  tho  kelp  is  evaporated  in  large  ca^t-ifoii 
semi-globular  cauldrons  by  the  tlirect  action  of  a  coal  fire,  and  contains  chiefly 
chloride  of  potassiiun,  a  compamtivcly  small  qiiaaiity  of  chloride  of  sodium,  sulphat4? 
and  carbonate  of  pota«sa,  carbonate  of  soda,  some  iodide  of  potas.'iium,  sulphui*et  oi 
potassium,  and  dithionito  of  potassium  and  sodium.  The  mode  of  separating  these 
salts  from  each  other  is  based  upon  their  varying  solubility  in  water,  and  is  therefore 
conducted  by  isltemttte  evapomtion  and   co<»ling.    As  tlie  sulphate  of  potassa  is 
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the  least  soluble,  it  falls  to  the  bottom  of  tho  cauldron  during  the  first  evaporation, 
and  is  collected  by  the  workmen  by  means  of  perforated  ladles,  and  brought  into  the 
trade  as  plate  aiUphate,  After  this  salt  has  been  collected  the  liquid  is  run 
into  coolers,  in  which  the  greater  bulk  of  the  chloride  of  potassium  crystallises ;  tho 
mother-liquor  from  these  crystals  is  again  transferred  to  the  evaporator,  and  by 
the  continued  application  of  heat,  and  consequent  concentration  of  the  liquid,  the 
common  salt  is  separated.  It  should  be  borne  in  mind  that  common  salt  is  scarcely 
more  soluble  in  hot  than  in  cold  water,  while  the  solubility  of  most  other  salts 
ia  greatly  increased  by  a  higher  temperature ;  it  is  therefore  possible  to  push 
the  evaporation  and  concentration  to  the  point  of  incipient  precipitation  of  the 
chloride  of  potassium,  the  common  salt  being  then  ladled  out  of  the  cauldron, 
and  the  liquid  again  run  into  tho  coolers  in  order  to  obtain  another  deposit  of 
chloride  of  potassium,  always  more  or  less  contaminated  with  common  salt.  This 
operation  is  repeated  four  times ;  the  first  crop  of  chloride  of  potassium  contains 
from  86  to  90  i)er  cent,  of  this  salt,  the  remainder  is  chiefly  sulphate  of  potassa ;  the 
second  and  third  crop  yield  a  very  pure  salt,  96  to  98  per  cent,  of  chloride  of 
potassium ;  the  fourth  crop  contains  some  sulphate  of  soda  mixed  with  the  chloride 
of  potassium.  The  liquor  left  after  the  fourth  crystallisation  having  a  sp.  gr.  =  i  '33  to 
1*38  =  66<*  to  76**  Twad.,  and  containing  among  other  compounds  sulphate  of  soda, 
solphurets  and  hyposulphites  of  the  alkalies,  alkaline  carbonates,  and  iodide  of 
potassium,  is  not  submitted  to  further  evaporation,  but  having  been  poured  into 
shallow  vessels  placed  in  the  open  air  is  mixed  with  dilute  sulphuric  acid,  sulphu- 
retted hydrogen  and  carbonic  acid  gases  being  largely  evolved,  while  in  consequence 
of  the  decomposition  of  the  polysulphurets  and  hyposulphites,  a  thick  foam  of  pure 
sulphur  appears  on  the  surface  of  the  liquid.  This  sulphur  is  ladled  off,  and  after 
having  been  washed  on  filters  and  dried,  is  sold.  Almost  as  soon  as  the  evolution  of 
gas  ceases,  there  is  added  to  the  liquid  more  sulphuric  acid  and  some  manganese, 
and  the  mixture  treated  for  the  preparation  of  iodine  {quod  vide).  In  order  to  guard 
against  loss  of  valuable  substances  by  volatilisation  during  the  crude  and  imperfect 
mode  of  incineration,  it  has  been  tried  to  simply  carbonise  the  weeds  (Stanford's 
method).  The  weeds  are  first  dried  and  strongly  pressed  into  the  shape  of  peat 
blocks ;  these  are  submitted  to  dry  distillation  in  retorts  arranged  similarly  to  those 
in  gas-works.  The  products  of  the  dry  distillation  collected  in  the  usual  manner 
contain  in  100  parts  of  fresh  weed : — 

68*5  to  72*5  parts  of  Ammoniacal  liquor, 
4-0     „  Tar, 

7*o  to  7'5     ,,  Carbonised  weed,  or  coke- weed, 

2'o  to  2*5     ,,  Illuminating  gas. 

The  coke  contains  33  per  cent,  carbon,  the  reir.ainder  consisting  of  alkaUnb  and 
earthy  salts;  the  volatile  products  of  the  distillation  are  treated  for  paralfin, 
photogen,  acetic  acid,  and  ammoniacal  salts,  the  gas  being  used  for  lighting 
purposes.  Although  Mr.  Stanford's  mode  of  treatment  is  undoubtedly  rational, 
there  are  difficulties  in  its  practical  execution  which  have  prevented  its  adoption  in 
Scotland  as  well  as  in  France.  The  quantity  of  potash  salts  obtained  from  sea- 
weeds in  the  year  1865  amounted,  according  to  M.  Joulin,  to  a  total  of  2,700,000 
kilos.,  of  which  the  United  Kingdom  produced  1,200,000  kilos.,  the  remainder 
being  produced  by  France. 
Since*  the  production  of  chloride  of  potassium  at  Stassfiirt  and  Kalucz  has 
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become  so  extenaiTe,  the  productioii  of  potusfia  salts  from  sea-weeds  is 
consoquoaco. 

Fatiuu  ^it«  from  Kuinu  YIL  The  fact  is  well  known  that  sheep  whilo  browsing 
abstract  a  considerable  amount  of  potassa,  which,  alter  Laving  passed  into  the  blood 
and  tissues,  is  sweated  through  the  skin,  and  deposited  on  the  wool  as  suint. 
Professor  GheTreuUs  researches  have  proved  that  suint  constitutes  nearly  the  third 
part  of  the  weight  of  crude  merino  wool,  whilo  the  soluble  portion  of  the  suint 
coosists  of  the  i>otassa  salts  of  a  latty  acid,  potuasic  sudorate  {suhdate  de  poUuse). 
According  to  Messrs.  lieich  and  Ulbricht,  tho  fatty  acids  of  suint  aro  compounds  of 
oleic,  stearic,  and  probably  palmitinic  acidt*.  The  better  wool  contains  more  euint 
than  the  coarser  kinds ;  on  an  average  the  quantity  of  suint  amounts  to  15  per  cent 
of  the  weight  of  the  fleoco. 

Since  the  year  i860,  and  based  upon  the  reseai-chea  of  MM.  Maumene  and 
Eogolet,  the  nmnufucture  of  potash  salts  from  t]ie  wash-water  of  the  crude  wool  has 
become,  in  the  centres  of  the  French  woollen  manufacture  (Rheims,  Elbceuf,  Four- 
mies)  an  industrial  branch*  The  wash-water  is  valued  accuiding  to  its  degree  of 
concentration ;  1000  kil(»8.  of  wool  yielding  a  liquid  wluch,  according  to  M.  Chan- 
del  on,  has  a  sp.  gr*  of  t'oj,  is  paid  for  at  the  rate  of  5  francs  48  cents. ;  at  a  sp.  gr. 
of  i'05,  at  the  rate  of  10  francs  45  eenta. ;  sp.  gr.  i'25,  18  francs  47  cents.  The 
liquid  is  evaporated  to  drj'nesa,  the  carbonaceous  residue  put  into  gas  retorts,  and 
heated  to  redness,  the  result  being  the  formation  of  carburetted  hydrogen  gas  and 
ammonia,  which  having  been  eliminated,  the  gas  is  used  for  illuminating  purposes. 
The  coke  left  in  the  retorts  is  lixiviated  with  water  to  obtain  the  soluble  salt 
chloride  of  potassium,  carbonate  and  sulphate  of  potaasa,  which  ijre  separat 
from  each  other  b}''  methods  already  described. 

The  residue  left  after  the  lixiviation  with  water  contains  earthy  matter  mixed  with 
csharcoal  so  very  finely  divided  that  it  can  be  used  as  black  paint.  According  to 
MM.  Maumen^  and  Hogelet,  a  tieect)  weighing  4  kilos,  contains  600  grms.  of  suint, 
capable  of  yielding  198  grma.  of  pure  carbonate  of  potassa;  according  to  M.  Fuchs, 
however,  the  quantity  of  suint  only  amounts  to  300  grms.,  containing — 
Sulphato  of  potassa    , ,  . ,       7-5  grms.  :=        2*5  per  cent. 

Qirbonate  of  potassa i33'5     n       ^      44"5    tt      n 

Chloride  of  potassium        ..      ..       9*0     ,,       =:        3*0  ,,      „ 
Organic  matter iso'o    ,,       ==      50*0  ,,      „ 

300*0  ,,  =  JOO.O 
It  appears  that  the  woollen  industry  of  Eheims,  Elba'uf,  and  Fourmios  consumee 
annually  27  million  kilos,  of  wool,  the  produce  of  6,750,000  sheep.  According  to 
MM.  Maumene  and  Itogelet  this  quantity  of  wool  wUl  yield  1,167,750  kilos,  of 
potash,  representing  a  money  value  of  £80,000  to  £yo,ooo,  Accoixling  to  M.  P.  HaTroK» 
at  Venders,  Belgium,  suint  is  more  advantageously  worked  up  for  the  manufacture  4 
carbonate  of  potusRa  und  yellow  pi-ussmte  of  potaM^a  than  for  carbonate  of  pot 
alone.  Suint  has  been  recently  (1869)  chemically  investigated  by  MM.  Marker  and 
Schul^e  (see  Jotim.  fur  Prakt.  Chemie,  vol.  103,  pp.  193 — 208),  It  is  clear  that 
the  prtnluction  of  potash  from  the  wash-water  of  sheep's  wool  can  only  be  curried  out 
in  the  centit»s  of  woollen  industry ;  the  sheep- farmers  will  always  do  better  to  return 
the  wash- water  and  potash  compoimds  it  contains  to  the  soil  from  which  the  animals 
have  taken  it.     In  an  industrial  point  of  \'iew  the  extensive  importation  of  foreign 
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trool,  especially  from  Australia  and  the  Capo,  is  of  groat  importanco.  In  i86f8  there 
were  imported  into  the  United  Kingdom  from  those  countries  63  million  kilos,  of 
wool,  containing  one- third  of  its  weight  of  suint,  from  which  between  7  and  8  kilos, 
pure  potash  could  have  been  obtained,  representing  a  money  value  of  about  £260,000. 

t^paration  of  Purified  Potash. — ^The  potash  formerly  obtained  by  the  lixiviation 
of  wood-rash  was  mainly  a  mixture  of  carbonate,  sulphate  of  potassa,  and  chloride 
of  potassium,  the  value  of  each  of  these  salts  being  of  course  very  different.  At  the 
present  time,  in  consequence  of  the  production  of  pure  carbonate  of  potassa  from 
vinasse,  it  has  become  necessary  to  treat  the  crude  liquor  obtained  by  the 
lixiviation  of  wood-ash  methodically,  so  as  to  obtain  the  salts  separately  in  as  pure 
a  state  as  possible. 

The  carbonate  of  potassa  used  in  chemical  and  pharmaceutical  laboratories  was 
formerly  obtained  by  the  ignition  of  cream  of  tartar  or  a  mixture  of  that  salt  with 
nitre,  as  well  as  by  the  ignition  of  acetate  of  potassa ;  at  the  present  time  it  is  pre- 
pared by  the  careful  ignition  of  nitrate  of  potassa  with  an  excess  of  charcoal,  or  by 
the  ignition  of  bi-carbonate  of  potassa.  In  England  carbonate  of  potassa  is  manu- 
fieustnred  on  the  large  scale,  the  pure  salt  being  used  in  the  manufacture  of  flint- 
glass,  this  glass  owing  its  great  superiority  and  perfect  want  of  colour  to  the 
application  of  very  pure  materials  in  its  manufacture.  The  preparation  is  pure 
crystallised  carbonate  of  potassa,  containing  from  16  to  18  per  cent,  water,  equal  to 
somewhat  less  than  2  molecules,  the  second  molecule  being  partly  expelled  by  the 
heat  applied  in  the  manufacture.  This  salt  is  met  with  in  the  trade  in  small 
cubical  crystals ;  the  raw  material  used  in  its  preparation  is  American  pearl-ash, 
which,  after  having  been  mixed  with  sawdust  for  the  purpose  of  converting  the 
caustic  alkali  and  sulphuret  of  potassium  into  carbonate  of  potassa,  is  ignited  and 
fused  in  a  reverberatory  furnace,  constructed  like  those  used  in  the  manufacture  of 
soda.  When  cold  the  fused  mass  is  treated  with  water,  and  the  clear  liquor  having 
been  decanted  from  the  sediment,  is  evaporated  to  dryness  in  a  reverberatory  furnace ; 
the  greyish-black  mass  thus  obtained  is  again  lixiviated  with  water,  and  the  opera- 
tion repeated.  The  white  saline  mass  from  the  third  ignition  is  again  dissolved  in 
water,  and  gently  evaporated  until  the  sulphate  of  potassa  crj^stallisos  out ;  the 
mother-liquor  left  is  next  evaporated  until  a  sample  yields  on  cooling  a  salt  of  the 
composition  mentioned  above.  If  this  salt  is  further  ignited  all  the  water  is 
expelled,  and  a  dry  white  granular  mass  left.  The  specific  gravity  of  carbonate  of 
potassa  solutions  at  150  is,  according  to  Dr.  Gerlach— 


Percentage. 

Sp.gr 

Percentage. 

Sp.gr. 

I 

I -009 

30-000 

I -3010 

2 

roi8 

35-000 

1-3580 

4 

1-036 

40-000 

1-4180 

5 

I -045 

45'ooo 

1-4800 

10 

1-092 

50*000 

1*5440 

15 

1-141 

51-000 

1*5570 

20 

1-192 

52-000 

1*5704 

25 

1*245 

52-024 

1*5707 

ckmcsePoum.  Preparation  of  Caustic  Potassa. — Caustic  potassa,  hydroxide  of 
potassium,  KHO,  consists  in  100  parts  of  83-97  of  potassa  or  dry  oxide  of  potassium, 
and  16*03  of  water.    Caustic  potassa  is  prepared  on  the  large  scale  in  England. 
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The  raw  Tnaterial  for  this  preparation  is  always  a  cmdo  earbonato  of  potaa 
obtoJTicd  from  chloride  of  potaasium,  c^nmllito  from  Btassfurt,  vinasse,  or  wiy 
other  source.  The  crado  carbonate  is  lixiviated  with  water,  and  tho  liquor  rendered 
oaustic  with  quick-lime.  A  moro  advantageous  method  of  preparing  caustic 
potassa  IB  to  mix  sulphato  of  potusBa  with  limestone  and  small  coal,  in  &uj]idently 
largo  quantitiee,  and  to  ignite  this  mixture  in  a  fumaco.  The  orudo  material  is, 
after  coolings  liativiated  with  water  at  500,  yielding  at  onco  raw  caustic  potassa 
liquor,  which  does  not  require  any  iiirther  nddition  of  Hme.  The  liquor  is  put  into 
a  steam-boiler  and  evaporated  to  a  sp.  gr.  =:  i'25 ;  it  is  next  evajiox-ated  to  dryness 
in  open  pans,  the  foreign  salts  which  separate  being  removed.  Caustic  potasia  is 
employed  for  the  convcr««ion  of  soda- saltpetre  into  potasaa-sahpetri:»,  and  with 
<!austic  soda  for  tho  manufacture  of  oxalic  acid  from  sawdust.  The  following 
reactions,  yielding  caustio  potassa,  deser\-e  a  brief  notice :— i.  Decomposition  of  sul- 
phate of  potassa  by  means  of  caustic  baryta,  s.  Conversion  of  chloride  d 
potsasium  into  silico-fluorido  of  potassium,  and  decomposition  of  that  salt  by  means 
o£  caustic  lime.  3.  Ignition  of  potassic  nitrate  with  thin  sheet- copper.  The  fol* 
lowing  table  exhibits  the  quantity  of  potassa  contained  in  solutions  of  that 
•ubstance  of  varyiiig  specific  gravity  ; — 
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24 

16*3 
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28 
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32 
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53 
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vm 

57 
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Saltpetre,  Nitrate  of  Pptassa, 
(KNO3  =:  ioi"3.    In  100  parts,  46^5  parts  potassa,  and  53*5  parts  nitric  acid-) 

^«ipme.  llus  salt  is  to  some  extent  a  native  as  well  as  a  chemical  product 
well-known  flooculent  substance  often  observable  on  walls,  especially  thoso 
stables,  is  composed  in  a  great  measure  of  nitrates ;  a  similar  phenomenon  is  1 
in  subterranean  excavations,  and  even  in  many  locahties  the  surface  of  tho  soil  1 
covered  with  an  efflorescent  saline  deposit,  consisting  largely  of  nitrate  of  pob 
These  deposits  are  most  common  in  Spain,  Jlungary,  Egyj)t,  llindostan,  on  1 
banks  of  the  Ganges,  in  Ceylon,  and  in  some  parts  of  South  America,  as  at  Tacunga 
in  tho  State  of  Ecuador ;  while  in  Chili  and  Peru  nitrate  of  soda,  so-caUod  Chili 
saltpetre,  is  found  in  very  largo  quantities  under  a  layer  of  clay,  the  deposit 
extending  over  a  tract  of  land  some  150  miles  in  length, 

opcnrmet  of  3i«ar«  Although  tiati?o  ealt^^etre  is  met  with  under  a  variety  of  eoiidltiiM)% 
lUitfwtK.  they  idl  agree  in  thi*  partioiiljir,  that  the  salt  is  form«l  under  the 
mflncnco  of  organic  matter.  As  already  stated,  Uie  salt  oorers  the  eoil,  forming  an 
clfloreocence,  which  increasos  in  abundaiiioe,  and  which  if  remoTed  has  its  place  sup^ud 
in  a  short  time.  In  this  manner  saltpetre,  or  nitre  as  it  is  sometimes  caUodi  is  obtained 
from  the  slimy  mad  dopo«iitcd  hy  tlio  inundutlotiis  of  the  Ganges,  and  in  Bpain  from  tha 
UxiriAtion  of  the  soil*  which  can  be  afterwards  doroled  to  the  raising  of  com,  or  arrangr^d 
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in  saltpetre  beds  for  the  regular  production  of  the  salt.  The  chief  and  main  condition 
of  the  formation  of  saltpetre,  which  succeeds  equally  in  open  fields  exposed  to  strong 
sunlight,  under  the  shade  of  trees  in  forests,  or  in  caverns,  is  the  presence  of  organic 
matter,  viz.,  Humus,  inducing  the  nitre  formation  by  its  slow  combustion ;  the  collateral 
conditions  are  dry  air,  little  or  no  rain,  and  the  presence  in  the  soil  of  a  weathered 
crystalline  rock  containing  feldspar,  the  potassa  of  which  favours  the  formation  of  the 
nitrate  of  that  base.  All  the  known  localities  where'  the  formation  of  nitre  takes  place 
naturaUy,  including  the  soil  of  Tacunga,  formed  by  the  weathering  of  trachyte  and 
tofstone,  are  provided  with  feldspar.  The  nitric  acid  is  due  to  the  slow  combustion  of 
nitrogenous  organic  matter  present  in  the  humus,  it  ha\-ing  been  proved  that  the  nitric 
acid  constantly  formed  in  the  air  in  enormously  large  quantities  by  the  action  of 
electricity  and  ozone,  as  evidenced  by  the  investigations  of  MM.  Boussingault,  Millon, 
Zabelin,  Schonbein,  Froehde,  Bottger,  and  Meissner,  has  nothing  whatever  to  do  with 
the  formation  of  nitre  in  the  soil,  a  fact  also  supported  by  Dr.  Goppelsroder's  discovery 
of  the  presence  of  a  small  quantity  of  nitrous  acid  in  native  saltpetres.  • 

^^'^gJitJJui!**^  The  mode  of  obtaining  saltpetre  in  the  countries  where  it  is  naturally 
formed  is  very  simple,  consisting  in  a  process  of  lixiviation  with  water,  to  which 
frequently  some  potash  is  added  for  the  puqwse  of  decomposing  the  nitrate  of  lime 
oocurring  among  the  salts  of  the  soil,  the  solution  being  evaporated  to  crj'stallisation. 
Soils  yielding  saltpetre  are  termed  Gay  earth  or  Gay  saltpetre.  The  process  by 
which  nitrate  of  potassa  is  naturally  formed  is  imitated  in  the  artificial  heaps 
known  as  saltpetre  plantations,  formerly  far  more  general  than  at  the  present 
time,  it  having  been  found  that  the  importation  of  Indian  saltpetre,  and  the 
manufacture  of  nitrate  of  potassa  by  conversion  from  nitrate  of  soda,  are  cheaper 
sources.  Thus,  saltpetre  beds  are  to  be  met  with  only  under  peculiar  conditions,  as, 
for  instance,  in  Sweden,  where  all  landed  proprietors  are  required  to  pay  a  portion 
of  their  taxes  in  saltpetre. 

The  mode  of  making  these  plantations  may  be  briefly  described  as  follows : — Materials 
containing  much  carbonate  of  lime — for  instance,  marl,  old  building  rubbish,  ashes,  road 
scrapings,  stable  refuse,  or  mud  from  canals — is  mixed  with  nitrogenous  animal  matter, 
all  kinds  of  refuse,  and  frequently  with  such  vegetable  substances  as  naturally  contain 
nitrate  of  potassa,  such  as  the  leaves  and  stems  of  the  potato,  the  leaves  of  the  beet, 
sunflower  plants,  nettles,  &c.  These  materials  are  arranged  in  heaps  of  a  pyramidal 
shape  to  a  height  of  2  to  2\  metres,  care  being  taken  to  make  the  bottom  impervious  to 
water  by  a  well  puddled  layer  of  clay,  the  heap  being  in  all  directions  exposed  to  the 
action  of  the  atmosphere,  the  circulation  of  which  is  promoted  through  the  heap  by 
layers  of  straw.  The  heap  is  protected  from  rain  by  a  roof,  and  at  least  once  a  week 
watered  with  lant  (stale  urine).  The  formation  of  saltpetre  of  course  requires  a  considerable 
length  of  time,  but,  when  taught  by  experience,  the  workmen  suppose  a  heap  ripe,  the 
watering  is  discontinued,  the  salt  containing  saltpetre  soon  after  eftlorescing  over  the 
sorfaoe  of  the  heap  to  6  to  10  centims.  in  thickness;  this  layer  is  scraped  otf,  and  the 
operation  repeated  from  time  to  time  imtil  the  heap  becomes  decayed  and  has  to  bo 
entirely  removed.  In  Switzerland  saltpetre  is  artificially  made  by  many  of  the  farmers, 
simply  by  causing  the  urine  of  the  cattle,  while  in  stable  in  the  winter  time,  to  be 
absorbed  by  a  a  calcareous  soil  purposely  placed  under  the  loose  flooring  of  the  stables, 
which  are  chiefly  built  on  the  slope  of  the  mountains,  so  that  only  the  door  is  level 
with  the  fiarth  outside,  the  rest  of  the  building  hanging  over  the  slope,  and  being  supported 
by  stout  wooden  poles ;  thus  a  space  is  obtained,  which,  freely  admitting  air,  is  filled 
with  marl  or  other  suitable  materiaL  After  two  or  three  years  this  material  is  removed, 
lixiviated  with  water,  mixed  with  caustic  lime  and  wood  ash,  and  boiled  down.  The  liquor 
having  been  sufficiently  evaporated,  is  decanted  from  tlie  sediment  and  left  for  crystalli- 
sation ;   the  quantity  of  saltpetre  varying  from  50  to  200  lbs.  for  each  stable. 

^'^^JJTtre  ELrth^****  The  crude  salt  from  the  heaps  is  converted  into  potassic  nitrate 
by  the  following  processes  : — a.  The  earth  is  lixiviated  with  water,  this  operation 
being  known  as  the  preparation  of  raw  lye.  h.  The  raw  lye  is  broken,  that  is  to 
say,  it  is  mixed  with  a  solution  of  a  potash  salt  in  order  to  convert  the  nitrates  of 
magnesia  and  lime  present  into  nitrate  of  potassa.  c.  Evaporation  of  this  liquor 
to  obtain  crude  crystallised  saltpetre,     d.  Eefining  the  crude  saltpetre. 
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/Nitrate  of  potaBsa»  4KNO3* 
yield  i  Carbonate  of  lime,  CaCOj. 

I  CsirLoDate  of  magnesia,  MgC03, 


^SStje!"'      "^^  ^^V^  earth  is  Uxi%^atGd  to  obtain  all  the  valuable  aolablia  Iubwhwi 

it  being  expedient  to  use  as  little  water  aa  possible  in  order  to  saTO  fiijel  in  fha 

mbseqnent  evaporation,  for  which  the  liquor  i^  ready  when  it  contains  Arom  12  to 

13  per  cent,  of  soluble  salts. 

®Ti»*iJ!.****    The  raw  lye,  sometimes  known  as  soil  water,  oontaina  the  nitrates 

of  lime,   magnesia,  potassa,   soda,   the  chlorides    of  calcium,   magnesium,    and 

potassium ;   also  ammoniacal  salts  and  organio  matter  of  vegetable  oa  well  as  of 

ammol  origin.    In  order  to  convert  the  nitrates  of  Hmo  and  magnesia  into  nitrate 

of  potassa,  the  raw  lye  is  broken  up  aa  it  is  termed,  that  is  to  say,  thei-e  is  added  to 

it  a  solution  of  i  poit  potassie  carbonate  in  2  parts  water  :^ — 

Nitrato  of  Mme,  Ca(N03),  v 

Kitrate  of  magnesia,  Mg(N03)j 

Carbonate  of  jwtasaa,  3X^003 

The  chlorides  of  calcium  and  magnesium  are  also  decomposed,  being  converted 

into  carbonates,  while  chloride  of  potassium  is  formed.    The  addition  of  the  solution 

of  potflssa  to  the  raw  lye  is  continued  as  long  as  a  precipitate  is  formed ;   in  order, 

however,  to  have  some  approximative  idea  of  the  quantity  of  carbonate  of  potash 

which  may  be  required,  a  test  experiment  is  made  with  J  Utro  of  the  raw  lyo. 

Sometimes  sulphate  of  potaesa  is  used  instead  of  Uio  caibonate,  but  in  that  eiiso 
the  magnesia  salts  of  the  haw  lyo  have  first  to  be  decomposed  by  milk  of  lime,  an 
operation  which  has  to  bo  followed  by  the  evap<;pration  of  the  fluid.     If,  after  Ihis, 
sulphate  of  potasaa  is  added,  sulphate  cf  Hme  is  precipitated — 
[Ca(N03),+KaS04  =  2KN03+CaS04]. 
When  chloride  of  potassium  is  used  for  the  decomposition  of  raw  lye,  the  salts  of 
magnesia  are  first  removed  by  the  addition  of  milk  of  limo;   and  the  clear  super- 
natant fluid  having  been  decanted  from  the  sediment,  there  is  added  a  mixture  of 
equal  molecules  of  chloride  of  potassium  and  sulphate  of  soda,  the  result  being  the 
formation  of  gypsum,  while  the  sodic  nitrate  generated  exchanges  with  the  chloride 
of  potassium,  carrying  over  to  the  latter  the  nitric  acid,  and  taking  up  the  dilorine 
to  form  common  salt. 
**»'5*/lTI*^    The  clarified  raw  lyo  decanted  frem  Ibo  precipitate  of  the  earthy 
carbonates  consists  of  a  solution   in   which  there  are  present  tho  chlorides  cf 

potassium  aud  sodium,  nitmto  of  potassttt 
carbonate  of  auiraonia,  excess  of  potassie 
carbonate,  and  colouring  matter.  The  boiling 
down  of  tliis  liquid  is  effected  in  copier 
cauldrons,  Fig,  64,  so  set  in  the  fiynaco  as 
tt)  admit  of  the  circulation  of  the  hot  air  and 
emoke  fnjm  the  fire*place,  passing  by  e  c 
bulow  tho  heating  pan,  and  thence  by  g  into 
the  chimney.  In  some  works  this  waste 
heat  is  utilised  in  dr^'ing  the  saltpetre  fiour. 
As  the  bulk  of  the  fluid  in  tho  cauldron 
decreuses  by  evaporation,  fresh  lye  enters  by 
moans  of  a  pipe  and  tap  from  tho  pan,  l>. 
About  the  third  day  tho  alkaline  chlorides  l)egin  to  be  depoBited,  and  the  workmen 
havo  then  to  take  great  otura  to  prevent  these  salts  from  bocoming  what  is  teolmically 
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termed  burnt,  which  might  give  rise  to  serious  explosions,  and  for  this  purpose  the 
liquid  is  stirred  with  stout  wooden  poles.  After  each  stirring  the  loose  saline  matter 
is  removed  from  the  boiling  liquid  by  means  of  perforated  copper  ladles.  However, 
as  a  hard  deposit  is  always  formed,  a  peculiar  arrangement  exhibited  in  Fig.  64, 
consisting  of  a  shallow  vessel,  7n,  suspended  by  a  chain,  A:,  and  weighted  with  a  piece 
of  stone,  is  lowered  into  the  middle  of  the  cauldron  to  about  6  contims.  from  the 
bottom,  the  object  being  to  catch  the  solid  particles,  which  would,  when  aggregating, 
form  an  incrustation,  previously  to  their  reaching  the  bottom  of  the  vessel ;  and  as 
no  ebullition  takes  place  at  m,  the  particles  once  deposited  remain  there,  and  can  be 
readily  removed  by  raising  the  dish  out  of  the  cauldron,  and  emptying  it  into  a  box 
placed  over  the  cauldron,  the  bottom  of  the  box  being  perforated  to  admit  of  any 
liquor  which  may  hifve  been  raised  with  the  solid  salt  to  return  again  to  the 
cauldron.  The  deposit  thus  removed  consists  chiefly  of  gypsum  and  carbonate  of 
lime. 

When  a  portion  of  the  impurities  contained  in  the  boiling  liquid  Lave  been 
removed,  the  raw  lye  still  frequently  contains  some  chloride  of  sodium,  as  this  salt  is 
not,  as  is  the  case  with  nitre,  more  soluble  in  boiling  than  in  cold  water.  The 
abundant  crystallisation  of  the  saltpetre  is  a  sign  that  the  lye  has  been  sufficiently 
evaporated ;  in  order,  however,  to  prove  this,  a  small  sample  is  taken,  and  if  on 
cooling  the  nitre  crystallises  so  that  the  greater  part  of  the  sample  becomes  a  solid 
mass,  the  liquid  is  run  into  tanks  and  left  for  5  or  6  hours,  during  which  time 
impurities  are  deposited,  and  the  liquid  rendered  quite  clear.  As  soon  as  the 
temperature  of  the  liquid  has  fallen  to  60°,  it  is  poured  into  copper  crystallisation 
vessels ;  after  a  lapse  of  24  hours  iihe  crystallisation  is  complete,  and  the  mother  - 
liquor  being  separated  from  the  salt  is  employed  in  a  subsequent  operation. 

aSdeftUtp?w.  ^^  crude  saltpetre  is  yellow-coloured,  and  contains  on  an aveiage 
some  20  per  cent,  of  impurities,  consisting  of  deliquescent  chlorides,  earthy  salts,  and 
water.  The  object  to  be  attained  by  the  refining  is  the  removal  of  these  substances. 
At  the  present  day  a  large  portion  of  the  refined  saltpetre  met  with  in  commerce  is 
obtained  by  the  refining  of  the  crude  saltpetre  imported  from  India.  It  may  bo  noted 
that  this  importation  is  steadily  increasing,  there  being,  in  i860,  16,460,300  kilos., 
and  in  1868,  33,062,000  kilos,  of  the  salt  brought  to  England ;  and,  iiidoed,  the 
production  of  saltpetre  from  natural  sources  in  Europe  is  now  limited  to  very  few 
and  unimportant  localities. 

The  method  of  refining  saltpetre  is  based  upon  the  fact  that  niti-ato  of  potassa  is 
far  more  soluble  in  hot  water  than  are  the  chlorides  of  sodium  and  potassium. 
600  litres  of  water  are  poured  into  a  large  cauldron,  and  24  cwts.  of  the  crude  saltpetre 
are  added  at  a  gradually  increasing  temperature ;  as  soon  as  the  solution  boils, 
36  cwts.  more  crude  saltpetre  are  added.  Supposing  the  crude  nitre  to  contain 
20  i)er  cent,  of  alkaline  chlorides,  the  whole  of  the  nitre  will  be  dissolved  in  this 
quantity  of  water,  while  a  portion  of  the  chlorides  will  remain  undissolved  even  at 
the  boiling-point.  The  non- dissolved  salt  is  removed  by  a  perforated  ladle,  and  the 
scum  rising  to  the  surface  of  the  boiling  liquid  by  the  aid  of  a  flat  strainer.  The 
organic  matter  present  in  the  solution  is  removed  by  the  aid  of  a  solution  of  glue — 
from  20  to  50  grms.  of  glue  dissolved  in  2  litres  of  water  are  taken  for  each  hundred- 
weight of  saltpetre.  In  order  that  the  saltpetre  may  crystallise,  the  quantity  of 
water  is  increased  to  1000  litres,  and  as  soon  as  this  water  is  added  the  organic 
matter  entangled  in  the  glue  rises  as  a  scum  to  the  surface  and  is  removed.     The 
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operation  linving  progressed  so  far,  and  the  liquid  being  rendered  quite  clenr,  it . 
kept  at  a  tempcirature  of  88*  for  about  twelve  hours,  and  then  carefully  ladled  into 
copper  crjrstallising  vessels,  constructed  with  the  bottom  a  little  higher  at  ono  end 
than  at  the  other.     The  Bolution  would  yield  on  cooling  largo  crystals  of  galtpetr«t 
but  this  is  pur]X)8ely  prevented  by  keeping  the  liquid  in  motion  by  means  of  4ftirrer», 
ae  05  to  produce  the  so-called  flour  of  saltpetre,  which  is  laMy  the  salt  in  a  finely- 
divided  state.    This  iB  next  transferred  to  wooden  boxes  termed  wash- vessels,  lo  feet 
long  by  4  feet  wide,  provided  with  a  double  bottom,  the  inner  one  being  perforatedi 
between  the  two  bottoms  holes  aro  bored  through  the  sides  of  the  vessel  and  wheal 
not  required  plugged  with  wooden  pegs.     Over  the  flour  of  saltpetre  contmned  in 
these  w*ooden  troughs,  6o  lbs.  of  a  very  concentjated  solution  of  pure  nitrate  ofj 
potassa  aro  poured,  and  allowed  to  remain  for  two  to  three  hours,  the  plugs  bein 
left  in  the  holes.    The  plugs  are  then  removed,  the  hquor  run  off,  the  holea 
plugged*  and  the  npi  ration  twice  repeated,  fii'st  with  a  fresh  6o  lbs,,  and  next  wit] 
24  lbs.  of  the  snlutinn  of  nitrate  of  potassa,  followed  in  each  case  by  an  equal  qujm'« 
tity  of  cold  water.     The  liquors  which  are  run  off  in  these  operations  are  of  1 
collected,  the  first  being  added  to  the  crude  saltpetre  solution,  while  the  latter,  beii 
solutions  of  nearly  pure  nitre,  are  again  employed.    The  saltpetre  is  next  dried  nl^ 
a  gentle  heat  in  a  shallow  vessel,  sifted,  and  packed  in  casks. 
PrviMniti»nor?(itrAte       During  the  liist  twenty  years  the  preparation  of  nitrate  of 
dkOi-ikitpctre.       potassa  Irom  Chili-saltpetre  has  become  an  important  bianch  of 
manu^cturing  industry.   The  jjroduct  obtained  by  any  of  the  following  prooesBea  iq 
called  "convertod-saltpetre/*  to  distinguish  it  from  the  preceding  preparation, 
method  of  procedure  may  be  ono  of  the  following  :^ 

1,  The  nitrate  of  soda  is  decomposed  by  means  of  chloride  of  potosaimn — 

100  kilos,  of  sodic  nitrate  \   vield   P^9*^  kilos,  potassa  mtrtitc. 

87-9  kilos,  of  potassium  chloride  J   -  I    68  "8  kUos.  eommon  salt, 

MM.  Longchamp,  Anthon,  and  Kuhlmann  first  suggested  this  mode  of  prepara- 
tion, which  is  now  generally  used  on  the  large  scale,  as  tho  decomposition  of  hot] 
salts  ia  very  complete,  and  as  the  common  salt  as  well  as  tho  saltpetre  can  bo  utilis 
The  chloride  of  potaesium  is  obtained  by  tho  decomposition  of  Camallite,  or  by  me 
already  mentioned. 

Equivalent  quantities  of  nitrate  of  soda  and  of  chloride  of  potassium  are  dissolved 
in  water  contained  in  a  cauldron  of  some  4000  litres  cubic  capacity.  As  tho  nitrai 
of  soda  of  commerce  (Chili-saltpetre)  does  not,  as  regards  purity,  vary  very  mu 
from  96  per  cent,,  some  7  cwts.  are  usually  taken,  while  of  the  chloride  of  potassium, 
which  varies  in  purity  from  60  to  go  per  cent.,  a  quantity  is  taken  corresponding,  sm  . 
regards  tho  amount  of  pure  chloride,  to  the  quantity  of  nitrate  of  soda.  The  chlorid 
of  potassium  is  first  di^^olvetl,  tho  hot  solution  being  brought  to  a  sp.  gr.  =  1  '2  to  1  *2i, 
next  tho  nitrate  of  bcmIu  is  adtled,  and  the  liquid  brought,  while  constantly  hcatod* 
to  a  sp.  gr.=  i*5.  Tho  chloride  of  smlium  continuously  deposited  fs  removed  by 
pi>rforated  ladles,  and  placed  on  a  sloping  plank  go  that  tho  mother-hqnnr  may  fiow 
back  into  tho  cauldron,  core  being  taken  to  wash  this  salt  afterwards,  so  aa 
remove  all  nitrate  of  pot^issa,  the  washings  being  poured  back  into  the  cauldroii.1 
When  the  liquid  in  the  cauldron  has  been  brought  to  i'5  sp.  gr.— an  aquecjus  solu- 
tion of  nitrate  of  potassa  at  15',  with  a  sp.gr.—  1*144,  contains  21-074  per  cent,  of  that 
salt— the  fire  is  extinguishtMl,  the  liquid  left  to  clear,  tho  common  salt  still  priiseut 
carrying  down  all  impuritioii,  and  when  clear  it  is  ladled  into  crystalUsing  vo 
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which  being  very  shallow,  the  crystallisation  is  finished  in  twenty-four  hours.  The 
mother-liquor  haying  been  run  off,  the  crystals  are  thoroughly  drained  and  covered 
with  water,  whicli  is  left  in  contact  with  the  salt  for  some  seven  to'feight  hours,  and 
then  run  off;  this  operation  is  repeated  during  the  next  day;  the  mother-liquor  and 
washings  are  poured  back  into  the  cauldron  at  a  subsequent  operation. 

2.  Nitrate  of  soda  is  first  converted  into  chloride  of  sodium  by  means  of  chloride 
of  barium,  nitrate  of  baryta  being  formed,  and  in  its  turn  converted  into  nitrate  of 
potassa  by  the  aid  of  sulphate  of  potassa : — 

o.     85  kilos,  of  nitrate  of  soda          )  .  , ,    |  130*5  kilos,  nitrate  of  bar>i;a. 

122  kilos,  of  chloride  of  barium  ]  ^         '    58*5  kilos,  of  common  salt. 

/3.  130*5  kilos,  of  nitrate  of  baryta   \  87*2  kilos,  of  potassic  sulphate, 

require  for  conversion  into  >  or 

nitrate  of  potassa                   )  69*2  kilos,  of  jHjtassic  carbonate. 

When  sulphate  of  potassa  is  used,  permanent-white,  baryta-white,  or  sulphate  of 
baryta  is  obtained  as  a  by-product,  while  if  carbonate  of  potassa  is  used,  carbonate 
of  baryta  remains,  and  of  course  may  be  readily  re-converted  into  chloride  of  barium. 
In  order  to  estimate  the  advantages  of  either  process,  the  following  points  mtfst  be 
kept  in  view : — a.  Taking  into  consideration  that  it  is  profitable  to  convert  native 
carbonate  of  baryta  into  chloride  of  barium — ^for  instance,  by  exposing  witherite  to 
the  hydrochloric  acid  fumes  produced  in  alkali  works  by  the  decomposition  of  salt — 
and  to  precipitate  an  aqueous  solution  with  dilute  sulphuric  acid  to  obtain  permanent- 
white,  it  may  be  inferred  that  it  will  also  pay  to  obtain  it  as  a  by-product,  h.  Not- 
withstanding the  complication  of  this  process,  it  is  advantageous  as  producing  a  far 
purer  nitrate  of  potassa. 

3.  Nitrate  of  soda  is  converted  by  means  of  potash  into  the  nitrate  of  that  base, 
pore  soda  being  obtained  as  a  by-product : — 

85  kilos.  Chili-saltpetre  )    vield  {  ^^^'^  kilos,  of  potassic  nitrate. 

69*2  kilos,  carbonate  of  potassa  )    ^  (53  kilos,  of  soda  (calcined). 

This  mode  of  manufacturing  saltpetre  was  first  introduded  into  Germany  during  the 
Crimean  War  (1854-55)  by  M.  WoUner,  of  Cologne,  who  established  large  works  to 
prepare  saltpetre  in  this  way,  and  very  soon  after,  during  the  continuance  of  the  war, 
five  other  manufactories  of  potash-saltpetre  had  been  established  on  this  method. 
In  1862  the  production  amounted  to  7, 500,000 lbs.  of  potash-saltpetre,  the  carbonate 
of  potassa  required  being  obtained  from  beet-root  molasses,  the  soda  resulting  as  a 
by-product  being  even  superior  to  that  produced  by  Leblanc's  process. 

4.  Nitrate  of  soda  being  decomposed  by  caustic  potassa  yields  potassic  nitrate  and 
caustic  soda. 

According  to  M.  Lunge's  description,  this  process,  first  suggested  by  MM.  Land- 
mann  and  Gentele,  afterwards  modified  by  M.  Schnitzcr,  and  practically  applied  by 
M.  Nollner,  is  carried  on  in  Lancashire  in  the  following  manner: — There  is  added  to 
a  caustic  potash  lye  of  i  '5  sp.  gr.,  containing  about  50  per  cent,  of  drj'  caustic  potassa, 
an  equivalent  quantity  of  nitrate  of  soda,  and  the  whole,  after  a  short  time,  crystal- 
lised. The  nitrate  of  potassa  having  been  separated  from  the  mother-liquor,  that 
fluid,  the  density  of  which  has  been  gi'eatly  decreased  by  the  reaction,  is  by  evapo- 
ration again  brought  to  its  former  density,  and  pelds  on  cooling  another  crop  of 
crystals  of  potash-saltpetre.  Usually  there  then  only  remains  a  solution  containing 
caustic  soda  with  saline  impurities ;  sometimes,  however,  a  third  crop  of  crystals  is 
obtained.    The  deposit  during  the  evaporation  is  chiefly  carbonate  of  soda  derived 
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finim  tho  chloride  of  Bodium  contained  m  the  potassium  chlonde  from  which  tiiu 
caoatio  potasaa  is  made,  this  chloride  heing  also  converted  into  carbonate.  The 
email  quantities  t)fundecompoeed  chlorides  of  potassium  and  sodium  and  sulphate  of 
lime  are  retained  in  the  mother- liquor»  which  is  evaporated  to  dryness  and  ignited, 
yielding  a  dry  caustic  soda  of  a  bluish- colour.  The  crystallised  nitrate  of  potassal 
is  now  careiliUy  refined  to  remove  aU  impui-ities  to  about  o'l  per  cent,  of  chloride  of 
godiam,  converted  into  saltpetre* flour,  end  treated  as  already  described.  Notwith- 
standing that  the  various  operations  have  been  carried  on  in  iron  ve&>cls,  the  salt 
does  not  contain  any  of  this  metal,  nor  is  the  colour  in  any  way  affected.  The  flour 
is  dried  in  a  room  2  metres  wide  by  5  metres  in  length,  built  of  brick- work*  slmilaTly 
to  tho  chloride  of  lime  rooms,  and  having  a  pointed  arched  roof  z  metres  in  height. 
The  saltpetre- flour  is  spread  on  a  wooden  floor,  under  which  extends  a  series  of  hot- 
air  pipes,  keeping  the  temperature  at  70",  and  very  rapidly  efibcting  the  drying. 

TMtiaf  tiM  £Attpotfc.  If,  when  perfectly  pure,  saltpetre  is  carefully  fused,  and  allowed 
to  oool,  it  becomes  a  white  mass,  exhibiting  a  coarsely  radiated  fracture ;  even  so 
email  a  quantity  as  ^th  of  chloride  of  Imodium  causes  the  fracture  to  appear  somewhat 
granmlar ;  with  J^th  tho  centre  is  not  at  all  radiated,  and  is  less  transjiarent ;  and 
with  ith  the  radiation  is  only  slightly  perceptible  at  the  edges  of  the  feacture. 
Nitrate  of  soda  has  tho  same  eflect.  This  method  of  testing  the  purity  of  nitye,  due  1 
to  M.  Schwartz,  is  employed  in  Swedeui  where  every  landowner  pays  a  portion  1 
his  taxes  in  saltj^tre  of  a  specified  degree  of  purity.  A  great  number  of  methods  of  1 
testing  saltpetre  have  been  suggested  by  various  authors  for  the  purj>o6es  of  tho 
manufacture  of  gunpowder,  not,  however,  in  sufliciently  general  use  to  interest  the 
reader.  Werther^s  teat  for  chlorine  and  siilphurio  acid  is  by  solutions  of  Uie  nitrates 
of  baryta  and  silver ;  tho  silver  solution  is  such  that  each  di\^sion  of  the  burette 
corresponds  to  0*004  grm.  of  chlorine,  and  with  the  baryta  solution  to  0*002  gnu.  of 
sulphuric  acid.  According  to  Eeich*3  plan,  0*5  grm.  of  di'iod  and  pulverised  saltpetre 
is  ignited  to  a  dull  retl  heut,  with  from  4  to  6  times  iU  weight  of  pulverised  quartz; 
tlie  nitric  acid  is  expelled,  the  loss  of  weight  consequently  indicating  the  quantity, 
the  sulphates  and  chlorides  not  being  decomposed  at  a  dull  red  heat.  If  the  loss 
^  d^  we  have  1874  d  nitrate  of  potassa,  or  1*574  ^  uitrate  of  soda. 

uiMBtiiniiTF  £rtimatfra     This  mothod,  duo  to  Dr.  A»  Wainier,  is  based  upon  the  £Eict 

of  tlkc?fltrk!  AcitlUi  ,7  '^  ""^w 

»»Hpcu<",  that  when  saltpetre,  or  any  other  lutrate,  is  ignited^  access  of  air 
being  excluded,  with  an  excess  of  oxide  of  chromium  and  carbonate  of  soda,  the  nitrie 
acid  oxidises  the  chromic  oxide  according  to  the  formula  CraOj + NO3 = 2Cr03 + NOiI 
76*4  ports,  by  weight,  of  oxide  of  chromium  are  oxidised  to  chromic  acid  by  54  parts 
of  nitric  acid,  or  of  i  of  chromic  oxide  by  07068  of  nitric  acid.  Tho  operatioi^  is 
performed  by  taking  from  03  to  0*4  grm.  of  the  nitrate,  mixing  it  intimately  with 
3  gnns.  of  chromic  oxido  and  i  gnn.  of  carbonate  of  soda,  introducing  this  mixture 
into  a  hartl  Qormim  gloss  combustion- tube,  one  end  of  which  is  drawn  out,  and  a 
vulcanised  india-rublMjr  tube  attached  to  it,  which  is  made  to  dip  for  about  a  quarter 
of  an  inch  into  water»  while  to  the  other  open  end,  by  means  of  a  cork  and  glass  tub© 
bent  at  right  angles,  an  appacatus  is  fitted  for  the  evolution  of  carbonic  acid  gas, 
which  is  made  to  pass  through  the  tube  before  igniting  it,  and  kept  passing  through 
all  tho  time  until  the  tube  is  quite  cool  again  after  ignition.  The  contents  of  this 
tube  are  placed  in  wann  water,  aiid  after  filtration  the  chromic  acid  is  estimated  by 
llosc^s  method,  lliis  process  of  estimating  nitric  acid  has  been  found  to  yield  very 
accurate  results. 
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uietof  siatpetre.  This  salt  is  employed  for  many  purposes,  the  most  important 
being : — i.  The  manufacture  of  gunpowder.  2.  The  manufacture  of  sulphuric  and 
nitric  acids.  3.  Glass-making,  to  refine  the  metal  as  it  is  termed.  4.  As  oxidant 
and  flux  in  many  metallurgical  operations.  By  the  ignition  of  i  part  of  nitre  and 
2  of  argol,  in  some  cases  refined  argol  (cream  of  tartar),  black  fliix  is  formed  consist- 
ing of  an  intimate  mixture  of  carbonate  of  potassa  and  finely  divided  charcoal.  The 
ignition  of  equal  parts  of  saltpetre  and  cream  of  tartar  gives  wliite  flux,  consisting 
of  a  mixture  of  carbonate  of  potassa  and  undecomposcd  saltpetre;  both  these 
mixtures  are  often  used.  Black  flux  may  also  be  made  by  intimately  mixing 
carbonate  of  potassa  with  lamp-black  and  white  flux.  5.  When  mixed  with 
common  salt  and  some  sugar  in  the  salting  and  curing  of  meat.  6.  For  preparing 
fluxing  and  detonating  powders.  Baume's  fluxing  powder  is  a  mixture  of  3  parts 
of  nitre,  i  of  pulverised  sulphur,  and  i  of  sawdust  from  resinous  wood ;  if  some 
of  this  mixture  bo  placed  with  a  small  copper  or  silver  coin  in  a  nutshell  and 
ignited,  the  coin  is  melted  in  consequence  of  the  formation  of  a  readily  fusible 
metallic  sulphuret,  Mhilo  the  nutshell  is  not  injured.  Detonating  powder  is  a  mix- 
ture of  3  parts  saltpetre,  2  carbonate  potassa,  and  i  pulverised  sulphur ;  this  powder 
when  placed  on  a  piece  of  sheet-iron,  and  heated  over  a  lamp,  will  explode  with  a 
loud  rejHjrt,  pelding  a  largo  volume  of  gas : — 

Saltpetre,  6KNO3,  1  ( Nitrogen,  6N. 

Potassic  carbonate,  2K2CO3,      |    =    I  Carbonic  acid,  200^. 
Sulphur,  5S.  /  \  Sulphate  of  potassa,  5K2SO4. 

7.     For  manure  in  agriculture.     8.  In  many  pharmaceutical  preparations.     9.  For 
the  preparation  of  Heaton  steel. 

sodie  Nitrate.  This  Salt,  also  knowu  as  cubical  saltpetre,  Chili-saltpetre,  nitrate 
of  soda,  NaN03,  containing  in  100  parts  36*47. soda,  and  63*53  pj^rts  nitric  acid, 
is  found  native  in  the  district  of  Atacama  and  Tarapaca,  near  the  port  of  Uquique, 
in  Peru,  in  layers  termed  cahche  or  terra  aalitrosa,  0*3  to  i*o  metre  in  thickness,  and 
extending  over  more  than  150  miles,  nearly  to  Copiapo,  in  the  north  of  Chili.  The 
deposit  chiefly  consists  of  the  pure,  drj-,  hard  salt,  and  is  close  to  the  surface  of  the 
soil.  It  is  also  found  in  other  parts  of  Peru  mixed  with  sand,  in  some  places  close 
to  the  surface  of  the  soil,  in  others  at  a  depth  of  2*6  metres.  Valparaiso  being  the 
great  exportation  depot  for  Peru,  Bolivia,  and  Chib',  both  surface  and  deep  soil  salts 
are  met  with  in  tthe  rade  of  that  important  port.  The  unrefined  Chili-saltpetre  is 
crystalline,  brown  or  yellow,  and  somewhat  moist ;  but  the  salt  sent  to  the  Euro- 
pean markets  is  commonly  semi-refined  by  being  dissolved  in  water  and  evaporated 
to  dryness.    The  composition  of  a  sample  in  100  parts  is  : — 

Nitrate  of  soda 94*03 

Nitrate  of  soda        0.31 

Chloride  of  sodium 1.52 

Chloride  of  potassium    . .      0*54 

Sulphate  of  eoda      0*92 

Iodide  of  soda 0*29 

Chloride  of  magnesium 0*96 

Boric  acid traces 

Water        ..    -  1*96 

100*00 
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Being  deliquescent  the  salt  is  not  emploj'ed  in  the  maniifactore  of  gunpowdar^ 
but  may  bo  uscmI  for  blasting  powder.     It  is  largely  us^d  for  tlie  preparation  of 
snlpburic  and  nitric  acida  ;  for  purifyin.^  caustic  soda ;  for  making  chlorine  in  thfl 
manufacture  of  bleaching  powders ;  for  the  preparation  of  arsoniato  of  soda  ;  in  th«" 
curing  of  meat ;  glass-making ;  in  the  preparation  of  red-lead ;  in  large  quantities 
in  tho  eouTersion  of  cmdo  pig-iron  into  steel,  by  IlargreaYes'fl  and  by  Hcaton'a  - 
processes ;  for  prepaiing  nitrate  of  potassa ;  and  for  the  preparation  of  ai'ti£cialJ 
raanures  and  composts,  it  being  used  unmixe*!  as  a  manure  for  grain  crops. 

It  may  be  soon  from  the  analysis  of  nitrate  of  soda  quoted  above  that  that 
salt  contains  a  small  quantity  of  io^line,  which  at  Tarapaea  is  extracted  from  thoJ 
mother-liquor  remaining  fi'om  tho  re-crj'stalHsation.     According  to  M.  L.  Xniflt . 
the  iodine  amounts  to  0*59  grm.  in  i  kilo,  of  crude  nitrate ;  40  kilos,  of  iodine  being 
prepared  per  day.     M.  NoUner  thinks  that  tho  fonnation  of  the  nitre  deposits  in 
Ohili  and  other  parts  of  South  America  has  tiken  place  under  tho  influence  of 
marine  plants  containing  iodine.    In  order  to  give  some  idea  of  the  large  andg 
increoaing  exportation  of  Ohili-saltpetre,  wo  quote  from  the  published  statistical  | 
that  in  1830,  18,700  owts.,  and  in  1869,  2,965*000  owts.,  were  shipped. 


Mctbodii  of  Manufketitzliiff 
Slirlc  Add. 


Nrniio  AcTD, 
This  acid  pfH0_3)  is  generally  manufactured  by  decomposing 
nitrate  of  soda  by  Bulphuric  acid,  and  condensing  tho  Yapom-s  set  free.  It  is 
obtained  on  tho  large  scale  by  placing  in  a  cast-iron  vessel,  A,  Fig.  65,  tho  nitrate  lo 
bo  operated  upon,  to  which  is  added  by  means  of  a  funnel  strong  sulphuric  acid. 
The  lid  is  replaced,  and  the  vesd«?I  connected  by  means  of  the  clay-lined  tube  B, 
with  the  glASS  tube,  c,  dipping  into  the  large  stoneware  flask,  d,  which  fc^rves  the 

Fio.  65, 
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purpose  of  a  rooeiTer.  This  flask  is  connected  by  means  of  a  tube,  a,  to  a  similar 
vessel,  I/,  and  that  to  a  third  vessel,  ii\  and  so  on,  in  order  to  completely  con  den 
the  vapours  which  might  have  escaped  through  the  first,  soeond,  and  thinl  veseelfl 
The  iron  vessel,  A,  is  heated  by  moans  of  the  fire  placed  in  tho  htuirth^  f,  the  fiinoka| 
and  hot  gasos  being  carried  off  by  o  h.  At  th».*  outset  of  the  oj>eration  the  damper, 
tf ,  is  ao  regulated  as  to  shut  off  the  lower  channel,  and  cause  the  smoke  and  hot 
gaees  to  pass  through  E,  heating  tho  vost^ds  d,  d\  and  vT^  this  precaution  being 


rcqtiired  to  prevent  their  cniekiiig  by  the  hot  acid  yapours  onteriiig  from  Ji.  As 
soon,  however,  as  the  (listillution  has  fairly  commenced*  the  damper  ia  altered  to 
shut  off  £,  and  pasa  the  hot  air  and  gaso8  through  o.  The  nitric  acid  condensed  in 
the  first  receiver  la  eufliciently  itrong  for  immediate  use^  but  to  facilitate  the  con- 
densation some  water  has  been  poured  through  the  openings  h'  h'\  into  the  other 
rec-eivers,  the  acid  from  which  is  weaker  and  known  in  the  trade  as  aquafortis. 

Very  frequently  the  distillation  of  nitiio  acid  is  conducted  in  a  series  of  gloss 
retorts  placed  on  a  sand-bath ;  there  are  generally  two  rows  of  retorts^  tho  heating 
apparatus  being  a  galley  oven.  If  the  acid  is  to  be  pure,  the  first  condensations 
are  collected  in  separate  receivers,  as  the  acid  first  condensed  contains  hydroohloiic 
acid  due  to  the  chlorides  contaiued  in  the  nitrates  under  operation. 

The  proportion  of  materials  employed  is  : — 

30  kilos,  of  Nitrate  of  potas^a  to  29  kilos,  of  strong  sulphuric  acid ;  or, 
17       „         Nitrate  of  soda      to  14'5     ,,         ,,  ,,  *» 

The  bisulphiito  of  soda  which  remains  may  either  be  used  for  the  preparation  of 
fuming  sulphuric  acid,  or  may  bo  mixed  with  common  salt,  and  ignited,  to  pro- 
duce hydrochloric  acid  and  neutral  sulphate  of  soda,  available  in  the  preparation 
of  sodio  carbonate. 

The  nitric  acid  (NHOij)  resulting  from  tho  above  operation  is  a  colourless,  trans- 
parent fluid,  having  a  sp*  gr»  of  1*55,  and  boiling  at  80°.  l»\lien  diluted  with  water 
the  boiling-point  is  higher.  An  acid  containing  100  parts  (NHO^)  and  soiiarts  of 
water  boils  at  izg'^^  but  if  the  dilution  with  water  is  carried  further  the  boiling-point 
is  again  lowered ;  consei[Ucntly,  when  such  an  acid  is  heated  above  100^  the  result 
is  that  at  first  water  with  only  a  trace  of  acid  distils  over^  and  if  tho  process  be  con- 
tinued the  boiling-point  gradually  increases  until  it  reaches  130°,  when  there  distils 
over  what  is  termed  double  aquafortis,  sp,  gr.  ^1*35  to  1*45,  ordinary  or  single 
aquafortis  having  a  sp.  gr-  ^  rig  to  1*25,  Nitric  acid,  when  in  contact  with  air, 
emits  fumes,  owing  to  the  absoqition  of  water  from  the  atmosphere. 

^****lu&^'^^*'  The  stronger  acid  mauiifactiired  as  described  ia  usually  of  a  yellow 
00] our,  due  to  the  presenco  of  hyponitric  acid.  If  a  colourless  acid  ia  desired,  the 
crude  acid  must  be  submitted  to  a  bleaching  operation,  consisting  of  the  follow- 
ing : — ^The  coloured  acid  is  poured  into  loi'ge  glass  vessels  placed  (Fig.  66)  in  a  water- 
bath*  heated  to  So**  to  90**,  and  leil  in  these  vessels  as  long  as  any  coloured  vapoui"8 


Fig,  66. 


^m  given  off.  The  escaping  hyponitric  acid  is  carried  by  means  of  glass  or  glazed 
mrthenwure  tubes  either  int^i  a  sulphuric  acid  chamber  and  there  utilised,  or  int(j 
the  flue  of  a  chimney,  and  thus  into  the  air,  Any  hydi-ocMoric  acid  present  in  tho 
nitric  acid  is  also  carried  off  as  chlorine.     In  order  to  remove  any  sulphuric  acid  it 
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is  necessary  to  di5.til  the  niti-ic  acid  over  paro  nitrate  of  baryta,  wliile  the  last  trace* 
of  kydi'ochloric  acid  can  bo  removed  by  diBtillatioii  over  piu'e  nitmte  of  silver, 
otmdeiuaij^n  of  ihc  xiuie  More  Teccntly  improvemonts  have  been  made  in  the  uianu- 
fttCturo  of  nitric  acid»  bearing  especially  \xpon  the  possibility  of  omitting  the  bleach- 
ing process,  and  a  iKsttor  mode  of  condensing  the  rapoura  of  the  acid.  Tho  first 
point  is  supplied  by  an  arrangement  introduced  in  the  manufactory  of  M.  Chove, 
in  Paris.  ISvory  practic4Al  elivmist  knows  that  tho  red  vapours  appear  only  at  the 
outset  and  towanls  the  end  of  the  distillation  of  tho  nitric  acid,  and  it  is  therefore 
only  required  to  distil  fractionally  to  obtain  on  tho  one  hand  a  red-eoloured  acid, 
tho  aciditm  nUroso^nitrkum  or  oci*him  iiitricum /umund /ortmimf  of  the  ph&rmtk- 
ceutists,  and  on  tho  other  a  colourless  acid,  which  can  be  forthwith  dehvcred  to  the 
consumer.  In  order  to  i^ractically  eilect  tho  fractional  distillation,  a  tap  of  porce- 
lain or  hard-fired  stonoware,  constructed  as  ezdiibited  in  Fig.  Gji  is  fixed  by  means 
of  A,  in  communication  with  tho  iron  distilling  vessel,  while  the  tubes  B  and  B  aiv 
connected  with  two  difforont  roceivei-s.     The  tap  is  bored  in  such  a  manner,  that 

at  pleasure  either  the  commmiication 
^"*'  ^^  between  A  and  B^  or  the  communica- 

tion between  A  and  Bj  can  be  esta- 
blished. By  proper  management, 
therefore^  it  is  possible  to  separate  the 
red-coloured  acid  entirely,  and  with- 
out any  additional  expense,  from  the 
culoiirless  acid. 

A  second  improvement,  contrived  by  lifM.  I'lisson  and  Devers,  Paris,  bears  upoii 

the  condensation  apparatus,  which  consists  in  their  works  of  a  battery  of  ten  pecu- 

Fio.  68. 
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liarly  .  :     :..  1    .  Lotties,  bIx  •■■-.  .,„._;  „:.  upen  at  the  bottom  and  funnel-shapeci,' 
■o  lis  to  fit  in  tho  necks  of  large  carboys,  o,  Fig.  63.     From  a  cylinder  nut  shown 
in  til©  ODgniving,  being  hidden  by  tho  wall,  m,  a  stoneware  tub©  is  connected  witH 
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tho  bent  glass  tube,  o,  wbich  communicates  with  ono  of  the  three  tubulaturos  of 
the  first  carboy,  A,  which  servos  to  collect  the  acid,  that,  by  the  boiling  over  of  the 
mixture  in  the  iron  vessel,  has  been  rendered  more  or  loss  foul.  Tho  carboy  A  is  pro- 
vided with  a  small  tube,  T,  arranged  to  act  as  a  hydraulic  valve  in  such  a  manner 
that,  when  the  fluid  in  the  carboy  has  risen  to  a  height  of  some  centimetres,  any 
additional  fluid  entering  A  is  carried  off  into  the  well-stoppered  carboy  a'.  The 
second  tubulature  of  the  carboy  A  is  fitted  with  a  funnel  through  which  water  flows 
from  the  bottle  F  into  A,  thereby  aiding  the  condensation.  The  acid  vapours  pass 
through  the  curved  glass  tube  F,  into  the  carboy  B,  from  which,  as  likewise  from  tho 
carboys  b'  and  b",  the  condensed  fluid  is  carried  by  the  tube  T  into  the  carboy  a". 
Any  vapours  which  escape  condensation  in  B  are  carried  off  to  0,  and  thence  to  D,  a 
portion  of  the  acid  being  condensed  in  each  of  the  vessels,  and  flowing  back  first  to 
B  and  then  to  a".  Any  vapour  not  condensed  in  c  and  D  is  conducted  by  the  glass 
tube  G,  first  to  d',  next  to  c",  and  finally  to  B,  where  condensation  takes  place.  Any 
vapours  not  now  condensed  are  earned  to  B",c",  D^',  and  finally  to  the  chimney  stiilk. 
The  Mariotte  botttles  f'  and  f"  contain  water,  which  flows  into  the  condensing 
vessels  and  dilutes  the  acid  to  36''  B.  (=  i  '3 1  sp.  gr.  =  42*2  per  cent.  N3O3).  In  order 
to  reduce  any  pressure  arising  in  the  vessels  a'  and  a",  a  tube  ir,  and  a  similar  on<' 
not  represented  in  the  cut,  nre  connected  with  T  and  t',  for  the  purpose  of  canying 
any  non-condensed  vapour  into  b",  where  these  vapours  collect. 

Although  this  apparatus  appears  complicated,  the  working  is  very  readily  managed. 
The  acid  vapours  issuing  from  the  distillatory  apparatus  are  partly  condensed  in  the 
vessel  A,  and  thence  carried  to  a',  the  vapours  still  uncondensed  continuing  their 
course  to  B,  b',  b",  the  fluid  there  collected  flowing  back  to  tho  genei'al  receiver  a". 
This  apparatus  when  once  well  piit  together,  has  rarely  to  be  repaired,  saves  much 
labour,  and  produces  a  larger  quantity  of  acid  than  the  ordinary'  apparatus,  this 
being  due  to  the  more  complete  condensation  ;  while  by  the  ordinary  method  only 
125  to  128  kilos,  of  nitric  acid  are  obtained  from  100  kilos,  of  nitrate,  the  quantity- 
obtained  by  this  apparatus  amounts  to  132  to  134  kilos.  The  following  brief  descrip- 
tion, illustrated  by  Figs.  69  and  70,  will  explain  the  internal  construction  of  the 
bottles  and  of  the  syphon  funnel.  In  each  of  the  carboys  of  tho  lowest  row  is 
inserted  a  bent  stoneware  tube,  T,  Fig.  69,  the  opening,  o,  of  which  is  outside 
the  bottle ;  a  narrow  space,  L,  admits  the  fluid  to  tho  interior  of  tho  tube,  and  it 
is  dear  that  the  acid  can  only  attain  a  certain  height  in  the  carboy.  The  syphon 
funnel  consists  of  a  stoneware  tube  about  3  centims.  in  diameter,  the  side  of  which, 
Fig.  70,  is  perforated  in  a  longitudinal  direction ;  any  fluid  therefore  flowing  into 
this  tube  from  E  can  only  reach  to  the  opening  o. 

otker  Method!  of  Nitric  Add       Tlio  following  methods,   differing  from  that   above  described, 
ManutoctttKs.  mu«t  hcro  bo  mentioned  ;  but  the  reader  should  not  infer  that  thev 

are  actnally  in  practice: — i.  Action  of  chloride  of  manganese  (chlorine  preparation 
residnefl)  upon  nitrate  of  soda.  \Vlien  a  mixture  of  these  salts  is  heated  to  about  230^ 
nitrons  vapours  (NOj  4-  O)  are  evolved,  and  there  remains  oxide  of  manganese,  which  can 
be  again  employed  in  the  manufacture  of  chlorine. 

SMnCl,    )  (    (2MnO  +  3MnOJ, 

and  yield        loNaCl, 

ioNaN03)  (    ioNO,+  0, 

By  causing  the  mixture  of  hyponitric  acid  and  oxygen  to  come  into  contact  with  water 
in  the  condensing  apparatus  nitric  acid  results,  tho  excess  of  hyponitric  acitl  being  decom- 
posed into  nitric  acid  and  deutoxide  of  nitrogen.  If  the  quantity  of  air  in  tho  apparatus 
Ls  sufficiently  large  to  oxidise  tho  entire  bulk  of  itie  nitrogen  deutoxide  into  nitric  acid, 
tLid  prooeas  is  contmuous,  but  if  thero  is  not  enough  air,  the  deutoxide  of  nitrogen  if 
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diawdred  in  tlie  nitric  ioid»  any  excess  of  that  gas  eBcaping-.  From  tbe  experiments  on  tUl 
prooeoa  by  Dr.  Kiililmnim,  who  used  clay  retorts,  it  appears  that  loo  parts  of  nitrate  of 
Bodft  yield  from  125  to  126  parts  of  nitric  acid  at  35''  B,;  this  result  almost  agrees  wiUl 
that  obtained  by  tbe  otdinury  prttM'css,  Dr.  Kulilmann  also  instituted  expenments  nith 
other  clilorides,  \tz.,  those  of  calcium,  magnesium,  and  zinc,  the  result  beui^  the  formation 
of  nitric  acid  and  chloride  of  sodium  with  Hme^  magnei^a,  and  oxide  of  zinc. 

2.  Action  of  certain  sulphates  npon  allEaiinG  nitraten.  Dr.  Kuhlmaim  has  proved  by  a 
lories  of  experiments  that  tbe  sulpbatoft,  including'  only  those  having  no  acict  propertiieSy 
decompoiM)  ih&  alltaline  nitrutea.  Sulphate  of  mangane^w  decomposes  nitrate  of  eooa,  tlia 
result  being  the  formation  of  products  similar  to  thoso  when  chloride  of  manganeee  ;' 
eaLplo3red ;  similar  riL^aotionB  tfldco  place  when  sulphate  of  zinc,  sulphate  of  magnesiat  J 
gypsoni  are  used  for  this  pmpose. 

3.  From  Ultra te  of  soda  ana  carbon,  yidding  soda  and  nitric  acid. 

4.  From  nitrate  of  soda  and  silica  or  aliimma,  yielding  nitric  atdd,  silicate  of  soda  and 
soda. 

5.  From  nitrate  of  baryta  and  snlphnrtc  ucidi  mthout  distillation;  the  nitrio  acid 
(=:  loP  to  1 1*  B,}  decanted  from  the  sulphate  of  baryta  (pemument  white)  can  be  concen- 
trated by  boiling  to  25"  B. 

DentUr  of  xitricAcid,  According  to  ludb,  tho  specific  gravity  of  nitnc  acid  bears  to  the 
quantity  of  concentrated  acid  contained  the  following  relation: — 


100  parts  contain 


Density* 


icx>  parts  contain 


'    ^  '^ 

NH03, 

N,05. 

ato°. 

at  i5«>a 

100*00 

85-71 

1*559 

1^530 

97'oo 

8J-14 

1-548 

1-520 

94'oo 

80-37 

t*5J7 

1-509 

93-00 

78-85 

1-529 

1-503 

91-00 

78-00 

i*5ab 

1-499 

90-00 

77'i5 

1-522 

I '495 

8500 

72-86 

1*503 

1-478 

So'oo 

68-57 

1-484 

1-460 

75'oo 

64-28 

1-465 

1-443 

69-96 

6000 

1-444 

i'423 

65-07 

5577 

1-420 

1*400 

60-00 

5i'43 

«  393 

'•374 

NH03. 

55-00 

5o'99 
45-00 
40-00 
33-86 
30*00 

^571 
23-00 
20*00 
1500 
11-41 
400 
2-00 


47'i4 
4370 

3S'57 
34*^8 

2902 

^571 

22*04 

1971 

17-34 

J  2  85 

977 

3'42 

171 


Density, 

i -"— > 

atoo    ati5'€. 


1-365 
I -341 
1-300 
1*267 
1*226 
I -200 
1-171 
i'i53 

I'I32 

1-099 

i'075 
1-026 
1-013 


1346 
1-323 
1*284 

1*251 
1*211 
ri85 
1-157 
1-13^ 

i-oSg 
1-067 
1*022 
i-oio 


lliG  following  table  exhibits  eomparatiTe  data  of  density  and  degrees  according 
to  Baum« :  — 

100  parts  conUin  at  100  ports  contain  at 

13°  a 


Degrees  according 
to  Baume. 

T^fni«!ty. 

OP 

KHO3. 

1 
N,Oj. 

6 

ro44 

67 

57 

7 

ro52 

8-0 

6-9 

9 

1-067 

10-2 

87 

10 

1075 

11*4 

9-8 

*5 

rii6 

17*6 

i5-> 

20 

i-i6i 

24'3 

S07 

25 
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3IH 

26"9 

30 

I '36 1 

39*^ 

335 

35 

1*321 

48-0 

41-1 

40 

1*384 
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45 

i^454 

72-2 

6f9 

46 

1-470 

76-1 

65-s 

47 

1-4^5 

Soa 
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NH03, 

7-6 

9-0 
11-4 
127 
19'4 
36*3 
33*8 
415 
507 
617 
7S-4 
H3'o 
87-1 


6'5 

77 

10*9 
16-6 

i2'5 
28*9 

35-6 

43*5 

72-2 

7t*t 

7r7 
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4/»B. 

correspond  to  96°  Twaddle. 

46«M 

»i 

920 

,1 

45^,. 

,, 

880 

II 

43^  M 

840 

42^  M 

800 

»t 

38«» 

70° 

It 
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600 

>> 

29**,, 

,, 
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>» 
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>i 
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300 

II 
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It 

/»,, 
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II 

Nitric  acid  of  1*52  sp. 

,  gr.  boils  at  86P 

>» 

1-50 
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», 

1-45 

ii5« 

,, 

1-42 

1230 

9» 

1-40 

1190 

» 

1*35 

1170 

»t 

1-30 

1130 

»* 

I -20 

1080 

>> 

I-I5 

1040 

14? 


iKitricAdd.  When  in  the  preparation  of  nitric  acid  there  is  taken  for  i  mole- 
cule of  nitrate  of  potassa  i  molecule  of  sulphuric  acid,  there  is  obtained  by  distilla- 
tion a  reddish-yellow  fluid,  consisting  of  a  mixture  of  nitric  and  hjrponitric  acids, 
known  as  red  fuming  nitric  acid.  When  equal  molecules  of  nitrate  of  potassa  and 
sulphuric  acid  are  taken,  only  one-half  of  the  quantity  of  nitric  acid  is  expelled, 
while  the  other  half  is  decomposed  into  hyponitric  acid  and  oxygen,  the  former 
combining  with  the  nitric  acid,  and  forming  the  fuming  nitric  acid.  WTien  in  the 
preparation  of  nitric  acid  by  the  decomposition  of  the  potassium  or  sodium  nitrate, 
two  molecules  of  sulphuric  acid  are  employed,  all  the  nitric  acid  in  those  salts  is 
obtained,  and  there  remains  in  the  retort  bisulphate  of  either  base.  When  nitrate 
of  Bodft  is  employed,  it  is,  owing  to  the  easier  decomposition  of  this  salt  by  sulphuric 
acid,  not  necessary  to  use  exactly  2  molecules  of  sulphuric  acid ;  1*25  to  1*50  mole- 
cules of  that  acid  have  been  found  to  bo  practically  sufficient.  100  parts  of  Ghili- 
saltpetre  yield  120  to  130  parts  of  nitric  acid  at  36*  B. 

Tie  red  fuming  nitric  acid  is  now  generally  prepared  by  adding  to  the  ordinary 
concentrated  nitric  acid  a  substance  which  effecta  its  decomposition.  Sulphur 
has  been  employed  for  this  purpose,  but  starch  is  generally  used,  and,  according  to 
M.  C.  Brunner's  recipe,  in  the  following  manner:— To  100  parts  of  saltpetre, 
3  J  parts  of  starch  are  added,  and  placed  in  a  capacious  retort,  into  which  is  poured 
100  parts  of  strong  sulphuric  acid,  sp.  gr. = i  -85.  The  distillation  usually  sets  in  with- 
out the  aid  of  heat,  but  towards  the  end  of  the  operation  the  application  of  a  gentle 
heat  is  required.  100  parts  of  nitrate  of  potassa  yield  by  this  method  ohmxi  60  parts 
of  faming  nitric  acid.  The  retort  in  this  operation  should  not  be  filled  to  more  than 
one-third  of  its  capacity,  owing  to  the  very  strong  evolution  of  gas  which  takes  place. 
Vim  of  Kitrk  Acid.  The  technical  application  of  nitric  acid  is  based  on  its  property  of 
oxidation  when  in  contact  with  certain  substances,  the  acid  splitting  up  into  deut- 
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GEldd  of  nitrogen,  hyponitric  acid,  and  ozone,  tho  latter  forming  with  the  body 
wlilch  caused  tho  decomposition  of  the  acid  either  an  oxide  or  a  peculiar  compound, 
while  the  hyponitric  acid,  when  organic  substances  are  present  capaMo  of  of»nibining 
with  it|  foiTus  tho  nitro-compounds,  nitrobenzole,  nitronapthalino,  nitroglycerin o, 
nitromannite,  nitrocellulose,  or  gun-cotton,  &c.  A  large  number  of  luetalB  lire 
solitble  in  moderately  concentrated  nitric  ncid,  but  the  strongest  acid  fails  to 
ttCt  uj>on  iron  and  lead,  Proteino  compounds,  albumen,  tho  skin  of  the  haudjs,  silk, 
horn,  feathers,  &c.,  are  st^iined  yellow  by  nitno  acid,  hence  the  use  of  this  acid 
in  dyeing  silk*  If  the  acid  is  in  contact  with  these  subatancea  for  any  length  of  time, 
they  are  completely  decomposed,  and  partly  conyerted  into  picric  acid.  Starch, 
cellulose,  and  sugar  are  convei-ted  hy  the  action  of  nitric  acid  into  oxalic  acid ; 
but  very  dilute  nitric  acid  converts  starch  into  dextrine,  and  concentrated  acid 
into  xyloidine.  Owing  to  the  property  nitric  acid  possesses  of  destroying  certain 
pigments — for  instance,  indigo — it  is  sometimes  employed  in  calico  printing  to  produce 
a  yellow  pattern  on  an  indigo  ground-  This  acid  is  also  useil  in  dyeing  wor>llcn 
materials;  in  hat- making,  to  prepare  a  mercurial  solution  used  in  di-essing  felt  hatjs; 
in  the  manufacture  of  sulphuric  acid;  in  tho  preparation  of  lacquers;  in  tho  prepa* 
ration  of  nitrate  of  iron,  a  mordant  used  in  dyeing  tdlk  black ;  for  preparing  picric 
acid  from  carbolic  acid,  and  naphthaline-yellow  from  naphthaline ;  in  the  manufacture 
of  nitrobenzol,  nitrotoluol,  and  phthalic  acid  ;  and  for  the  prepiirution  of  nitrate  of 
wilver,  arsenic  acid,  fulimnate  of  morcurj"  nitroglycerine,  dynamite,  &c. 

Technology  of  the  Explosive  CoMPomrDS. 
«.  QunpowdfTt  and  the  Chemutry  of  Fireworhi^  or  PifToitchny, 

«is(»MiowiwiBO«atnL  The  substauce  known  as  gunpowder,  or  simply  as  powder.  u» 
a  more  or  less  finely  granulated  mechanical  mixture  of  saltpeti'e,  sulphui',  and  char- 
coal, the  quantities  of  those  materials  being  properly  defined.  It  ignites  at  300% 
also  when  touched  with  a  red-hot  or  burning  body»  or  under  certoiin  conditions  1^ 
friction  or  a  sudden  blow.  Powder  under  those  conditions  bums  off  rapidly  but  nol 
instantaneously,  yieltiing  as  tho  products  of  its  combustion  nitrogen,  carbonic  acid* 
or  carbonic  oxide,  while  there  remains  a  solid  substance  consisting  of  a  mixttiro  of 
sulphate  and  c^ai^bonato  of  potaf»SA,  When  the  powder  is  ignited  in  a  closed  yease], 
the  sudden  evolution  of  the  largo  volume  of  gases  causes  a  pressure  impossible  to  b© 
withstood;  and  even  in  guns  and  large  ordnance,  in  which  one  side  of  tho  vcasol  is 
ibrmed  by  the  yielding  shot,  the  metal  forming  the  other  sides  n:ust  posses  great 
elasticity.  In  guns  and  artillerj*  the  pressure  only  lasts  as  long  as  the  ball  is  inside 
tho  gun,  therefore  the  slower  the  combu5«tion  of  the  powder  thniugh  its  entire  maMy 
tho  lower  is  tho  velocity  of  the  projectile. 

icaiivactar*  of  Ouopowdcr.  It  is  csseutial  that  thc  materials  employed  in  the  manufacture 
of  powder  should  be  vorj'pure;  the  saltpetre  should  not  contain  any  chlorides;  the 
sulphur  should  bo  free  from  sulphurous  acid,  hence  not  flowers  of  sulpbur  but 
refined  roll  sulphur  is  used  ;  and  lastly  tho  charcoal  requires  very  groat  etUmtion. 
The  wood  from  which  it  is  intc»udod  to  prepare  a  charcoal  for  gunpowder  should  be 
such  as  yields  tho  least  poscdble  quantity  of  ash,  while  the  charcoal  should  be  soft 
liko  that  used  in  pharmacy.  Tho  sterna  of  tho  hemp  and  flax  plants,  especially  the 
former,  yield  excellent  charcoal,  but  in  consequence  of  the  limited  supply,  the  wood 
of  tiie  wild  plum  tieo  {Prunut  padm)  is  largely  used  in  Qermany,  Franco,  and 
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Belginm ;  and  in  England  the  lime,  willow,  poplar,  horse-chestnut,  vino,  hazel, 
cheny,  alder,  and  other  light  white  woods  are  employed  for  this  purpose.  All  these 
yarieties  yield  on  being  carbonised — effected  in  various  ways,  in  retorts  similar  to 
thoee  used  in  gas-works,  in  pits  dug  in  the  earth,  by  the  aid  of  superheated  steam, 
the  wood  being  placed  in  boilers,  &c. — from  35  to  40  per  cent,  charcoal.  The  tem- 
perature during  the  progress  of  carbonisation  being  kept  as  low  as  possible,  there  is 
obtained  a  very  soft  reddish-brown  charcoal,  known  as  charbon  roux.  The  charcoal 
prepared  in  cylindrically-shaped  retorts  is  very  inappropriately  designated  distilled 
charcoal. 

c?p§5S?M2£2Jm4.         These  operations  include  :— 
I.  The  pulverising  of  the  ingredients.     2.  The  intimate  mixing  of  these  sub- 
stances.   3.  The  moistening  of  the  mixture.    4.  The  caking  or  pressing.     5.  The 
granulation  and  sorting  of  the  grain,  as  it  is  termed.     6.  Surfacing  the  powder. 
7.  Drying.     8.  Sifting  from  the  dust. 

pviTcrising  tbe  Ingredient*.    This  Operation  cau  be  performed  in  three  different  ways : — 

a.  By  means  of  revolving  drums. 

b.  By  mill-stones ;  or 

c.  In  stamping-mills. 

«.  The  pulverisation  by  means  of  revolving  drums  is  an  invention  due  to  the  French 
revolution,  and  has  the  advantages  of  being  very  effective,  rapid  in  execution,  and  of  pre- 
venting the  flying  about  of  the  ingredients  in  a  fine  dust,  llie  drums  are  made  of  wood, 
lined  with  stout  leather,  and  provided  with  a  scries  of  projections.  The  substance  to  be 
pnlverised  is  put  into  the  drum  with  a  number  of  bronze  balls  of  about  J  inch  diameter, 
their  action  aided  by  that  of  the  projections,  when  the  drum  is  turned  on  its  horizontal 
axis  at  a  moderate  speed,  soon  effecting  a  reduction  to  a  fine  powder.  The  charcoal 
and  solphur  are  separately  pulverised;  the  saltpetre  being  obtained  as  a  flour.  (See 
Saltpetie.) 

b.  Grinding  by  the  aid  of  mill-stones.  Two  heavy  vertical  stones,  similar  to  those  in 
use  for  crushmg  linseed,  i-evolve  on  a  flxed  horizontal  stone.  This  contrivance  is  the  most 
freqaently  used. 

c  Stampers  are  now  employed  only  in  small  powder-mills.  Frequently  10  to  12  stamps 
made  of  hard  wood  are  placed  in  a  row,  each  stamp  being  flttcd  with  a  bronze  shoe,  the 
entire  weight  being  about  i  cwt.  The  stamps  are  moved  by  machinery,  and  make  from 
40  to  60  beats  a  minute.  The  materials  to  .bo  pulverised  are  placed  in  mortar-shaped 
cavities  in  a  solid  block  of  oak  wood,  each  cavity  containing  16  to  20  lbs.  In  Svdtzerland 
hammers  instead  of  the  stampers  are  employed. 

xixbiK  the  Ingredients.  Tho  mixing  is  performed  by  the  aid  of  drums  similar  in  size 
and  shape  to  those  used  in  the  pulverisation,  but  made  of  stout  leather  instead  of 
wood.  The  mixing  of  100  kifos.  of  the  ingredients,  aided  by  tho  action  of  150  bronze 
balls,  takes  fully  three  hours,  the  drum  making  ten  revolutions  a  minute.  It  is 
usual  to  moisten  the  materials  with  i  to  2  per  cent,  of  water,  supplied  by  fine  jets 
regulated  by  taps. 

When  stami)ers  and  mill- work  are  employed,  the  sulphur  and  charcoal  are  first 
separately  pulverised  by  1000  blows,  and  saltpetre  having  been  mixed  with  these 
ingredients  in  the  proper  proportion,  the  machinery  is  again  set  in  motion,  and  at 
first,  after  every  2000  blows,  and  then  after  every  4000  blows,  tho  contents  of  the 
stamp-holes  are  removed  from  the  one  to  the  other,  this  operation  being  repeated 
some  six  or  eight  times.  Where  drums  are  used  for  the  mixing  operation,  the 
moistening  takes  place  after  the  mixture  has  been  removed  to  a  wooden  trough, 
where  8  to  10  per  cent,  of  its  weight  of  water  is  added,  care  being  t^ken  to  stir  with 
a  wooden  spatula. 
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This  Operation,  wluch  in  stamping-millfi  is  t!i6  last  of  a  continuous 
Bories,  is  separately  performed  wkoro  other  machinery  ia  employed.  In  the  French 
and  Gorman  powder-mills^  tho  compression  is  effected  in  a  rolling-mill » the  rollers 
having  a  diameter  of  0*6  metro.  The  lower  roller  is  made  of  wood,  tho  upper  of 
bronze ;  betwoea  the  two  an  endless  piece  of  stout  luien  is  arranged »  and  upon  this 
tho  moist  powder  is  placed.  The  cakes  are  i  to  2  ccntims,  in  thicknosa»  with  tho 
hardness  and  very  much  tho  appearance  of  clay -slate. 

The  operation  of  pressing  is  of  great  iiiiix>rtaiice ;  tho  stronger  the  presiure  the  greater 
the  quantity  of  active  material  present  in  a  givm  bulk,  and  Iicnce  the  larger  the  Toltlllie 
of  gaa  given  off  by  tho  ignition  of  the  powder.  In  majiy  English  powder-mills  the 
pleasing  is  effected  by  very  powerful  hydraulic  machines^  becnn^,  within  ccrtiiin  limits, 
the  more  the  materials  are  pressed,  the  more  slowly  tho  powder  bums,  when  finished, 
while  the  tcmperatiiro  of  ignition  being  lower^  tho  expani^lon  of  tlio  ga>«c8  is  less.  If  the 
powder  were  tiniahed  either  without  ho-iing  undergone  any  pressure  at  all,  or  with  only  a 
slight  prcBSure,  it  would  act  as  a  detonating-powder,  the  deoompoaitiou  being  instan- 
taneous  throughout  it«  entire  moBB. 
owtnintiDd  c.f  III*  Cake,     nn^Q  conTeision  of  the  cake  iuto  ^rranules  is  effected — 
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1,  By  means  of  sioyes. 

2,  By  means  of  poeuliarly- constructed  rollers,  Congrovo's  method  ;  or 

3,  According  to  Champy's  method. 
The  granulation  of  gunpowder  by  the  aid  of  sieycs  is  carried  on  in  tho  foliowi 

nuumer  :— Tho  aioTes  consiat  of  a  circular  wooden  frame,  across  whieh  a  piece  of  part 
jnent  is  stretched  perforated  with  holes ;  tho  nieces  are  distinguished  according  to  their 
uses,  and  by  the  aize  of  these  holes  ;  that  employed  for  breaking  up  the  cako  having  larger 
holfiSi  and  bearing  a  name  different  frotn  the  sifiYM  naed  to  produce  the  granules :  this 
aiere  again  being  distinguished  from  that  ezuployed  for  sorting  tho  powder  into  the 
vurloudfy  sised  grain  as  commercially  known.  The  sieves  aro  provided  with  a  scMadled 
rummer,  a  Icns-shaped  disc  made  of  hard  wood,  guaiac^  box,  or  ouk-wood^  motion  being 
imparted  to  the  sieves  by  hand  if  they  are  small,  or  by  fiuitablv  arranged  machinery  VI 
they  are  large,  in  which  case  Ledebvre's  granulnting-machine  fitted  with  eight  sieves  in  an 
octagonal  vrooden  frame  is  gOQeraUy  employed. 

CJongreve's  granidating-machine  consists  of  three  pairs  of  brass  roUers,  0*65  metre  in 
diameter,  provided  with  diamond-aliaped  projections  2  milUmetres  high,  the  projections 
of  the  upper  rollers  being  coarser  thiin  those  of  tho  others.  The  bioken«up  cake  is 
conveved  to  the  upper  rollers  by  means  of  an  endless  canvas  sheet.  The  mode  of  feeding 
this  efieet  is  somewhat  peculiar  and  in^pcmous :  tho  loose  bottom  of  a  square  box  filled 
with  coarsely-pounded  cake  is  made  to  nso  slowly  upwards,  and  discharge  the  cake  uni- 
formly upon  the  iklioet  through  an  opening  in  the  siue  of  the  box.  The  colco  while  passing 
through  tho  rollers  is  granulated,  and  then  ahowered  upon  two  seta  of  wire-gauze  air " —  " 
wlueh  a  to*and-fro  motion  i^  imparted.  Bdow  these  sieves  again  is  a  framo  conti 
wir  '     '  h(}  meshes  of  which  are  too  small  to  admit  of  the  passage  of  ordnance  pon 

wl  I  '  and  cartridgC'powder  readily  fall  througli  ujHm  another  wire-gaoaop  \ 

mc  Moh  retain  tho  rifle^powder  but  It^t  the  dust  p.'ws.    The  quantity  ol  d 

HUkW  by  tiio  Googreve  machine  is  very  small,  o\%nng  to  thS  fact  that  the  rolk'ra  do  not 
crush  but  break  the  oake.  Champy  a  method,  by  which  a  very  round- graint^  powder  is 
obtained,  is  performed  in  the  following  mannttr : — Through  tho  hollow  axis  of  a  woodsn 
drum  a  oojiper  tube,  perfoi-uted  with  very  small  holes,  is  carried,  and  from  theao  hulflS 
water  spouts  in  a  fine  spray  upon  tho  brokcii-up  powder-cake  placed  in  the  dram,  to 
which  a  comparatively  rapid  motion  is  irapfirted.  l^ch  drop  of  wat<T  forms  the  nucleus 
of  a  grain  of  powder,  which  is  constantly  increasing  in  size  by  being  turned  roand  in  tlic 
midst  of  a  mass  of  damp  powder>cako ;  tho  rotation  of  the  drum  i.^  di^^continued  as  soon 
an  the  grain  has  attained  a  sufllciont  size.  Tho  powder  thus  obtain t>tl  it*  tilmost  porfcctly 
globidar,  but  not  of  tho  same  size;  the  sorting  is  effected  by  meanM  of  sieves,  the  ovflH 
sixod  grains  being  returned  to  the  drum,  as  well  a^  tho  undersized  grains,  which  beooi 
the  nuclei  of  proper^sized  grain.  AooordiDg  to  the  Berne  method,  round-grained  powd 
ts  prepared  by  esusing  the  angular-shaped  powder  to  bo  rotated  in  stout  liucn-bags ;  but 
by  tbui  plan  much  dust  is  forroed. 

onwSftoirfOTrder.  ^^^  ^^^  ^^  ^^^^  oporatiou  is  to  impart  symmetry  to  tho  grain,  and 
to  separate  all  the  dust.  It  is  performed  in  drums  similar  to  those  described  above ; 
5  cwts.  of  the  powder  is  polished  at  a  time,  the  drums  roiafing  slowly  for  a  few  hour«^ 
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In^  some  countries  the  polishing  is  effected  by  placing  the  powder  in  casks  internally 
provided  with  quadrangular  rods.  In  Holland,  Dr.  Wagner  states  that  some  black-lead 
18  added  to  the  powder  during  this  operation  to  prevent  ignition,  but  this  is  not  generally 
done.  Highly-polished  powder  does  not  readily  attract  moisture,  and  is  to  be  preferred  in 
a  very  damp  climate. 

Drjiiicth*  Powder.  It  IS  cloar  that  this  operation  requires  very  great  care  in  more 
than  one  respect.  In  small  powder-works  the  powder  is  sometimes  dried  bj' 
exposure  to  tho  heat  of  the  sun,  being  spread  out  on  canvas  sheets  stretched  in 
•wooden  frames ;  or  tho  drying-room  is  heated  by  a  stove.  In  largo  powder-mills 
other  methods  of  dryii\g  tho  powder  are  general. 

The  quality  of  the  powder  verr  much  depends  on  the  care  bestowed  upon  the  drying. 
A  too  rapid  drying  entails  the  foUo\^'ing  disadvantages  : — a.  Tlio  powder  may  be  very  wet 
and  not  polished ;  coarse  ordnance  and  ordinary  military  powder  is  never  polished,  and 
hence  blackens  the  hands :  while,  although  the  water  is  driven  off,  the  nitre  is  carried  to 
tiie  surface  of  the  grain,  which  thereby  cakes  together,  b.  By  tho  too  rapid  evaporation  of 
the  water,  channels  and  cracks  are  made  in  the  grain,  impairing  its  density,  increasing 
its  bulk,  and  rendering  it  more  hygroscopic,  c.  Lastly,  rapid  drying  entails  a  largo 
amount  of  dust.  For  these  reasons  gunpowder,  before  being  placed  in  the  drying-rooms, 
is  exposed  for  some  time  to  a  gentle  heat  in  a  weU-ventilated  room,  the  heat  from  a  waste 
steam-pipe  being  sufficient. 

siMnjj^^Djrtfrom  Having  boon  dried,  tho  powder  is  sometimes  glazed,  as  it  is 
termed;  that  is  to  say,  again  polished  in  tho  manner  above  described ;  but  generally 
this  second  polishing  is  dispensed  with,  and  tho  dry  powder  cleansed  from  the  dust 
which  adheres  to  it,  by  being  placed  in  bags,  made  of  a  peculiar  kind  of  woollen 
fabric,  and  arranged  in  frame- work  to  which  a  to-and-fro  motion  is  given  by 
machinery,  the  fine  dust  passing  between  tho  threads  of  the  fabric  into  a  box.  The 
loss  thus  occasioned  amounts  on  an  average  to  0*143  per  cent.,  tho  dust  consisting 
chiefly  of  charcoal. 

Propcrttos of Ganpowder.  Good  powdcr  is  rccognised  by  the  follo\\dng  properties: — 
I.  Its- colour  should  bo  slate-black;  when  blue-black  it  indicates  that  tho  powder 
contains  too  much  charcoal,  while  a  deep  black  colour  shows  the  powder  to  bo  damp. 
If  the  charcoal  employed  was  tho  so-called  charhon  rotiXy  tho  colour  of  the  powder 
will  T>e  a  brown-black.  2.  It  should  not  be  too  much  polished  so  as  to  shine  like 
burnished  black-lead.  Small  shining  specks  indicate  that  tho  saltpetre  has  crystal- 
lised on  tho  surface.  3.  The  grains  should  bo  uniform  in  size,  unless,  of  course," 
two  differently-sized  powders  have  been  mixed.  4.  Tho  grain  should  crack  uniformly 
when  strongly  pressed,  should  withstand  pressure  between  tho  fingers,  and  should 
not  be  readily  crushed  to  powder  when  pressed  between  tho  hands.  5.  When  pul- 
verised the  mass  should  feel  soft;  hard  sharp  specks  show  that  tho  sulphur  has  not 
been  well  pulverised.  6.  Powder  should  not  blacken  the  back  of  tho  hands  or  a 
sheet  of  white  paper  when  gently  rubbed.  If  it  does  so,  there  is  either  powJer-dust 
or  too  much  moisture.  7.  When  a  small  heap  of  powdcr  is  ignited  on  paper  the 
combustion  should  be  rapid,  completely  consuming  the  powder,  and  not  setting  fire 
to  the  paper.  If  black  specks  remain,  tho  powder  either  contains  too  much  charcoal, 
or  it  is  an  indication  that  that  substance  has  boon  badly  incorporated  with  tho  rest 
of  the  materials.  Yellow  streaks  left  after  the  ignition  show  tlio  same  defects  for 
the  sulphur.  If  no  grains  of  powdcr  remain,  it  is  a  proof  that  tho  powder  was  not 
well  mixed;  when  any  remaining  grains  of  powder  cannot  bo  separately  ignited,  tho 
saltpetre  used  was  impure.  If  tho  powder  on  being  ignited  sots  firo  to  tho  paper,  it 
is  a  proof  that  it  is  either  damp  or  of  very  inferior  quality. 
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The  fact  tliat*difforoiit  kinds  of  powder,  aUliough  of  tlie  same  weigtt  to  tlio  cuWc 
foot,  do  not  have  tho  somo  specific  gravity,  is  shown  by  the  foUowing  table : — 

I  cubic  foot 
in  pouudji  weight,        Sp.  gr 

Neiflse'u  ordnmao©  p<ywder 60  177 

.,  »,  „        (newmill)      ..      ..  60  i'67 

Berlin  ordnance  powdor 60  1  '63 

Haa&ian  ordnance  powder  . .      ,.  60A  1-56 

Beme  ordnimce powder  (No,  6)         -  *  591  I'^J 

Bexiin  rifle  powder  (new  mill)  ,.,.....  60  r63 

Berne  rifle  powder  (So.  4) 6o|  1  -67 

HoiinBlow  riflo  powder       .......*♦.  59  172 

Berlin  sportinflr  powder  [old  mall)     ,.      ..      .  ♦  62  177 

IJG  Boutiiet' 9  sporting  powder  .  ♦      59  j  t'87 

Very  coarse-grained  ordinary  Dutch  powder . »  (x^\  187 

Very  ooorse-gTAini^d  ordinary  Anstrian  powder  64 ^  172 

li^anpowder  can  absorb  more  than  14  per  cent-  of  moistui'o  from  tho  air  j  if  tho 
quantity  of  water  thus  takon  tip  is  not  above  5  percent.,  tho  powder,  on  boing  gently 
dried,  reassutnes  its  foi-mor  activity;  but  U  the  quantity  of  water  abaorbod  exceeds 
that  amoontf  the  gunpowd««r  will  not  bum  off  rapidly^  and  when  dried  tho  singli 
grains  bocomo  covered  with  an  effloreaoenc^j  of  saltpetre,  of  course  impairing  1 
oomposition  and  active  qutvlitioa  of  tho  powder.  Even  what  is  termed  dry  powde 
contains  at  lea&t  3  per  cent,  of  hygTC>scopic  moisture.  Powder  can  be  exploded  by  i 
hoavy  blow  as  well  as  by  an  increase  of  temperature,  and  as  regards  its  explosion 
by  a  blow,  very  much  depends  upon  tho  nmterial  ui)OU  which  it  is  placed  and  with 
which  the  blow  is  impart^^d.  Tho  foUowing  list  exhibits  in  decreasing  order  tho 
materials  between  which  a  blow  most  reatlily  ignites  powder;— Iron  and  iron,  iron 
and  brass,  brass  and  brass,  lead  and  lead,  lead  and  wood,  copper  and  copper,  copper 
'ind  bronze.  For  this  reason  gunpowder  magazines  are  provided  with  doors  tumii 
ui>ou  bronze  and  copper  hinges,  tho  locks  al^o  being  of  copper.  When  dry  powdo 
is  rapidly  heated  to  above  300"  it  explodes.  Even  if  only  a  ver)'  small  portion  of  the 
]>«^wder  is  thus  rapidly  elevated  in  tempefiiture,  tho  entire  quantity,  be  it  large  iir 
small,  13  exploded;  hence,  a  verj'  small  quantity  touched  by  a  red-hot  or  burning 
-body  is  sufficient  to  eifect  an  explosion.  It  is  generally  held  that  the  charcoal  i«^ 
first  ignited,  and  that  it  spreads  tho  ignition  to  iha  other  materials,  Althougl 
ilr,  Ileanler  found  by  exponment  that  powder  does  not  ignite  when  touched  wit 
a  rod-hot  platinum  wire  while  under  the  receiver  of  an  air-pump.  Professors  rJ 
Schr^tter  and  Abel  proved  that  gunpowder  so  placed  ignited  rapidly  when  heat*^ 
by  a  spirit- lamj)- 

t^nQparftiott  Pt  Q9npowftr.     Gunpowder  oonsUits  very  nearly  of  2  moleenlaf  of  saltpetre^  I  1 
cule  of  stdphar,  and  3  of  ehurcooL    Aecordingiy  loo  parts  of  powder  oeutain — 

Saltpetre 74S4 

Sulphur      . .     11 84 

Oharooal  (No.  I.)      '13^ 

Tho  above  figures  ap^ximatelv  ©xpreaa  tho  compodtloti  of  the  best  kinds  n(  hpoiling 
nod  rifle-powdiart  Oramazy  powders,  saeh  as  blasting-powder,  oomist  of  nearly  equjd 
tnoleealoa  of  nitrate  of  potasm  and  sulphur,  with  6  mculfteolw  of  eharooal.  ^iccurdiugty 
100  parts  oontftb — 

Saltpetre     . . 66-03 

Sulpliur      t io'45 

Charooal  (No,  II.) 23*52 
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PiQj^^  of  ff^         D18.  Bunsen  asd  SduBchkoff  f onnd  tho  composition  of  a  sporting  and 
OibMrton  of  Powder,  rifle-powdcr  to  le,  in  100  parts,  as  follows : — 

Saltpetre     78*99 

Sulpnur       9-84 

/  Caroon 7-69 

Chan>oal  consisting  of    gyarogen   ..     ..     ..     ..     ..     ..      0-41 

\  Ash       traces 

The  residue  of  this  powder  after  combustion  was  found  to  consist  of — 

Sulpnate  of  potasea      56*62 

Carbonate  of  potassa 27*02 

Hyx>osulphite  of  potassa     7*57 

Sulphurct  of  potassium       1*06 

Hydrated  oxiae  of  potassa  (caustic  potassa)    . .       1-26 

Suiphocyanide  of  potassium       o*S6 

Saltpetre 5*19 

Carbon 0*97 

Carbonate  of  ammonia )  . 

Sulphur r™^« 

10055 
It  appears  from  this  analysis  that  the  residue  left  after  ignition  of  the.  gunpowder 
eomnsts  essentially  of  sulphate  and  carbonate  of  potassa,  and  not,  as  has  been  formerly 
stated,  of  sulphurct  of  potassium.    The  composition  of  the  smoke  of  the  powder  was 
asoectained  to  be — 

Sulphate  of  potassa      65*29 

Carbonate  of  potassa 23*48 

Hyposulphite  of  potassa      . .     . .       4*90 

Sulphurct  of  potassium       ....  — 

Caustic  potassa      1*33 

Sulphocyanide  of  potassium       . .       0*55 

Saltpetre 3-48  ^ 

Carbon  (charcoal) i  -86 

Scsquicarbonate  of  ammonia      ..       0*11 

Sulphur — 

100*00 
From  these  figures  it  is  clear  that  the  smoke  of  gunpowder  consists  essentially  of  tlio 
some  substances  as  the  residue  from  the  combustion,  the  only  diifcrcnco  being  that  the 
sulphur  and  nitrate  of  potassa  of  the  powder  have  been  more  completely  converted  into 
Buiuhate  of  potassa,  while  instead  of  the  sulphurct  of  potassium,  carbonate  of  ammonia 
msjces  its  appearance.  100  parts  by  volume  of  the  gaseous  proilucts  of  the  combustion 
were  found  to  consist  of — 

Carbonic  acid 52*67 

Nitrogen 41*12 

Oxide  of  carbon 3-88 

Hydrogen       1-21 

Sulphuretted  hydrogen        . .      . .       0*60 

Oxygen *  . .      . .       052 

Protoxide  of  nitrogen — 


loooo 
Tlie  solid  residues  of  combustion  formed  during  the  generation  of  the  gases  were  found 
tobo— 

Sulphate  of  potassa      62*10 

Carbonate  of  potassa 18*58 

Hyposulphite  of  potassa  . .       4*80 

Smphuret  of  potassium       ..  3*13 

Sulphocyanide  of  potassium  .     . .       0*45 

Nitrate  of  potassa 5-47 

Charcoal 1-07 

Sulphur o'2o 

Sesquicarbonate  of  ammonia      . .       4*20 

loo-oo 
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The  decooipo&itioiL  of  powder  by  its  ig^tion  maj  be  rcpreaented  by  tbe 
fonnnliip : — » 

K,CO, 

,KCNS 
KNO, 


t  gniL  of  jKJwdcr 


I  Saltpetre 


0789 
0098  j 
(Co  076 
Charcoal  \  Ho'oo4 
I O  0030  J 


yields  after 
combustioiL! 


Eosidae^ 
0'68o 


follow 

Grm* 

0422 

0126  , 

0-032  j 

o-o2r»n 

0003 

0037 

0007 

0001 

0*028 


Gases 
0-314 


0-994 


Gnn- 
0-0990  : 
(•2010  ; 
CO'  00090 
roooz 
00018 
0-0014 


I93ifl 


Aocording  to  the  recent  researchea  of  Mr.  Craig,  and  later  inTestigations  of  M.  ludoi^ 
(1869),  the  products  of  the  comb^wtion  of  powdtr  Ynry  acconling  to  the  piW'iSTir© 
substance  i»  subjiected  to  whilo  being  ignittd.  There  lui^  not  hitherto  been  found 
reaQy  effective  aubstitute  for  gunpowder;  fulminates  and  mixtures  contaiuLug  ehJo 
of  potas^ui.  ignite  too  quicMy  and  cause  the  bursting  of  the  gun,  while  guji- cotton  yiddi 
among  its  products  of  ignition  water  and  nltroui}  acid,  which  act  destructively  on  tlie 
m^tal,  and  also  interfere  with  continued  firing. 

KtirktiukiorisiMttBf         UndcT  the  nume  of  prroneno  there  is  sold  n  new  kind  of  blAitui^- 

I'iowdw,  powder^   cttnsibting  of  nitrate  of  aodii   52*5  partSt  aulphnr  SOy  «w 

tpent  t^n  27*5  p«rt«.     It  is,  of  courJ!<.>,  far  cheaper  than  ordinary  powder,  but 

not  very  u.seful  nor  active       -  —•  - 


Captain  Wyuand^r  of  Belgium,  has  suocoaafuHy  introdn 
II  substance^  to  which  bo  has  gfiven  the  name  saxifragine,  consiating  of  nitrate  of  barytft 
76,  chareoal  22,  and  nitrate  of  potassa  a  part^.  Schultze'B  (1S64)  wood-^rtmpowder  consists 
of  granulated  wood  troatod  with  a  tnixturo  of  nitric  and  sul|}huno  acidi^  and  next 
impregnated  with  a  solution  of  nitrate  of  potaasa ;  this  matenal  is  mnnufiictured  at 
E^ewortli  Lodgf*^  Hants.  M.  Bondisch  has  invented  a  process  by  wliich  thiii  wood- 
gunpowder  may  bo  oompressed  into  a  solid  substance  exerting  great  power,  and  free 
from  danger  by  transport.  Lithofracteur,  a  wliite  blast ing-nowder  uid  in  Bclgitim, 
is  a  substnnee  airailar  to  gun-cotton.  The  haloxylin  of  MM.  Neumeyer  and  FehkisGU  is 
a  mixture  of  charcoal,  nitre»  and  yellow  prujisiate  of  potas«a.  Callou^s  blasting  powder 
is  a  mixture  of  chlorate  of  potassa  and  oriJiment.  Nitrolemu  i»,  in  fact,  nitroglycerine, 
which,  with  dynamite  and  dimlin«  will  bo  epokcn  of  presently.  Picrate  of  potassa  is  used 
in  Fran<;e  and  in  England  for  filling  shells  intended  for  the  destruction  of  armour-plated 
ships,  and  for  the  manufacture  of  picrate  gunpowder, 

T«attiurtbeStr«fiKtb  lu  ortltT  to  det-enmne  the  strength  or  projectile  force  of  gunpowder* 
wroanpttii d<<^r,  ^^^  which  for  equapty  of  composition  is  dependent  on  the  mechanical 
treatment  the  iKuwdcr  has  undergone,  the  following  apparatus  are  used : — Test  mortiir, 
rod  testing  macliiue,  lever  testing  machine,  bsllistio  pendulum,  aud  chronoscope.  The 
fiisfc  of  these  contrivances  is  a  piece  of  hcary  ordnance^  charged  witli  92  grma.  of  powder^ 
and  aboil  weighing  294  kilos.,  the  mortar  being  placed  at  an  angle  of  45°.  The  boro  of 
the  mortar  is  191  millemetrcs  in  diameter  by  239  in  depth.  Powder  of  good  quality  dionld 
propel  the  ball  a  diBtanco  of  225  metres*  and  m-quently  the  ball  is  carried  a  distanoe  of 
250  to  260  metrod.  The  rod  gunpowder  testing,  apparatus  consists  of  a  mortar  placed 
Tertically,  and  which,  when  chaigod  with  22  to  2t  grms,  of  powder,  lifts  a  weight  of  S  Iba., 
made  to  move  between  tootlied  rods ;  by  tlio  height  this  weight  is  raided,  springs  attsjchcd 
to  the  weight  fastening  in  the  notches  of  the  rods  and  holding  it,  the  quality  of  the  powder 
i*  judged. 

White  btinpowdcr.  In  the  y«ar  1849  M.  Augendro  brcmght  out  a  new  kind  of  gunpawdor» 
which,  under  the  names  of  German  white  and  American  white  gunpowder,  mia  been 
occaaionaUy  employed.  This  powder  oonsists  of  yellow  pruaaiate  of  potassa,  chloirito  of 
potaosaf  and  cane  sugar.  The«e  materials,  baling  been  tnoioughly  muced  in  a  dij  siftWi 
ooiL  be  used  in  powder  or  in  grams,  igniting  in  contact  with  red-hot  and  flaming  sttbstanoeft 
but  not  by  fiietiou  nor  percussion.    This  white  gnnpowder  moy  be  pteferrod  to  Hit 
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ordinary  powder  for  the  following'  reasons : — Being  conij>08ed  of  imrarying  substances, 
this  powder  can  always,  by  weighing*  out  the  proper  quantities  of  each  ingredient,  be 
obtained  of  uniform  streng^  and  quality.  The  ingredients  are  not  hygroscopic  to  any 
extent,  And  are  not  acted  upon  by  exposure  to  the  air.  The  manufacture  requires  but  a 
yery  short  time,  the  projectile  force  is  far  greater,  and  the  powder  need  not  be  granulated. 
On  the  other  hand,  this  powder  acts,  during  its  ignition,  so  very  strongly  upon  iron  and 
steel  that  it  can  only  be  used  in  bronze  ordnance,  and  in  the  filling  of  shells,  &c.  It 
is  more  readily  fired  than  ordinary  gunpowder,  although  less  so  than  other  mixtures 
containing  chlorate  of  potassa.  FinaUy,  its  manufacture  is  yery  expensive.  According 
to  the  experiments  of  J.  J.  Pohl  (1861)  on  this  subject,  the  following  is  the  best  recipe 
for  this  powder : — 

Yellow  prussiate  of  potassa 28  parts 

Loaf  Sugar       23    „ 

Chlorate  of  notassa 49    >» 

This  mixture  is  approximatively  equal  to — 

I  molecule  of  Prussiate  of  potassa, 
I         „  Sugar, 

3  molecules  of  Chlorate  of  potassa ; 
corresponding  in  100  parts  to  28*17  of  prussiate  of  potassa,  2278  of  sugar,  and  49*05  of 
chlorate  of  potassa.  As  no  accurate  and  reliable  analyses  of  the  products  of  the  com- 
bortion  of  this  powder  have  been  made,  and  as  these  products  will  vary  with  respect  to 
the  conditions  imder  which  the  ignition  takes  place,  whether  in  open  air  or  in  a  close 
Tesael,  it  can  be  merely  calculated,  tliat  aMsuming  complete  combustion  to  take  place, 
100  parts  of  this  powder  will  yield : — 

Nitrogen 1*865  parts 

Carbonic  oxide  ..  11*192    „ 

Carbonic  acid         ..      ..  17*587    „ 

Water     16*788    „ 

Total  gaseous  products       . .  47*442    „ 
The  solid  residue  will  consist  of — 

Cyanide  of  potassium  . .   1 7*385  parts 
Chloride  of  potassium . .  29*840    „ 
Carburet  of  iron  (TeC^)      5*333    „ 

Total  non-volatile  products      52*558    „ 

The  bidk  of  gaseous  matter  evolved  by  the  ignition  of  100  grms.  of  this  powder,  taken 
at  oP  and  760  m.m.  Bar.,  is  as  follows  : — 

Nitrogen..      ..     19270  cubic  centime. 
Carbonic  oxide      8942*9  „ 

Carbonic  acid       8942*9  „ 

Aqueous  vapour  20867*9  „ 

40680*4  „ 

As  the  temperature  of  combustion  is  estimated  at  2604*5"*  ^^^®  quantity  of  tiie  gases  is 

431 162  C.C 

*^'*'p^2chnj?^'"'*'  Under  the  name  of  fireworks  wo  include  ccrtainmixtures  of 
combustible  substances  employed  as  signals,  as  destructive  agents  (for  instance, 
GongroYO  rockets),  and  for  purposes  of  display. 

The  various  forms  are,  according  to  the  end  in  view,  so  contrived  as  to  bm-n 
off  either  rapidly  or  slowly,  and  with  more  or  less  omission  of  gaseous  matter,  heat, 
and  light.  These  mixtures  are  mainly  distinguished  as  heat- producing,  ignition 
communicators  (technically  termed  a  match),  and  light-producing.  The  principle 
of  the  rational  manufacture  of  fireworks,  applying  the  word  in  its  extended  sense,  is 
that  neither  any  excess  of  the  c-ombustiblo  nor  of  the-  combustion  promoting  and 
supporting  agents  should  be  employed,  and  that  unavoidable  accessory  materials, 
viz.,  such  as  are  intended  only  to  keep  the  essential  ingredients  in  a  certain  required 
shape,  the  paper  casings,  &c.,  be  in  precisely  the  quantity  required.    The  best 
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proportions  of  tho  combustible  and  combustion-supporting  substances  can  b©  readily  1 
ascertained  by  tlxeoroticol  calculations ;  for  instanco^  it  will  be  evident  that  a 
mixturo  of  2  eciuivalents  of  saltpetro  and  i  equivalent  of  sulphur  (i),  or  a  mixture 
of  2  equivalents  of  saltpetro  and  5  equivalents  of  sulphur  (2),  is  in  each  instanco 
wrong ;  in  the  latter*  too  much  of  tho  combustible  bodj'  is  used ;  and  in  the  former 
cofio,  too  much  of  the  supporter  of  combustion  is  employed  : — 

(i).  S  can  take  up  fi-om  2lCN0^  at  most  3O,  consccjuently  3O  remain  inactivOt 

(2),  3S  and  2KNO5  yield  either  K^S  and  2SO3,  or  a  mixturo  of  K^SO^,  KSt 
and  SOa ;  in  each  case  some  sulphur  remaining  unbumt. 

We  have  to  bear  in  mind,  however,  that  it  is  not  always  possible  to  elucidate 
theoretically  the  decomposition  of  firework  mixtures,  as  tho  affinity  of  tho  substaneea 
which  react  upon  each  other  is  not  well  known,  and  depends  on  aeceasoxy  con- 
ditions and  comparatively  unknown  infiuonces.  It  will  require  a  moi-e  advanced 
knowledge  of  the  products  of  the  decomposition  of  the  different  substances  and 
their  specidc  heat  before  we  can  predict  with  some  degreo  of  certainty  the  best 
mixtures.  As  regards  tho  existing  mixtures,  they  are  the  result  of  a  lengthy  series 
of  experiments,  really  made  by  rule  of  thumb,  though  with  a  certain  correspondence 
with  tho  best  composition  theory  can  give,  that  is  to  say,  many  of  these  mixtures^ 
have  been  somewhat  modiQed  and  improved  by  modem  science. 

The  rnoTv  rnmnioniT  uatMj    The»e  mixtures  consist  mainly  of  Kaltpctre^  fiulphur,  and  chan)oaI|| 

Fmwork  Mixtum     either  la  the  game  proportiona  sis  thojso  in  use    for  gunpowder,  oil 

,  with  an  excess  of   sulphur  and  charcoal.     Some  mixtures  cont^iin  instead  of  ealtpetml 

[  cMorate  of  potassa  und  other  sfdt««  not  ulwiiys  essc^ntial  to  the  combuHtion,  but  intended  ] 

eltlicr  to  intensify  the  hght  evolved  or  impart  to  it  a  distinctive  colour,  na  in  signals 

and  Bengal  lijrhts. 

cJunpo«d«r  Is  usod  ui  fii«workii  when  it  ia  desired  thot  there  should  bo  projectile  force. 
A  alower  combustion*  of  tho  powdtr  is  obtained  partly  by  the  use  of  the  scMsalled  floor  of 
powder,  that  ts  pulveriHe*!,  not  grunulated  powder,  ptirtly  by  oompresfllng^  the  mLxture.  If, 
AOWever,  it  is  intended  to  produce  loud  reports,  granulated  jKJwder  is  nsea, 

taltpetMindSuipbax  MUiore,     This  consists  of  2  molecules  (73  portd  by  weight)  of  saltpetx^ 
and  I  molecule  (25  parts  by  weight)  of  aulpliur,  and  i»  u^cd  aa  tlie  chief  constitiiaiit  of 
fmch  firework  mixtures  as  are  mtcnded  to  bum  oft  elowly  and  ovoIto  a  stroaff  *'~^'- 
However,  this  mixturo  is  not  used  by  itself  for  two  rcasonn,  \iz.,  it  docn  not  dJ 
a  foffijcient  djogree  of  heat  to  support  ita  continued  combustionf  and  does  not  pos86M  ftl 
mificient  projectile  force,  bein^  capable  of  producing  in  tho  best  posiiiblo  condition  of] 
complete  ignition  only  i  molecule  of  BulphtirouH  add— 

2KN0,+  S  =  K,SO^  4.  S0,+  N ; 
that  lA  to  say,  I  port  by  bulk  of  tlii^  mixture  only  yields  j'zS  volumes  of  gaa^    Tor  than  * 
reaaoDfi  the^  saltpetre-sulphur  mixturo  is  employed  with  cliaroool  or  floury  gunpowder* 

Grcj-eoionred  Mixturo,  Suoh  a  mixtuie,  sanctioned  by  long  use,  is  that  known  as  gxey* 
ooloored  mixture,  oonsistin^  of  93 '46  per  cent*  of  Bidtpetre-sulphur,  and  6*54  of  floury 
gunpowder.  This  mixture  is  the  chief  const  ituent  of  other  compounds  intended  to  bum 
alowiy,  cmittiDg*  at  the  same  time  a  brilliant  hght,  owing  to  the  fact  that  tlio  sulphate  of 
potaasa  formed  by  the  combustion  acts  similarly  to  a  solid  broug'ht  to  an  inoandoiMsent 
'  state.  All  mixtujeB  intended  to  emit  light,  including  coloured  Ughta,  are  prepared  upon 
tlieflamc  principle,  that  tlie  salt  which  ia  to  giro  colour  shall  be  &on*rolatdo  at  tho  '^— 
perature  of  combustion* 

GUont*  orfotMMi  Mittun^  This  salt,  KCIO3,  when  in  presenci)  of  comhuBtiblc  sub- 
stanoes,  gives  off  its  oxygen  to  the  latter  more  readily^  rapidly,  and  completely  Ihan  fialt* 
petrs ;  aooordingly  this  salt  is  ui«d  in  all  mixtures  in  which  it  is  deaired  to  combine  rapid 
tgnitkiQ  with  combust! on>  Formerly  a  mixturo  of  80  parts  by  weight  of  chlorato  of 
potasaa  and  30  parts  of  suhihur,  was  added  to  iateniBify  and  quicken  tho  conihus- 
tiou  of  mixtures  consisting  of  moro  slowly  burning  salts.    A  mixture  of  Hulphur,  char*  ^ 

mct»on  Muton*.         coal,    and    cMorate    o'f   potaasa    constitutes    an    active    i^tcrcuasaim  i 
PercuMiaB  I'owiii  t«.  powder.     A  mixtDTe  of   equal  parts  by  weight  of  black  sidphuret    ol 
antLnumy  and  chlorate  of  potaasa  ia  used  for  tho  purpcii^e  of   discharging  ordnance  by 
means  of  a  percusAion  tube  placed  into  the  touchhole  of  the  gun.     Sir  William  Armstrong , 
uiiDB  for  this  purpose  a  mixture  of  atrtorphous  phosphoros  and  ohloratd  of  potaasa. 


EXFLOSIVE  COMPOUNDS.  157 

Miztitn  tor  Igniting  the  This  mixture  consists  either  of  chlorate  of  poiassa  and  black  sul- 
OMirtdge»cfNe«iic-gttii».piiuret  of  antimony,  or  a  compound  containing  fulminate  of  mercury. 
The  following  is  a  good  preparation :— 16  parts  of  chlorate  of  potassa,  8  parts  of  black 
flulphurct  of  antimony,  4  of  flour  of  sulphur,  i  of  charcoal  powder,  are  'moistened  with 
either  gum  or  sugar  water,  and  about  5  drops  of  nitric  acid  added.  A  small  quantity, 
technically  known  as  the  pilly  is  placed  m  the  cartridge,  and  ignited  by  the  friction  pro- 
duced by  the  sudden  passage  of  the  steel  needle  through  it.  In  this  country  either  the 
above  or  a  mixture  of  amorphous  phosphorus  and  chlorate  of  potassa  is  used.  Leaving 
the  fulminates  of  silver  and  mercury  out  of  the  question,  the  explosive  bodies  and 
their  applicability  to  warlike  purposes  and  war  pyrotechny  have  not  been  sufficiently 
investigtited.  Nitromannite  or  fulminating  mannite,  the  picrates  of  the  alkalies 
and  nitroglycerine,  of  which  we  shall  presenUy  treat  more  fully,  especially  deserve  notice. 
M.  Dessignolles,  who  suggests  that  instead  of  saltx)etro,  picrato  of  jwtassa  should  be  used 
in  the  manufacture  of  gunpowder,  states  that  quite  dikerent  products  are  formed  by  the 

ignition  of  picrato  of  potassa,  when  effected  in  the  open  air  (o),  or  under  pressure  (S)  • 

a.  2C,H,K(NQJ30  =  K,C03  +  5C  +  2N  +  NO  +  NO,  +  4CO,  +  CHN.         ^ 

Picrate  of  potassa. 
fi.  2C,H,K(N0J3Q  =  K,C03  +  60  +  3N  +  5CO.  +  2H,  +  O. 

Picrate  of  potassa. 
Fnlminating  aniline,  chromate  of   diazobenzol,  obtained  by  the  action   of  nitrous  acid 
upon  aniline,  and  the  precipitation  of  the  product  by  the  aid  of  a  hydrochloric  acid  solu- 
ti(in  of  bichromate  of  potassa,  is,  according  to  MM.  Oaro  and  Griess,  an  efficient  substitute 
for  fulminating  mercury. 

Hcftt-prodncinf  Mixtures.  Tlicse  consist  chicfly  of  flouiy  gunpowder  and  grey  mixture, 
to  which  are  added  those  organic  substances,  as  pitch,  resin,  tar,  igniting  readily,  but 
consumed  more  slowly  than  any  firework.  The  neat  generated  by  the  combustion  of 
fireworks  is  much  higher  than  is  required  to  ignite  wood,  but  not  of  sufficient  duration  to 
cause  the  thorough  burning  of  the  wood,  hence  tlie  addition  of  tar,  &c. 

Cbioand  Fire*.  The  salts  emplovcd  to  produce  coloured  flames  are — the  nitrates  of 
baryta,  strontia,  and  soda,  and  the  ammoniacal  sulphate  of  copper.  The  so-callod  cold 
fused  mixture,  composed  of  grey  mixture,  floury  gunpowder,  and  sulphuret  of  antimony, 
moistened  with  brandy  and  then  mixed,  produces  a  white  flame.  The  mixtures  for 
cdonred  fires  used  in  artillcrj'  laboratories  are  the  imdermentioned,  calculated  for  100 
parts  of  each  mixture  : — 

a.  b.  c.  d.  e. 

Green.      Red.     Yellow.    Blue.      White 

I.  Chlorate  of  potassa      327        297  —        54-5  — 

a.  Sulphur 98        17*2        236  —  20 

3.  Charcoal        52  17  38         181  — 

4.  Nitrate  of  baryta 52-3  —  —  —  — 

5.  Nitrate  of  strontia       —        457  —  —  — 

6.  Nitrate  of  soda —  —         98  —  — 

7.  Ammoniacal  sulphate  of  copper       ....  —  —  —        27*4  — 

8.  Saltpetre        —  —        628  —  60 

9.  Black  sulphuret  of  antimony —  57  —  —  5 

10.  Floury  gunpowder       —  —  —  —  15 

It  is  harfiy  necessary  to  mention  that  great  care  is  required  in  mixing  these  mate- 
rials, and  that  each  ingredient  ought  to  be  pulverised  separately. 

According  to  M.  Unden  a  beautiful  white  flame  edged  with  blue  is  obtained  by 
the  ignition  of  the  following  mixture  : — 20  parts  of  saltpetre,  5  of  sulphur,  4  of  sulphuret 
of  oftdTninTu,  and  I  part  of  charcoal.  Chloride  of  thalliimi  with  other  ingredients  yields  a 
beautiful  green  flame.  Magnesium  was  used  during  the  Abyssinian  war  in  various  ways 
when  a  brilliant  light  was  required.  The  chlorates  of  the  alkaline  earth  bases  and  the 
ohlorate  of  soda  would  be  preferable,  were  it  not  for  the  expense,  and  for  the  facts 
that  these  salts  are  rather  hygroscopic  and  liable  to  spontaneous  combustion.  The  car- 
bonates of  baryta  and  of  strontia  are  sometimes  used  instead  of  the  nitrate.  According  to 
itilL.  Dessignolles  and  Castelhaz,  most  brilliant  coloured  flames  are  obtained  with  picrate 
of  ammonia  in  the  following  proportions : — 

Yellow  I  ^^^^^^  ^^  ammonia  . .      . .     50 
(  Picrato  of  protoxide  of  iron     50 

j^  (  Picrate  of  ammonia   . .      . .     48 

ureen  ^  -^-^^^^  ^^  h^rjU,       . .     . .     52 

*j^      (  Picrate  of  ammonia   . .      . .     54 
^^      \  Nitrate  of  strontia     . .     . .     46 
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K  NiirogJt/cerine, 

jiHTOgijccrine,      This  Bubstance,  also  knoi^ni  as  fulmmating  oil,  nitroleiim,  trinitrine, 

glyoerj'l'iutrate,  glonoine,  was  discoYcred  in  1S47  by  Dr.  A.  Sobrero,  nrhilo  a  etudcint 

in  the  laboratory  of  Professor  Pelouze,  at  Paris.     Since  tbo  year  1862,  M,  vUfrecl 

Nobel,  tt  Swede,  has  mamifactured  this  liquid  on  tho  largo  scale.    The  formula  of 

nitroglycerine  is  CtH.K^Oft  or  f^f^^^   \  O3;  consequently  it  consists  of  glycerine, 
cut  *        w 

^n^  f  ^5'  ^^  which  3  atoms  of  H  hare  been  replaced  by  3  atoms  of  KO^*     roo 

parts  of  nitroglycerine  yield  on  combustion- 
Water        . ,  20    parts* 
Carbonic  acid        . .         . .  58        „ 

Oxygen 3*5     .. 

Nitrogen 18*5     », 


1000  parta. 

As  the  sp.  gr,  of  nitroglycerine  is  i*6,  i  part  by  bulk  will  yield  on  combustioii — 

Aqueous  yapour     .  ♦     . .      . .  554  yolumos. 

Carbonic  acid 469        , , 

Oxygen ..  39 

Kitrogen 236        ,, 
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jLccordtng  to  experinients  made  in  Belgium,  the  combustion  of  nitroglyocrino 
does  not  yi<?ld  fi'co  oxygen,  but  a  large  quantity  of  protoxide  of  nitrogen  ;  accord* 
irjgly^  the  following  equation  will  give  eomo  idea  of  the  mode  of  explosion : — 

\  /  Carbonic  acid,  6CO1. 

2  molecules  of  '  —    )  ^^*^r.  5H2O 

Nitroglycerine,  C5H5N30g  i  j  Pnttoxide  of  Nitrogen,  "NJO* 

■  \  Nitrogen,  4N, 

M.  Nobel  stat<5s  that  the  heat  set  free  by  explosion  causes  the  ga«es  to  expand  to 
dght  times  their  bulk ;  accordingly,  i  volume  of  nitroglycerine  will  yield  10*384 
Yolumes  of  gas,  while  t  part  by  bulk  of  powder  only  yields  800  volumes  of  gas ;  tho 
explosive  force  of  nitro-glycerine  is,  therefore,  to  that  of  powder — 

By  volume  as  13  :  i. 
By  weight  as  8 :  i* 

In  ortler  to  prepare  mtroglycerino,  very  strong  nitric  acid,  density  49*'  to  50^  B. 
^1-476  to  1*49  sp.  gr.,  is  mixed  with  twice  its  weight  of  concontmt^d  sulphuric  acid* 
3300  grms.  of  this  mixture,  thoroughly  cooled,  are  poured  either  into  a  gloss  flask 
or  into  a  glazed  earthenware  jur,  placed  in  a  pan  of  cold  water,  and  there  is  nox^ 
gradually  added  500  grms.  of  concentrated  and  purified  glycerine,  havioga  deusit) 
at  least  of  30"  to  31*  B.  ^^  sp.  gr.  1*246  to  1*256,  care  being  taken  to  stir  constantly 
According  to  Dr.  E.  Kopp*s  recipe  (1868)  the  acid  mixture  should  consist  of  3  part* 
of  sulphuric  acid  at  66**  Bi  ^  1767  sp«  gr.,  and  i  part  of  fuming  nitric  acid.  To  550 
grms.  of  glycerine  2800  grms*  of  tlie  acid  mixture  are  added  ;  and  in  performing  this 
o|)eration  care  should  be  taken  to  avoid  any  pcrcoptiblo  heating  for  fear  of  con- 
verting by  a  violent  reaction  the  glycerine  into  oxalic  add.  Tho  mixtui'o  is  now  left 
to  stand  for  five  or  ten  minutes,  and  ai'terwards  i>oured  into  five  or  six  times  its  balk 
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of  very  cold  water,  to  wliich  a  rotatory  motion  baa  been  imparted.  Tho  newly- 
formed  nitTOglycerine  sinks  to  the  bottom  of  tho  yessel  as  a  heavy  oily  liquid,  which 
is  washed  by  docantation ;  but  if  not  intitnded  for  transport— and  experience  has 
prored  the  trinsiport  of  nitroglycerine  to  be  highly  dangerous— the  washing  may  be 
dispensed  with,  aa  neither  any  adhering  acid  nor  water  impairs  the  exploaive 
properties.  Nitroglycerin©  is  now  generally  made  on  the  spot  in  America  and  else 
where  by  thoso  whom  experience  in  mining,  quarrying,  and  engineering  mattc^rs 
liaa  taught  tho  real  value  of  this  very  powerful  agent. 

Nitroglycerine  is  an  oily  fluid  of  a  yellow  or  brown  colour,  heavier  than  and 
insoluble  in  water»  soluble  in  alcohol,  ether,  and  other  fluids ;  when  exposed  to 
eontinuous  cold,  not  of  great  intensity,  it  becomes  solidified,  fbrming  long  needle- 
shaped  ciTstnlB.    Tho  best  means  of  exploding  nitroglycerine  ia  a  well-directed 
blow,  neither  a  spark  nor  a  lighted  body  will  cause  the  ignition,  which  even  with  a 
thin  layer  takes  place  with  difEc  o  Ity » only  part  being  consumed.    A  glass  bottle  filled 
with  nitroglycerine  may  be  smashed  to  pieces  without  causing  the  contents  to  explode. 
Nitroglycerine  may  oven  be  gently  heated  and  volatilised  witliout  decomposition  or 
combustion,  provided  violent  boiling  is  carefully  prevented.    When  a  drop  of  nitro- 
glycerine is  caused  to  fall  on  a  moderately  hot  piece  of  cast-iron  the  liquid  is  quietly 
volatilised ;  if  the  iron  is  red-hot  the  liquid  bums  off  instantaneously,  just  as  a  grain 
of  powder  would  do  under  the  same  conditions ;  if,  however,  the  iron  is  at  that  heat 
which  will  cause  the  immediate  boiling  of  tho  nitroglycerine,  it  explodes  with  great 
force.    Nitrctglyceriuo,  especially  if  sour  and  impure,  is  liable  to  spontaneous  decom- 
position, which,  accompanied  by  the  formation  of  gas  and  of  oxalic  acid,  may  have 
been  the  proximate  cause  of  some  of  tho  dreadful  explosions  of  this  substance,  it 
being  surmised  that  the  pressure  exerted  by  the  generated  gases  upon  tho  iluid  in 
hermetically  closed  vessels  had  something  to  do  with  tho  occurrences,     On  this 
account  M.  K.  List  advises  that  vessels  containing  nitroglycerine  should  be  only 
loosely  stoppered,  or  if  being  transported  provided  with  safety-valves.    Nobel 
flecures  nitroglycerine  from  explosion  by  dissolving  it  in  pure  wood-spirit,  firom 
which  it  may  be  again  separated  by  tho  addition  of  a  large  quantity  of  water,     Mr. 
Seoley  on  this  score  observes  that : — i.  The  wood -spirit  is  expensive,  and  lost  in  the 
large  quantity  of  water  requii-ed  for  precipitating  the  nitroglycerine;  2.  Wood-spirit, 
being  volatile,  may  evaporate,  and  loavo  the  nitroglycerine  unprotected ;  3,  There 
ig  a  change  of  chemical  action  between  these  bodies ;  4.  The  vapour  of  wood-spirit 
\B  very  volatile,  and  forms  with  air  an  explosive  mixture.    Many  suggestions  have 
boen  made  as  to  rendering  nitroglycerine  safe  to  warehouse  j  among  them  may  be 
noted  the  mixing  with  pulverii^d  glass  in  a  manner  similar  to  Gale's  pro<3e8S  foi 
gonpowder*    Wurtz  recommends  the  mixture  of  niti-oglycerine  with  equally  dons^ 

ations  of  either  of  the  nitrates  of  zinc,  lime,  or  magnesia,  so  as  to  form  on 
don,  the  nitroglycorine  being  recovered  simply  by  the  addition  of  water.  The 
^^to  of  nitroglycerine  ia  sweet,  but  at  tho  same  time  burning  and  aromatic ;  it  is  a 
violent  poison  even  in  small  doses,  and  its  vapour  is  of  course  equally  virulent,  hence 
great  care  ia  required  in  working  with  this  substance  in  localities  where,  as  in  mines 
and  pits,  the  supply  of  fresh  air  is  limited.  Instead  of  manufacturing  nitroglycerine 
in  works  specially  arranged  for  that  purpose,  and  transporting  this  dangerotis 
compound,  it  is  better,  as  advised  by  and  executed  under  the  direction  of  Br.  E, 
Kopp,  at  the  Savome  quarries,  to  have  the  quantity  rcquiied  for  daily  use  prepared 
on  the  spot  by  intcUigent  workmen.    Notwithstanding  the  very  serious  accidenta 
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which  have  bo«n  caused  by  the  explosions  of  uatroglycerino  in  this  country  qs  woH 
as  abroad,  and  the  consequent  prohibition  of  its  use,  there  ia  no  roas^jn  why  this 
powerftil  agent  should  not  be  employed  according  to  Kopp*s  suggestion.  Instead  of 
tho  acid  mixture  UBcd  in  the  preparation  of  nitroglycerine,  M,  Nobel  suggests  ihe 
following: — In  3i  parts  of  strong  sulphuric  acid  of  i^Sj  sp.  gr.  ia  dissolved  i  part 
of  saltpetre,  and  tho  fluid  cooled  down ;  the  result  \si  the  separation  of  a  salt  consLstiog 
of  I  molocule  of  potassa,  4  molecules  of  sulijhuric  arid,  and  6  molecules  of  water, 
and  which  at  32-^  F,  is  altogeUier  eliminated  fnnn  the  fluid,  leaving  an  acid  which, 
by  the  gradual  addition  of  glycerine,  is  converted  into  glonoine,  aftenvards  separated 
by  water,  as  already  described.    • 

Nobrt'i  Drn«ndte,  UndcT  the  name  of  dynamite,  Kobel,  in  1867,  brought  out  a  now 
explosive  compound,  consisting  of  75  parts  of  nitroglycerine  absorbed  by  25  parts 
of  any  porous  inert  matter,  as  fijnt»ly-divided  charcoal,  silica*  As  evidenced  by  tJio 
experiments  of  BoUey  and  Kiindt,  dynamite  has  tho  advantage  over  nitroglycerino 
of  not  being  exploded  even  by  the  most  violent  percussion,  therefore  requiring  a 
peculiarly-arranged  cartridge .  The  explosion  is  attended  with  such  force  that 
largo  blocks  of  ice  are  shattered  to  atoms.  Dynamite  burns  off  quietly  in  open 
air,  or  even  when  looscdypacJced,  the  combustion  being  accompanied  by  an  evolution 
of  some  nitrous  acid ;  but  when  dynamite  is  exploded  there  are  generated  only 
carbonic  acid,  nitrogen,  and  aqueous  vapour,  no  smoko  being  formed,  and  only  0 
white  ash  left.  Dynamite  is  not  afibct-ed  by  damp,  and  undoubtedly  oflers  groat 
advantages  as  regards  its  use  in  mining,  quarrying,  and  similar  operations,  for 
although  the  price  exceeds  four  times  that  of  powder,  dynamite  performB  ei^^ht  time) 
as  much  work  with  less  danger,  and  legs  labour  in  boiing  blast  holes.  The  djTianiite 
is  plaoed  in  cartridges  of  thick  paper,  and  ignite<l  by  means  of  a  fusee,  which  passes 
through  the  sand  serving  tho  purpose  of  a  wad.  Dynamite  can  be  tranR|x>rted 
without  danger  of  explosion.  Dittmar  s  dualin  is  a  mixture  of  nitroglycerine  witli 
saw-dust  or  wood-pulp  as  used  in  paper  mills,  both  previously  treated  with  nitric  and 
sulphuric  acida. 

c.  Qun-CiMon. 

oon-oeitM.  This  substance,  also  known  as  pyroxylin  and  fulmicotton » was  discovered 
in  1846,  simultaneously  by  the  late  Profeeeor  Schonbein,  at  Balse,  and  By  Dr.  B, 
Bottger,  at  Frankfort-on-Main .  Tli  e  mode  of  preparing  thi  s  substance  is  as  follows : — 
Equal  parts  of  strong  concentrated  sulphuric  acid,  sp.  gr.  =:  1*84,  and  fuming  nitric 
acid  are  poured  into  a  porcelain  basin ;  as  much  cotton- wool  is  steeped  in  tho  fluid 
tho  add  is  capable  of  thoroughly  moistening,  and  the  vessel  covered  ii^-ilh  a  gl 
plate,  and  left  for  a  few  minutes*  The  cotton-wool  is  then  removed  from  tho  acid, 
immediately  transferred  to  a  vessel  containing  a  large  quantity  of  water,  and  was»hed 
with  care,  the  water  being  renewed  until  no  more  acid  adher<>s  to  tho  gun-c4itton, 
which  is  next  dried  in  a  current  of  warm  air,  and  finally  combed  to  ix^move  all  the 
lumps.  The  cotton  should  not  be  left  too  long  in  tho  acid,  as  it  might  become 
entirely  dissolved.  According  to  exfieriments  instituted  at  Paris,  in  one  of  the 
jvowder  mills— for  in  Franco  no  one  is  allowed  t4)  manufacture  jiowdor  or  gun-cotton 
oxcept  the  Government— the  following  aro  the  conditions  under  which  tho  best  results 
are  obtained:—!.  Equal  parts  of  sulphuric  and  nitric  acids  and  woll-cloansed 
cotton.  2,  Time  of  immersion  in  acid  mixture  from  10  to  15  minutes.  3.  The  same 
add  may  be  used   once  again,  but  then  tho  time  of   immersion  of  the  cotton 
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should  be  longer.  4.  The  gun-cotton  having  been  thoroughly  washed  should  be  dried 
Blowly  at  a  gentle  heat.  5.  Impregnating  with  nitre  increases  the  strength  of  the 
gun-cotton. 

Fropertin  of  Onn-Ootton.  In  its  outward  appearance  gun-cotton  does  not  differ  from  ordinary 
cotton,  neither  is  any  difference  perceptible  by  microscopic  investigation.  It  is  insoluble 
in  water,  alcohol,  and  acetic  acid,  difficultly  soluble  in  pure  ether,  but  readily  soluble  in 
ether  "which  contains  alcohol,  and  in  acetic  ether.  Gun-cotton  is  liable  to  spontaneous 
deoomposition,  which  may  even  induce  its  spontaneous  combustion ;  this  decomposition  is 
attended  with  the  evolution  of  aqueous  vapour  and  of  nitrous  acid  fumes,  the  remaining 
substance  containing  formic  acid.  As  regards  the  temperature  at  which  gun-cotton 
ignites  statements  differ;  it  has  in  some  instances  been  dried  at  90"*  to  100"  without 
any  dangerous  consequences,  while  it  has  been  found  to  ignite  at  43**.  Instances  are 
cm  recoid  of  serious  explosions  of  gun-cotton  having  taken  place  under  conditions 
which  leave  no  doubt  that  the  greatest  care  is  required  in  handling  and  warehousing 
this  substance;  for  instance,  a  small  magazine,  filled  with  gun-cotton,  situated  in  the 
Boifl  de  Vincennes,  Paris,  was  exploded  by  the  sun's  rays ;  and  at  Faversham  the  Le  Bouchet 
drying-rooms,  which  could  not  possibly  bo  heated  above  45°  to  50",  exploded  with  great 
•violence.  Gun-cotton  explodes  by  percussion,  leaving  no  residue  after  its  ignition.  Good 
Kun-cotton  may  bo  burned  off  when  placed  on  dry  gunpowder  without  igniting  the  latter. 
It  is  very  hygroscopic,  but  may  be  kept  for  a  length  of  time  under  water  without  affecting 
its  explosive  properties. 

Accoi-djng  to  the  best  chemical  analysis,  gun-cotton  is  trinitro- cellulose, 

C6H7(NOa)305, 
consequently  it  is  cotton  cousidered  in  a  pure  state  as  cellulose,  C6H10O5,  3  atoms  oi 
the  hydrogen  of  which  have  boon  replaced  by  3  atoms  of  hyponitric  acid.     100  parts 
of  efun-cotton  contain — 

Carbon        24*24 

Hydrogen 2*36 

Oxygen     59*26 

Nitrogen 14*14 


The  conversion  of  cotton  into  gun-cotton  may  therefore  bo  expressed  by  the  following 
formula: — 

CfiH^Os  +  3HXO3  =  C6H7(NO.)305  +  3naO  ; 

Cotton.  Gun-Cotton. 

the  aulphmic  acid  being  employed  only  for  the  purpose  of  absorbing  water. 
Assuming  that  the  cellulose  is  entirely  converted  into  trinitro-celluloso,  100  parts  of 
cotton  ought  to  yield  185  parts  of  gun-cotton,  and  when  the  conversion  forms  binitro- 
cellulose,  100  parts  of  cotton  ought  to  yield  155  parts  of  gun-cotton.  The  under- 
mentioned are  the  results  of  direct  investigation.    For  100  parts  of  cotton — 

Pelouse  (in  ten  experiments,  1849)  found  168  to  170  parts  of  gun-cotton. 

Schmidt  and  Hecker  ( 1 848)  , ,    169 

VanKerckhoff  and  Router  (1849)  „    176*2 

W.  Crum  (1850)  „   178 

Kedtenbacher ,  Schrotter,  and  Schneider  ( 1 864) , ,   1  ^  b 

V.  Lenk  (1862)  „    155 

Blondeau  (1865)  „    165-25 

By  the  explosion  of  gun-cotton  in  vacuo ^  carbonic  oxide,  aqueous  vajwur,  and 
nitrogen  are  evolved.    The  same  products,  with  the  addition  of  nitrous  acid  aud 
cyanogen,  are  generated  by  the  explosion  of  gun-cotton  in  closed  vessels,     i  grm.  of 
12 


gun-oottoQ  yields,  according  to  Sohioidt,  5 83  c*c.  gases,  these  gases  oonsistiog  in 
TOO  parts  hy  Tolume  of— 

Carbonic  oxido  .  - 
Carbonic  acid 
Miarsb,  gas  .. 

Deato3ddo  of  mtrogeu 

Nitrogen 

Aqueous  vapour 


I  part  by  weight  of  gun-cotton  is  equal  in  projectilo  power  to  4*5  to  5  parte  of  gun- 
powder. 

*'*"'*i!?SiS^,S£!*'*"^  Gun-cotton  has  not  yet  been  adopte<i  in  practice  as  a  good 
substitute  for  gunpowder ;  its  large  bulk,  coupled  with  the  fact  that  the  eicplosian  is 
attended  with  tho  evolution  of  much  water  and  nitrous  acid,  render  it  inoonTenient 
as  &  substitute  for  powder. 


Gun-cotton  is  advant^igeoasiy  employed  in  bliuiting,  and  has  been 
used  as  a  sabstttute  for  fulmu'"i^:""  ..u-Tv-ury  in  gun-oaps  when  mixed  with  chlomt«  of 
ptitaasa.    The  expt^rimcnts  of  \he\  of  Woolwich,  have  led  to  groat  impporo- 

inents  in  the  manufacture  ot  u,  carried  into  practice!  by  Hessrs.  Prentice,  of 

St-owuiarlcct,  and  comjiBting  tU^lly  in  mecbanical  operations.  Tho  cotton^  either  by 
spinning  and  weavingt  by  pulniu^^,  or  the  aid  of  suitable  solventu,  is  brought  into  a  con- 
tlitit>n  in  which  it  has  be<cn  found  an  excellent  and  cleanly  substitute  for  gtmp«iwderf 
having  the  adyantagca  of  not  giving  olf  smoke,  explodino-  with  less  noi^,  and  not  fouling 
the  gimjf.  The  detailed  dcscriptioa  of  the  method  of  the^^  operations  is  not  neoeflsaiy 
heru.  Gun-cotton  in  many  ooaea  may  serve  the  puipoao  of  ashestos  for  filtering  stroog 
acids  and  other  oonceutratra  fluida  which  cannot  bo  filtorod  through  paper. 


Maynard  employs  a  solution  of  gun-cotton  in  ether  as  a  kind  of  glue  or 
varnish p  and  gives  it  the  name  of  collodion.  This  solution  has  tho  appearance  of  a 
syrup,  and  a  thin  film  poured  on  the  akin,  leaves,  by  tho  evaporation  of  tho  ethor»  u 
strongly  adhesive  compact  layer;  hence  collodion  is  applied  in  surgery,  phot4igi'aphy, 
and  as  a  waterproof  coating  instead  of  varnish,  especially  to  protect  the  composition 
of  lucifer-matches  from  the  effects  of  damp.  Tho  fihn  of  pyroxylin »  deposited  afti.'r 
tho  evaporation  of  ether,  is  insoluble  in  water  and  alcohol,  becomes  highly  negatively 
oioctric  when  rubbed  with  the  dry  hand^  and  may  be  obtained  so  thin  as  to  exhibit 
the  colours  of  the  Kowton  rings,  Legray  prepares  in  the  following  manner  a  gun- 
cotton  quite  soluble  in  ether : — 80  grms,  of  drfed  and  pulverised  nitrate  of  i>otaS8a 
are  mixed  with  1 20  gnus,  of  concentrated  sulphuric  acid,  and  in  the  pulpy  acid  mass 
are  thoroughly  immersed  by  tho  aid  of  a  glass  rod  or  porcelain  spatula  4  grms.  of 
cotton,  which  is  stirrod  about  for  a  few  minutes ;  next  tho  vessel  contjiining  acid  and 
iKitton  is  placed  in  a  large  quantity  of  wat-cr,  and  tho  convcrt^ini  cotton  washed  until 
all  tho  aoid  is  eliminated^  when  it  is  dried.  Soluble  cotton  may  be  mode  with 
nitrate  of  soda,  17  parts  ;  sulphuric  acid,  sp.  gr.  =  I'So,  33  parts;  cotton,  ^  part, 
Tho  convertcnl  cotton  is  soluble  in  acetic  ether,  acetato  of  oxide  of  methyl,  wood- 
•spii'it,  and  aceton ;  the  \usim\  fcl  vent  ia  a  mixturo  of  18  parts  of  ether  and  3  parti 
*jt  alcohnu 
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Common  Salt. 
Common  salt,  or  chloride  of  sodium,  consists  of — 

Chlorine,  CI      35*5  60*41 

Sodium,  Na       23*0  39*59 

58*5  lOO'OO 

and  is  found  on  our  globe  in  the  solid,  as  rock-salt,  as  weU  as  dissolved  in  sea-water 
in  enormously  large  quantities.  It  occurs  as  rock-salt  in  extensive  layers  alternating 
with  those  of  clay  and  gypsum  at  an  average  depth  of  100  metres.  The  following  are 
a  few  of  the  localities  where  rock-salt  is  met  with  in  the  tertiary  formation : — 
Wieliczka,  Poland ;  the  northern  slopes  of  the  Carpathian  mountains,  and  in  several 
districts  of  Hungary ;  in  the  chalk  formation  of  Cardona,  Spain ;  in  the  Eastern 
Alps,  Bavaria,  Salzburg,  Styria,  and  the  Tyrol.  Among  the  trias  formation  are  the 
salt  deposits  of  the  Teutoburg-wood,  Germany,  and  a  great  many  others,  among  them 
the  celebrated  Stassfurt  deposits.  In  England  rock-salt  is  foimd  in  Cheshire,  this 
coimty  being  also  plentifully  supplied  with  saline  springs,  the  water  of  which  yields 
on  evaporation  an  abundance  of  salt.  Petroleum  wells  are  found  with  salt  in  many 
parts  of  Asiatic  Eussia,  in  Syria,  Persia,  and  the  slopes  of  the  Himalaya.  Salt 
occurs  plentifully  in  several  districts  of  Africa,  America,  and  other  parts  of  the 
world,  and  mixed  with  clay  and  marl,  forming  salt-clay.  Salt  occurs  secondarily  by 
having  been  dissolved,  at  a  depth  varpng  in  Germany  from  91  to  555  metres,  by 
water,  which  carries  it  again  to  the  surface,  there  forming  salt  springs  and  salt  lakes, 
from  which  the  salt  is  obtained  by  evaporation.  Among  the  salt  lakes  may  be 
noticed  the  lake  near  Eislobcn,  Germany,  the  Elton  Lake,  near  the  Wolga,  Eussia, 
the  Dead  Sea,  and  the  Salt  Lake  of  Utah,  United  States. 

There  can  be  no  doubt  that  the  common  salt  met  with  in  salt  springs  owes  its 
origin  to  the  solvent  action  of  water  upon  rock-salt,  and  as  rock-salt  is  largely  met 
with  in  sedimentary  geological  formations,  the  prevalence  of  this  formation  in 
Germany  has  therd  given  rise  to  a  largo  number  of  salt  springs.  Common  salt  is 
also  found  in  sea- water,  and  if  obtained  by  its  evaporation  is  often  termed  sea-salt; 
or  if  deposited,  as  is  the  case  in  the  Polar  regions,  by  intense  cold  on  the  surface  of 
ice-fields,  it  is  known  as  rasaoL  Common  salt  is  largely  obtained  as  a  by-product 
of  some  chemical  operations,  as  in  the  conversion  of  sodium-nitrate  into  potassium- 
nitrate  by  the  aid  of  chloride  of  potassium. 

'***82tt?^?sS^waS!°"'°''  The  constituent  salts  of  sea-water  do  not  differ  in  any  part 
of  the  world :  even  the  difference  in  quantity  is  very  small,  and  is  generally  due  to 
local  causes,  as  the  dilution  of  the  sea-water  by  river-water,  melting  icebergs,  &c. 
The  sp.  gr.  of  sea- water  at  17°,  varies  from  1*0269  to  1*0289,  the  sp.  gr.  of  the  water 
of  the  Eed  Sea  being  as  high  as  1*0306.    One  hundred  parts  of  sea- water  contain — 

Chloride  of  sodium    . . 
Bromide  of  sodium    . . 
Sulphate  of  potassa  . . 
Sulphate  of  lime 
Sulphate  of  magnesia 
Chloride  of  magnesiuni    . . 
Chloride  of  potassium 

3*4708  3*5519  3*4384  4*534 


Pacific 

Atlantic 

German 

Eed 

Ocean. 

Ocean. 

Ocean. 

Sea. 

2-5877 

27558 

2-55U 

3*030 

0*0401 

0*0326 

0-0373 

0064 

01359 

0*1715 

01529 

0*295 

0*1622 

0*2046 

0*1622 

0*179 

0*1104 

0*0614 

0-0706 

0*274 

0-4345 

0*3260 

0*464 1 

0-404 

— 

— 

— 

0-288 
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The  compositioa  of  tho  salt  oontained  in  the  water  of  tho  aeTeral  i 
.  bv  tho  following  tablo :  — 


lis  ehowB 


I  1 

o  S 

ATerage  qiiantitT  of  ejilt  and  water — 
Solid  salt              .,       .     0*63         177 
Water 99*37       9S"23 


177 
98-23 


96*69 


III 


Tho  dissolved  solid  matter  consiats  iii  100  ports  of— 


2*48 


111 


96-37 

77 '03 
3*89 


7770 

3<>'55 

4'57 

ii*3S 

4520 

085 
0-45 


O'lO        —         — 


—  —         —         —         —         —        100 


CTiloride  of  sodium       . .  58-23      79'39      8470 

Chloride  of  potassium ,       1*27        i'C7         — 

Chloride  of  calcium     . .      —  —  —  0*20  —  — 

Chloride  of  magnesium    lo'oo        7*38        973        8'Sr        876        7*86 

Bromides  of  sodium  and 

magneisium        .*     ,.     —  0*03         —  0*28        0-49         1*30 

Sulpluite  of  lime  .  .  778  0*60  013  3*82  276  4*63 
Sulphate  of  magnesia  . ,  19'68  8'52  4*96  6*58  834  5*29 
Cftrbonates  of  lime  and 

magnesia    ..      .,      .,     3*02        3*21        0*48        o'lS 
Nitrogonoua    and    bitu- 
minous matter  . , 

One  cubic  metre  (35*3 165  cubic  feet)  of  sea-water  con  taint  ooosoquently  about 
128  to  31  kilos,  of  cldoride  of  sodiuui,  and  5  to  6  kilos,  of  diloride  of  potassium^ 
Chloride  of  sodium  (common  salt)  is  obtained  from  sea-water: — 

fi.  By  the  evaporation  of  tho  water  by  tho  aid  of  the  sun^s  heat. 
h.  In  winter  by  freezing, 
c.  By  artificial  evaporation. 
***''*''^t^na!sS£«^"''"  ^1>^  method  of  obtaining  common  salt  from  sea-water  is 
limited  to  c^TtJAin  of  tho  coast-lines  of  Southern  Europe,  and  ia  never  effected 
beyond  48"  N.  latitude.  The  countries  best  situated  for  this  industry  lU'e  Tiunc^?. 
Portugal,  Spain,  and  the  coasts  of  the  Moditenunoan.  The  arrangement  of  tho 
salines,  or  salt-gardens,  is  the  following :— On  a  level  sea-ahoi'o  is  constructed  a 
lurge  reeer\'oir,  which,  by  a  short  canal,  commuui coitus  with  the  sea,  care  being 
taken  to  afford  protection  against  the  inroads  of  high  tides.  The  depth  of  water  in 
these  reservoirs  varies  from  0*3  metres  to  2  metres.  The  seu-wator  is  kept  in  tho 
i^florvoir  until  the  suspended  matter  has  been  deposited,  and  is  then  conveyed  by  a 
woo<len  channel  into  isnuiller  reservoirs,  from  which  it  is  conducted  by  undergi-ound 
pil^es  to  ditches  gurrt»unding  the  salines,  where  the  salt  is  separated  from  the  water. 
Tlio  salt  \a  collected,  placed  in  heaps  on  tho  narrow  strips  of  land  which  separate  the 
ditc]»«>s  from  each  other,  and  sheltered  from  rain  by  a  covering  of  straw.  As  these 
heaps  are  left  for  some  time,  the  deliquescent  chlorides  of  magnesium  and  calciiun 

•  Aoooidiiig  to  the  experiments  of  Baron  Sass,  Ihe  water  of  the  Baltic  from  tho  Oroiit 
Sound  between  the  Manda  of  Oesel  and  Koon  only  oontalns  o  666  per  oeut.  of  »ulid  mattor. 
and  is  of  ft  i^.  gr.  =  1*00474. 
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are  absorbed  in  the  soil,  consequently  the  salt  is  comparatively  pure.  The  mother- 
liquor  is  used  in  the  production  of  chloride  of  potassium  (see  antey  p.  119),  sulphate 
of  soda,  and  magnesia  salts,  the  process  employed  being  that  originally  suggested  by 
Professor  Balard,  and  afterwards  improved  by  Merle. 

By  FRfting.  This  procGSS  is  based  upon  the  fact  that  when  a  solution  of  common 
salt  is  cooled  to  several  degrees  below  the  freezing-point,  it  is  split  up  into  pure 
water,  which  freezes,  and  a  strong  solution  of  salt.  The  solution  becomes  more 
concentrated  by  repeated  freezing  and  removal  of  the  ice,  until  at  last  a  solution  is 
obtained  which  by  a  slight  evaporation  yields  a  crop  of  salt.  In  order  to  render  the 
product  purer,  some  lime  is  added  to  tho  solution  before  evaporation  to  decompose 
the  magnesia  salts. 

Bj  Artiflcui  EraporatiMi.  Common  sult  ovaporated  from  sea- water  by  the  aid  of  fuel, 
or  9d  igni/erey  is  chiefly  prepared  in  Normandy,  in  tho  following  manner: — The 
sand  impregnated  with  salt  is  employed  to  saturate  the  sea- water,  which  is  next 
evaporated.  Very  frequently  an  embankment  of  sand  is  thrown  up  on  tho  shore,  so 
as  to  be  covered  at  high  tides  only;  in  tho  interval  between  two  tides  a  portion  of  the 
salt  dries  with  the  sand,  which  in  hot  summer  weather  is  collected  twice  or  three 
times  daily.  The  sand  is  lixiviated  in  wooden  boxes,  the  bottoms  of  which  are  con- 
structed of  loose  planks  covered  with  layers  of  straw;  tho  sand  having  been 
put  in  the  boxes  sea- water  is  allowed  to  percolate  through  them  till  the  specific 
gravity  of  tho  water  increases  to  i '14  or  to  i  '17,  tho  density  being  observed  by  means 
of  three  wax  balLs  weighted  with  lead.  Tho  salt  boilers  at  Avrauchin  consider  that  a 
solution  or  brine  of  1*16  sp.'gr.  is  the  most  suitable  for  evaporation.  Tho  evapora- 
tion is  carried  on  in  leaden  pans,  and  during  the  process  tho  scum  is  removed  and 
fresh  brine  added  until  tho  salt  begins  to  crj'stallise  out,  when  again  a  small  quantitj' 
of  brine  is  added  to  produce  more  scum,  which  is  at  once  removed,  and  the  evapo- 
ration continued  to  dryness.  The  salt  thus  obtained,  a  finely  divided  but  very 
impure  material,  is  put  into  a  conical  basket  suspended  over  the  evaporating  pan, 
the  object  being  to  remove  by  the  action  of  the  steam  the  deliquescent  chlorides  of 
calcium  and  magnesium.  The  salt  is  next  transferred  to  a  warehouse,  tho  floor 
of  which  is  constructed  of  dry,  well-rammocl,  exhausted  sand,  and  here  it  is 
gradually  purified  by  the  loss  of  deliquescent  salts,  tho  consequent  decrease  in  weight 
amounting  to  20  to  28  per  cent.  700  to  890  litres  of  brine  yield,  according  to  tho 
quantity  of  salt  contained  in  the  sand,  150  to  250  kilos,  of  salt.  A  very  similar 
method  is  in  use  at  Ulverstono,  Lancashire. 

At  Lymington  and  the  Isle  of  Wight,  sea- water  is  concentrated  by  spontaneous 
eva]X)rationtoono-sixthof  its  original  bulk,  the  brine  being  then  evaporated  by  tho  aid 
of  artificial  heat.  In  the  neighbourhood  of  Liverpool  salt  is  obtained  by  emploj'ing 
sea- water  in  refining  crude  rock-salt ;  in  this  way  at  least  2*3  per  cent,  of  common 
salt  results  as  a  by-product.  During  a  continuation  of  hot  summer  weather,  salt  is 
deposited  fi'om  the  water  of  many  of  the  salt  lakes  in  immense  quantities,  amounting, 
for  instance,  at  tho  Elton  Lake,  Eussia,  to  20  millions  of  kilos. 

Bock-Mit  This  mineral  is  frequently  accompanied  by  anhydrite,  clay,  and  marl, 
and  is  sometimes  found  in  what  are  termed  pockets  of  irregular  shape,  interspersed 
with  clay.  Again,  in  some  cases  saline  deposits  are  separated  by  layers  of  marl. 
"With  rock-salt  other  minerals  sometimes  occur,  as,  for  instance,  brongniartino 
(NaaS04-|-CaS04),  near  ViUarubia,  in  Spain,  and  die  remarkable  minerals  of  the 
salt  deposit  near  Stassfurt.  Above  the  latter  deposit  is  a  layer  65  metres  thick, 
of  bitter,  many-coloured,  deliquescent  salts,  consisting  of  55  per  cent,  of  camallite, 
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ejrlviiit  and  kainite;  25  por  cent,  of  common  salt  j  16  por  cent,  of  kiesorite;  and  4  per 
cent,  of  chloride  of  magnesiixm.  A3  this  saline  layer  contains  12  per  cent,  oi 
potassa  it  is  an  important  deposit  in  an  industrial  sense. 

The  composition  of  rock-salt  is  as  follows : — 

L  White  TOck-salt  from  Wiehczka ;  II.  WTiite,  and  III.  Yellow  rock-salt  from 
Borchtesgaden  ;  IV.  From  Hall  in  the  Tyrol ;  Y.  Detonating  salt  from  Halktadt; 
VI.  From  SchwahischlialL 

I. 

Chloride  of  sodium        100*00 

Chloride  of  potassium      — 

Chloride  of  calcium  — 

Chloride  of  magnesium  traces 

Sulphate  of  lime  — 


11. 

III, 

lY. 

Y. 

YI. 

99*85 

g9'92 

99'43 

98*14 

99-63 

— 

— 

— 

traces 

cog 

tracos 

— 

025 

— 

0'28 

o'i5 

0*07 

0-I3 

— 

— 

— ■ 

020 

rS6 

— 

lOO'OO    lOO'OO    100*00    100*00    lOO'OO    lOO'OO 

The  80-callod  detonating  salt,  found  at  Wieliczka  in  crystalline  granular  masseei, 
has  the  property  when  being  dissolved  in  water  of  ffiving  rise  to  slight  detonationa 
accompanied  by  an  evolution  of  hydrocarbon  gas  from  microscopically  email  e^Us, 
the  walls  of  which  becoming  thin  when  tlie  salt  is  dissolved  iu  water,  give  way,  and 
cause  the  report.  If  the  solution  of  the  salt  takes  place  naturally  in  the  mine,  the 
gas  partly  escapes,  partly  becomes  comlonsed,  fnmiing  petroleum,  often  met  with  in 
beds  of  rock-salt.  The  minerals  of  the  salt  deposit  of  Stassfurt  are,  ocoording 
to  MM.  Bischof,  Eeichardt,  Zincko,  and  others,  the  following  i— ^ 


Chemical 
Formula- 


Ill  100  parts  are 
eontaincd  : 


fe  G 


100  parts  of 
water  dis- 

eolve  at 

i8f  C. 


and  Olier* 
yations. 


Anhydrite..    CaS04       100  of  Sulphate  of  lime     2*968  0'2o         Karatoniie. 


Boracite 


f  26*82  Maj^nosia 

I  BieOjoCli  65'57  Bone  acid 


M« 


io*6i  Magnesium chlo- 
ndo  i 


-9   I    intZbt   }St-^t«. 


26  76  Chloride  of  potas-  . 

IKMffCl  ^^^^  ) 

4-6H(J    34*50  ^lii^csiumchlo- '>  I'* 
*        *  ride 

38*74  Water 

Bod  oxide  of 
iron 


618 


64*5 


Contains 
Bromine. 


FoiOj    100  of  Oxide  of  iron  3*35       Insoltihle.  


Kiosorito  ..  (MgS0,-h^7"i<>Sulphateofmag- 


(     ^^^       1290  Water 


•517 


Polyhalito. 


/  45*18  Sulphate  of  lime 

2CaS04  19*93  Sulphate  of  mag- 

.'  MgSU, 

I  2U,U 


tiesia 

28*90  Sulphate  of  po-  ^  2720 

tassa 
5 '99  Water 


4«>'9         Martinsit©  ? 


I-sdecom-  \ 
I  posed  while  \  — 

\  being  dis-   ( 
aolved,      ' 


•  According  to  Kammekberg  it  is  probable  that  kiescrito  h  originally  an  onlivJrous 
minerjil,  a  condanon  whidi  seems  juutified  by  the  vimablo  quautitj  of  water  loimd  ii* 
(Ufierent  analyseit. 
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Ghemioal 
formula. 


In  loo  parts  are 
contained: 


Bock-salt  ... 
Sylvin        ...  { 


NaCl 
KCL 


■Si 


&' 


I  cx)  Chloride  of  sodium  2*200 
100  Chloride  of  po-  \  o-o^e. 


Tachhydrito 


Kainite 


Schonite  or 
Pikromerito 


/  21*50  Chloride  of  cal- \ 
[    CaCli  cium  j 

;  2MgCl2  36*98  Chloride  of  mag- >  1*671 
i   12H2O  nesium  \ 

\  41*52  Water  / 

3 6  34  Sulphate  of  po-  n 
^  QQ  tassa  I 

M^SO*  ^5'24  Sulphate  of  mag-  | 
■^qY*  nosia  \     — 

6H  O  iS'QsMa^esiumchlo- ( 


100  parts  of 
water  dis- 
solve at 

isrc. 

36*2 
34*5 


160*3 


Synonyms 

and  Obser« 

rations. 


Contains 
Bromine. 


ride 
19.47  Water 


43*18  Sulphate  of  po- 
K2SO4  tassa 

MgS04    29*85  Sulphate  of  mag-  ' 
6HaO  nesia  i 

26*97  Water.  / 


Sylvin  is  also  found  in  large  quantities  in  the  salt  deposit  near  Kalucz,  Galicia. 

Mode  of  Working  Bock-Salt  Eock-salt,  liko  othor  minerals  and  according  to  its  mode  of 
occurrence,  is  either  quarried  or  mined.  If  it  happens,  however,  that  the  rock-salt 
is  mixed  with  other  minerals,  clay,  gypsum,  dolomite,  &c.,  a  solution  in  water  is 
effected,  which  is  pumped  up  from  the  mine  as  a  concentrated  brine.  In  many 
instances  rock-salt  is  wrought  in  extensive  and  deep  mines,  as  in  the  celebrated 
rock-salt  mines  of  Wieliczka. 

Hod«  of  Working  Btit^prinxs.  Natural  salt-spriugs  sometimes  occur  which  have  been 
imitated  artificially  by  boring  to  a  great  depth  into  layers  of  earth  containing  saline 
deposits.  In  this  manner  a  brine  may  be  obtained  sufficiently  concentrated  to 
bo  at  once  boiled  down.  The  method  of  working  the  natural  salt-springs  is  to  form 
a  convenient  reservoir  from  which  the  saline  solution  is  immediately  pumped  up  for 
the  purpose  of  being  gradated  (see  p.  168).  The  solution  previous  to  being  boiled 
down  is  left  to  allow  the  suspended  matter  to  settle.  The  salt-springs  obtained 
by  boring  either  yield  a  native  brine,  or  the  borings  are  carried  into  solid  rock-salt 
and  water  caused  to  descend  into  the  salt  deposit.  This  artificial  brine  is  then  pumped 
up,  unless  there  is  naturally  an  aiiesian  formation.  The  brine  previous  to  further 
operations  is  left  for  some  time  in  reservoirs  to  deposit  suspended  insoluble  matter. 

•  These  saline  solations  are  not  always  free  from  impurities ;  in  considering  their  admixture 
brine  may  be  divided  into  two  classes ;  the  first  containing  sulphate  of  magnesia  or  soda, 
with  chloride  of  magnesium;  the  other  class  embraces  brine  containing  the  chlorides 
of  calcinm  and  magnesium.  If  the  brine  happens  to  pass  through  peaty  soil  or  layers  of 
jigniic,  there  often  accrues  organic  matter,  humic,  crenic,  and  apocrenic  acid& 
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(•pgjJJj^f ^«jnon       'X'i^g  operation  i^  duplex  aud  ccmsista  in — 
a,  Coucontrating  the  brine. 

a.  By  increiiamg  the  quantity  of  &alt. 
/3,  By  decreosing  tlie  quantity  of  wat<^, 
h.  Tho  boiling  down  of  tho  concentrated  brino. 
tvjnceutroung  the  iiriD*.  Nativo  brinos  OF  Balt-springf}  seldom  contain  enough  common 
salt  to  make  it  profitable  to  boil  tliem  down  at  onoe ;  it  is  consequently  noc€8sary  to 
enrich  the  brino,  and  this  may  be  done  either  (a)  by  dissohing  in  it  rock-salt 
or  crude  sea-aalt,  neithwr  being  suited  for  culinary  and  many  other  purposes  unless 
refined,  or  (^)  by  decreasing  tho  quantity  of  water  without  the  use  of  fuel. 

Eorkhiitii  bj  umiftii >n.  The  enriching  or  concentration  of  a  brine  by  decreasing  the 
quantity  of  water  it  contains  is  called  a  gradation  process,  and  may  by  proceeded 
with  by  freezing  off  the  water  in  winter  time,  or  more  generally  by  evaporating  the 
water  by  a  tnio  gi-adation  prcwess ;  either — a.  Gradation  by  the  eflect  of  the  »un*a 
rays,     6.  Table  gradation,     c,  Eoof  gradation,     d.  Drop  gradation. 

Gradation  by  means  of  tho  sun's  raya  ifl  obviously  the  Bamc  method  of  prooedore  atf 
that  dcsciibed  imcUr  tho  trcntineut  of  sea-salt.     Tuble  gnidation  hft»  btvn  only  experi* 
mentally  tried  at  lUif^hfiilmll,  and  consists  Bimply  in  caiisinj^  iXify  brine  to  flow  slowly 
Arom  a  reservoir  down  a  seriea  of  etcps,  constructed  bo  iab  to  fpxe  ns  much  surface  as  pos- , 
[  lible,  ftod  tiina  hasten  tho  emporation,     Itoof  grHdatioti  ib  etfected  by  utilisiug  the  roof»j 
of  the  large  taafes  ocmtaimng  the  brine  as  evaponitiou  ^.urface^,  by  causing  tho  contcsita  of  1 
tiho  taiiks  to  flow  in  a  thin  but  constant  etraam  over  tho  roof  a,  which,  of  ooitno,  mm 
ei^Ofed  to  tho  open  air. 

ng|oi  omdauon.  Tlus  operation,  aldo  known  as  drop  gradation,  is  carried  on  by 
means  of  tho  following  apparatus,  termed  gradation  house,  and  consisting  of  a  frame- 
work of  timber,  fitted  with  faggots  of  the  wood  of  Pninus  spimsa,  which  being 
thorny,  presents  a  largo  Burfaco.  The  entire  construction  is  built  over  a  water-tight 
wooden  tank,  which  i^ecciyos  tho  concentrated  brine,  and  frequently  the  top  of 
the  gnidation  house  is  provided  with  a  roof*  Under  tho  roof  and  above  the  faggots 
Si  water-tight  tank  U  placed  containing  tho  brino  to  bo  gradated;  this  tank  is 
provided  with  a  number  of  tups,  from  which  thebiine  trickles  into  channels  provided 
with  holes  to  admit  of  the  brino  Mling  on  tho  faggots.  Those  taps  are  place<i 
on  both  eides  of  tho  grailation  house,  and  are  generally  connected  with  levers  to 
admit  of  being  rearlily  turned  on  and  off  from  below,  Tlie  gradation  process  b  con- 
tinued until  the  brine  13  sufiiciently  concentrated  to  admit  of  being  further  ovapo- 
ratod  by  the  aid  of  fuel ;  the  brine  may  bo  gradated  to  contain  26  per  cent  of  8oll|| 
but  the  o|ieration  ia  rarely  carried  so  far. 

Tho  gradation  process  not  only  seiTes  tho  purpose  of  concentration,  but  also  that 
of  purifying  the  brine,  as  some  of  tho  foreign  salts  are  deposited  on  tho  faggota,  this 
deposit  of  course  varying  in  composition  according  to  the  consUtuent.-i  of  tho  brines 
but  chiefly  conBisting  of  carbonate  of  lime,  with  the  sulphates  of  potaasa,  soda,  and 
magnef^ia.  The  deposit  has  in  some  instances  been  used  oh  manure.  In  tho  tankn 
whore  the  gradated  brine  is  collected  another  slimy  deposit  ia  gradually  formed* 
consisting  of  gj^sum  and  hydrated  oxide  of  iron.  As  in  the  present  day  the  brino, 
obtained  from  bored  wells  is  generally  suHiciently  concentrated  to  be  at  once  boil 
down,  gradation  is  less  fn«(|uent,  being  a  very  slow  process  and  involving  a  loss  ( 
the  aalt  carried  off  by  the  wind, 

OoilliiffdowBfhaiiriDc.      Tho  object  is  to  obtain  with  tho  least  possible  exponditnr&  < 
fiiel  the  largest  quantity  of  pore  dry  salt.  Formerly  the  ovapuration  was  carried  1 
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in  large  caoldrons,  but  at  the  present  time  evaporating  vessels  are  constructed  of 
well  rivetted  boiler-plate,  the  shape  being  rectangular,  the  length  10  metres,  depth 
o*6  metro,  and  width  from  4  to  6  metres.  These  pans  are  supported  by  masonry, 
which  also  serves  to  separate  the  flues.  Over  the  pans  a  hood  is  fixed  and  con- 
nected with  a  tube  carried  to  the  outsido  of  the  building  to  afford  egress  to  the 
steam.  The  brine,  concentrated  to  contain  from  18  to  26  per  cent,  of  salt,  is  poured 
into  the  pans  to  a  depth  of  0*3  metre. 

The  boiling  down  process  is  in  many  salt  works  conducted  in  two  different  opera- 
tions:— 

a.  The  evaporation  of  water  to  produce  a  brino  situratod  at  the  boiling-point. 
6.  The  boiling  down  of  the  saturated  brine  until  tlio  salt  crystallises  out. 

The  boiling  down  is  generally  carried  on  for  several  weeks,  the  scum  being 
removed,  and  also  the  gypsum  and  sulphate  of  soda  deposited  at  the  bottom  of  the 
pan,  with  perforated  ladles.  As  soon  as  a  crust  of  salt  is  formed  on  the  surface  of 
the  liquid,  a  temperature  of  50°  is  maintained.  At  this  stage  the  salt  is  gradually 
•  deposited  at  the  bottom  of  the  pan  in  small  crystals,  and  being  removed,  is  put  into 
conical  willow  baskets,  which  are  hung  on  a  wooden  support  over  the  pan  to  admit  of 
the  mother-liquor  being  returned  to  it.  Finally,  the  salt  is  dried  and  packed  in  casks. 

The  quantity  of  mother-liquor  collected  after  boiling  for  some  two  or  throe  weeks  is, 
compared  with  the  quantity  of  brine  evaporated,  very  small ;  it  was  formerly  thrown  away 
or  used  for  baths,  but  is  now  employed  for  the  preparation  of  chloride  of  potassium,  the 
sulphates  of  soda  and  magnesia,  artificial  bitter  water,  and  in  some  instonces  for  pre- 
paring bromine.  It  is  evident  that  by  the  boiling  down  all  the  salt  contained  in  the  brine 
is  not  reduced  as  dry  refined  salt,  a  portion  being  retained  among  the  early  deposit  formed 
at  the  bottom  of  the  pan,  another  portion  remaining  in  the  mother-liquor,  and  finally 
some  loss  accrues  from  the  nature  of  the  operations,  amounting  generally  from  4  to  9*25 
per  cent.  As  in  some  countries  salt  is  an  article  upon  which  an  excise  diity  is  levied, 
in  order  that  it  may  bo  employed  duty  free  for  certain  industrial  purposes,  it  is  mixed  in 
various  proportions  with  substances  rendering  it  unfit  for  culinary  use. 

propertiwof  Common     Chloride  of  sodium  crystallises  in  cubes,  the  size  of  the  crystals 

determining  the  varieties  known  in  tho  trade  as  coarse,  medium,  and  fine  gi*ainod 

salt,  and  depending  upon  tho  rate  of  evaporation  of  tho  brine,  a  slow  evaporation 

producing  very  coarse  salt.  Perfectly  pure  common  salt  is  not  hygroscopic,  but  tho 

ordinary  salt  of  commerce  contains  small  quantities  of  tho  chloride  of  magnesium 

and  sodium.  Usually  salt  contains  from  2 "5  to  5*5  per  cent,  water,  not  as  a  constituent, 

but  as  an  intermixture ;  hence  the  phenomenon  called  decrepitation,  due  to  tho 

breaking  up  of  the  crystals  by  tho  action  of  the  steam  when  salt  is  heated.  Ignited 

to  a  strong  red  heat  chloride  of  sodium  fuses,  forming  an  oily  liquid,  and  at 

a  strong  white  heat  is  volatilised  without  decomposition.     Common  salt  is  readily 

soluble  in  water,  and  is  one  of  tho  few  salts  almost  equally  soluble  in  cold  and  in 

hot  water;  100  parts  of  water  at  12**  dissolve  35*91  parts  of  common  salt. 

In  order  to  express  tho  quantity  of  salt  contained  in  a  brino,  it  is  usual  to  say  the 
brine  is  of  a  particular  fineness,  strength,  or  percentage ;  for  instance,  a  brino  at 
15  per  cent,  contains  in  loo  parts  by  weight  15  parts  of  salt  and  85  parts  of  water. 
The  Orddigheit  or  degree  of  a  brine  means  tho  quantity  of  water  which  holds  in  solu- 
tion I  part  by  weight  of  salt ;  a  brino  of  15  "6  Orddujlxit  contains,  therefore,  i  part 
by  weight  of  common  salt  in  15*6  parts  of  water.  Tho  poundage  {Pjundigkeit)  of  a 
brine  indicates  in  pounds  the  quantity  of  salt  contained  in  a  cubic  foot  of  brine. 

The  following  table  shows  tho  percentage  of  salt  contained  in  brines  of  the  several 
specific  gravities : — 
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Salt  per  cent. 

8p.gr. 

Salt  i>or  cent. 

SFfirr. 

Salt  per  cent. 

8p.gr. 

I 

1*0075 

7^5 

1-0565 

j6 

I*I206 

i'5 

i'0ii3 

8 

I  '0603 

17 

1*1282 

3 

1-0151 

8-5 

1-0641 

i3 

i'ii57 

a-5 

i*oi88 

9 

ro679 

19 

1*1433 

3 

i'02a6. 

9*5 

1-0716 

19*5 

1*1510 

3-5 

1-0364 

10 

1-0754 

20 

1*1593 

4 

1.0302 

IO-5 

1-0792 

21 

11675 

4*5 

1*0339 

ii 

i'oS29 

2Z 

1*1758 

5 

I -0377 

11*5 

roS67 

23 

1*1840 

5'5 

1-0415 

12 

1*0905 

24 

1*1922 

6 

1*0452 

15 

1-0980 

^5 

I'loog 

6-5 

1*0490 

14 

i'io55 

26-39 

I -2043 

7 

1-0526 

15 

rii3i 

tMc  Of  oomnon       ^^  ^  n<>^  neocflfiar^  to  enter  into  particulars  on  tliia  subject*     Salt  in  u^^etJ 
A^'  as  a  neoeBsaiy  oondunent  to  food ;  a  man  weisfbing  75  Idloe.  contains  in  his 

body  0'5  Idlo.  of  common  salt,  and  requires  annually  775  kJios.  to  maintain  this  supply. 
OoBDm^m  salt  ia  used  in  agriculture,  and  is  a**  neoesisary  for  cattle  and  horses  as  for  man. 
It  serres  iDdustrially  in  tbe  prpporation  of  sodii,  clilorinc,  sal^anunonioc,  in  tanning,  In 
many  mctallurjjricad  proccsspa^  the  mauufacture  of  aluminium  and  sodium.  Further*  it  ia 
employed  in  tho  glazing  of  the  coai-ser  Idnda  of  pottery  and  earthenware,  from  the  fact  thai 
when  cummon  aalt  is  fused  with  a  clay  contuiuing'  iron,  the  sodium  is  oxidised  at  the 
expense  of  the  iron,  and  forms  t^od.-!,  whieh,  combining-  witli  the  aluniina  and  silica,  enp- 
pltea  a  glaze,  whik  the  iron  combining  with  the  chlorine  m  volatilised.  The  use.d  of  oomunon 
salt  for  tho  preaerration  of  wood,  for  curing  moat,  preser\-iiig  butter,  eboeae,  &c.,  are  toe 
well  known  to  require  explanation.  Among  the  salt-producing  countries  of  Europe,  Eng- 
land takes  tho  lead»  producing  annually  324oo,cxx>  cwta.,  whue  Crermany  only  produce* 
to*  and  Russia  20  million  cwt». 
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Manufactitre  of  Soda. 
(Soda  or  Sodium  corbortiate,  Naj003  =106.     In  100  parts,  58*5  parts  soda  and 

41-5  parts  carbonic  add.) 
soOft.       All  the  soda  commoDly  used  is  deriyed  from  the  tiireo  undermentioned 
sources  r— 

a.  Natural  or  native  soda  ; 

^.  From  plants ; 

y.  Chemical  production. 

n.  Native  Soda, 

occtttrm^or  K«tfTC  goda  is  foiind  in  many  mineral  waters,  as  at  Karlsbad,  where  tho 
waters  yield  annually  133,700  cwts.  of  carbonate  of  soda,  and  at  Burtschcid,  Ais« 
Itt-Chapello,  Yichy,  and  the  Geyser,  in  Iceland.  Soda  occurs  as  an  effloresccnoe  on 
some  kinds  of  rocks,  chiefly  of  volcanic  ongin,  as  trass  and  gneiss.  Sosquicnrbonato 
of  60da,C30BNa4  -f  3HjO,  is  met  with  in  large  quantities  in  tho  water  of  tho  so-called 
«oda  lakes  of  Egypt,  Central  Africa,  tho  borders  of  the  Caspian  Sea  and  Black  80a, 
in  California,  Mexico,  and  elsewhere.  During  tho  hot  summer  season  a  portion  of 
the  level  country  of  Hungary  is  covered  with  an  efflorescence  of  carbonate  of  soda. 
locally  known  as  Sziho^  which  is  collected  and  brought  to  market.  The  Egyptian 
uame  for  soda  is  Tra-Na,  hence  the  German  term  Katrofu  Tli©  soda  locally  known 
in  Columbia  as  Urao  is  obtained  from  a  lake,  La  Lagunilla,  distant  48  miles  from 
th^  town  of  Merida,    During  tho  hot  season  the  urao  crystallises  from  tho  water. 
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and  is  gathered  from  the  bottom  of  the  lake  at  a  depth  of  3  metres  by  divers,  with 
great  risk  of  their  lives;  the  annual  quantity  collected  amounts  to  1600  cwts.  When 
the  Spaniards  were  in  possession  of  this  territory  the  nrao  was  a  government 
monoply,  and  was  brought  to  Venezuela  for  the  preparation  of  Mo  or  inspissated 
tobacco  juice.  Very  recently  an  inexhaustible  supply  of  native  soda  has  been 
found  in  Virginia.* 

Various  theories  have  been  proposed  to  explain  the  origin  of  native  soda,  but  here 
as  in  other  instances  it  is  best  to  bear  in  mind  that  a  posse  ad  ease  non  valet  condusio 
Native  soda  is  rarely  exported  from  the  countries  where  it  is  found  and  collected, 
excepting  the  Egyptian  Tro-Xa,  ^rhich  is  brought  to  Venetia  for  glass-making 
puiposes  and  met  with  in  the  trade  in  the  shape  of  bricks  made  up  with  sand. 

^.  Soda  from  PlantSy  or  Soda-ash. 
^d  ftSi^S??'  When  treating  in  a  former  chapter  of  potassa  we  saw  that  the 
ash  of  plants,  especially  of  those  grown  at  a  considerable  distance  from  the  sea, 
contains  carbonate  of  jMjtassa;  likewise  that  plants  grown  near  the  sea-ehore  and  in 
the  localities  known  as  salt  steppes  yield  an  ash  which  contains  more  or  less  sodii 
in  the  living  plant  combined  with  sulphuric  and  organic  acids,  and  which  under  the 
influence  of  the  carbonate  of  lime  is  during  the  ignition  of  the  plant  converted  into 
carbonate  of  soda.  In  addition  to  the  species  of  Fucus  growing  in  the  sea  itself, 
the  genera  known  as  Sahola^  Atriplex,  Salicornia,  &c.,  are  employed  for  the  pre- 
paration of  6oda,  and  until  lately  were  largely  cultivated  for  this  purpose.  The 
process  of  obtaining  soda  from  these  plants  simply  consisto  in  burning  them  in  pita 
dug  in  the  sand  near  the  sea-shore,  the  heat  of  the  combustion  becoming  so  intense 
as  to  cause  the  ash  to  flux,  so  that  after  cooling  the  material  forms  a  hard  slag-like 
mass,  termed  in  the  trade  crude  soda  or  soda-ash,  the  quantity  of  carbonate  of  soda 
it  contains  varying  from  3  to  30  per  cent.  This  new  material  is  refined  by  exhausting 
with  water  and  evaporating  the  liquor.  From  the  different  plants  and  modes  of 
preparation  employed  we  obtain  the  following  distinctions  in  kind : — 

a.  Barilla,  from  Alicante,  Malaga,  Carthagcna,  the  Canary  Islands,  and  the  Barilla  soda 
(5<ii^/«  «arfa)  produced  on  the  Spanish  coast ;  contains  on  an  average  from  25  to  30  per 
oent.  of  caroonato  of  soda. 

b.  Salicor,  or  soda  from  Karbonnc,  obtained  by  the  ignition  of  the  Sialicornia  annwi, 
planted  purposely,  and  gathered  when  the  seed  is  ripe;  contains  about  14  parts  of  carbonate 
of  soda. 

e,  Blanquette,  or  soda  from  Aigues-Mortes,  prepared  from  the  plants  prowing  wild  on 
the  tract  of  comparatively  barren  land  lying  l)etween  Aignes-Mortes  and  Frontignan,  viz., 
the  Salicornia  Europea,  Salsola  tragnxy  Sahola  kali^  Statice  limoniumf  Atriplex  portulacoidta. 
This  soda  only  contains  from  3  to  8  per  cent  of  sodic  carbonate. 

d.  Araxes  soda,  of  about  the  same  value  as  the  preceding,  is  largely  used  in  Southern 
Rossia,  and  is  obtained  from  plants  of  the  mountain  plateau  of  the  Araxes  in  Armenia, 
where  the  soda  is  prepared. 

e.  Of  less  value  even  than  the  preceding  is  the  Tarcc  soda^  obtained  on  the  coasts  of 
Normandy  and  Brittany  from  the  go'emonj  Fncus  vexicuIoHus. 

f.  Kelp*  is  obtained  in  Scotland  and  the  Orkneys  by  the  combustion  of  various  sea-weed^, 
the  Fucun  serratun^  F.  nodosus,  Laminaria  digitata^  and  Zostei'a  marina.  Notwithstanding  that 
480  cwts.  of  dried  plants  only  yield  20  cwts.  of  kelp,  containing  no  more  than  from  50  to 
100  lbs.  of  sodic  carbonate,  20,000  people  are  occupied  in  the  Orkneys  alone  in  the  prciiara- 
tion  of  kelp. 

a.  Among  the  varieties  of  soda  derived  from  plants  may  be  mentioned  that  obtained  in 
wnsiderablo  quantity  from  the  vinasso  of  beet-root,  but  this  soda,  according  to  Tissandier'a 
analysis,  always  contains  carbonate  of  potassa. 

•  See  "Chemical  News,"  vol.  xxi.,  p.  129. 
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y,  Sotia  prepared  hj  Chemical  Procestes, 
***^?roc«r*"*      ^^'  Le^^l*"!*^*  tlic  inventx>r  ot  the  suoccsaful  mothod  of  conTorting 
common  salt  into  carbonato  of  soda,  may  indeod  bo  considered  as  aa  imm^ato 
benefactor  to  his  countrjTnen,  who,  until  the  latter  half  of  the  last  contuiy.  annually 
pBud  20  to  30  milliona  of  francs  to  Spain  for  barilla.     Tho  war  which  brokoout  in 
1792  terminaUxl  the  importtition  of  soda,  potoah,  and  soltpotro  into  FranoQi  and 
henoo  tho  Comite  du  Salut  Public  decreed  in  1793,  amongst  other  moasuree,  that 
all  30<ia  manufacturers  should  givo  the  fullest  particulai-a  of  their  mode  of  working, 
and  the  processes  they  imagined  might  be  used  on  the  large  sc^ilo  to  obtain  soda 
equally  good  and  cheap  as  that  from  barilla  without  the  use  of  that  or  any  sinular 
material.     Tho  manufacturer  Leblanc  was  the  first  who  sent  in  full  particularg  on 
thia  subject,  and  his  process  was  declared  by  the  oommittec  to  bo  the  best  and  most 
suitable,  the  verdict  standing  unshaken  to  the  present  day,  which  Vitnoaaoa 
improvement  of  the  retro  very  of  the  sulphur  from  the  soda  waste. 
Lebt«Re*tFToee«.      Thls  uow  consists  in  the  following  stages : — 

a.  Tho  preparation  of  sulphato  of  soda  from  salt  by  the  aid  either  of  solphurio 
acid  or  sulphates^  or  by  the  roasting  of  common  salt  with  iron  pyrites  or 
other  native  metallic  sulphuret^, 
Ih  Conversion  of  the  sulphate  into  crude  soda  by  roasting  with  a  mixture  ol 
chalk  and  small  coal. 

c.  Conversion  of  the  crude  soda  into  refined  soda  or  csaustic  soda  by  lixiviatioil 
and  evaporation. 

d.  Recovery  of  the  aulphur  from  the  aoda  wa^te. 
peeompSlSS'purnw*.  "'  ^^^  ^^^^  usual  mode  of  converting  common  salt  into  sul- 
phate of  soda  is  by  tho  action  of  sulphuric  acid.  Tho  condensation  of  the  hydro- 
chloric acid  gas  is  generally  effected  by  a  metho<i  introduced  in  1836  by  Mr.  Gossago, 
and  consisting  la  the  use  of  a  contrivance  known  as  cokt?-  or  condensing-towers* 
These  are  square  buildings  fi-om  12  to  14  metres  in  height,  by  an  interior  width  of 
1*3  to  I '6  metres,  constructed  of  «tA:>ne  not  acted  upon  by  hydrochloric  acid,  tho 
joints  being  cementf^d  with  a  mortar  made  of  coal-tar  antl  fiie-clay.  To  nearly  the 
top  these  buildings  are  divided  by  a  wall,  each  compartment  thus  formed  being 
filled  with  pieces  of  coko  resting  on  a  perforated  stone  floor.  Water  is  caused  to 
flow  constantly  from  the  top  of  tho  tower  on  to  tho  coko.  Tho  hydrochloric  acid  gika 
resulting  from  the  decomposition  of  the  salt  by  sulphuric  acid  is  conducted  by  means 
of  stoneware  tubes  to  the  bottom  of  the  first  compartment  of  the  cnndensing-tower, 
and  there  meeting  with  the  mniKt  coke  is  condensed  to  within  95  per  cent,  of  the 
entire  quantity,  tho  other  compartment  of  tlio  condensing- tower  being  usually  in 
direct  connection  with  the  chimney-shaft  of  the  alkali-works.  The  decomposition- 
fumacos  at  first  in  use  wore  reverberatory  furnaces  so  constructed  that  the  smoke 
and  gases  from  the  combustion  of  the  coals  and  the  hydrochloric  acid  gas  pa^ed  off 
together,  and  as  a  consequence  the  hot  gases  wore  not  in  the  best  condition 
for  condensation.  The  furnace  now  in  general  use  is  that  invented  in  1836  Inr 
Crossage,  and  improved  in  1839  by  Gamble,  who  was  tho  first  to  arrange  the  two 
phases  or  stadia  of  the  decomposition  in  the  separate  compartments,  o  and  e,  of  tho 
furnace  exhibited  in  Fig.  71.  This  anungemeut  has  been  used  for  a  very  long 
period,  the  alkali  mantifiicturors  employing  a  rcverbemtory  furnace  which  could  bo 
put  into  oommunication  at  pleASure  with  a  kind  of  muffle,  the  bottom  consisting  of  m 
stout  cast-iron  plate,  the  fiamo  from  the  furnace-grate  being  made  to  play  i^psiiifll 
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this  muffle  previously  to  entering  the  chimney.  The  muffle  ooBumiiiioatcHl  with  a 
oondeuaiiij^  apparatus,  m  it'.  According'  to  this  plan  of  working,  the  common  salt 
was  placed  in  g,  and  well  warmed  sulphuiic  acid  made  to  flow  over  it ;  a  very  strong 
and  violent  reaction  took  place,  and  half  or  nearly  two-thirds  of  the  hydrwhloiic 
acid  formed  was  rcaiiily  condensed,  as  it  was  not  mixed  with  the  hot  gases  of  tho 
combustion.  The  product  resulting  from  thb  mode  of  operation  was  a  mixture  of 
bisiilphate  uf  soda  and  common  salt,  2NaCl  + 11^804  =  NaHS04  +  NaCl  +  HCL 
This  mixture  was  next  shovelled  into  the  revorberatoiy  furnace,  E,  the  muffle  being 
again  charged  with  salt  and  acid.  By  the  inten*?!e  heat  of  the  reverberatory  furnace 
the  mixture  of  bisulphato  of  soda  anil  common  salt  was  txm verted  into  neutml 
sulphate,  NaHS04  +  XaCI  =  NajS04  +  HCl ;  the  hydrochloric  f^s  evolvi^l  in 
thia  operation  was,  however,  condensed  with  difficulty,  in  consequence  of  bein^ 
mixed  with  nitrogen,  carbonic  acid,  and  carbonic  oxide ;    and  besides  the  con» 
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sixi^  tnwi.a'^  rjiiior  rum  r<^>!ii]H3i'ai</iL  upp  '  ■  rr<[i.in'N'<i  10  jhr<'V<"iit  the  escapo 

of  acid  fumes  into  tho  air.     These  defect  a  rem 0 died  in  the  construction 

of  an  improved  decompofrition-furaaco, 

949 r»ccfica;maiion-FuTnac«.  This  furnace  cnnaists  of  two  muffles,  one  of  cast-ii'on,  the 
other  of  fire-bricks ;  tho  interior  of  the  former  is  a  segment  of  a  hollow  sphere  of 
9  feet  or  374  metres  dimneter,  and  i  foot  9  inches  or  o'52  metre  deep,  resting  on 
brick-work.  A  cast-iron  h'd  is  provided,  in  shape  also  a  segment  of  a  sphere,  having 
to4e|»th  in  the  centre  of  i  foot  or  0*30  metre;  in  this  lid  are  arianged  two  openings 
I  suitable  doors,  through  one  of  which  the  common  salt  is  in  trod  need »  while  the 
other  communicates  with  tho  second  muffle.  Tho  hearth  is  phiced  oblii|uely,  the 
^  flamos  first  plaj-ing  on  the  lid,  and  then  passing  under  the  muffle ;  accordingly  tho 
iloric  acid  gas  is  unmixed  with  other  gases,  and  its  temperature  being  com- 
Rtively  low,  condensation  is  more  readily  eflbcted.  Tho  second  or  briokivork 
muffle  encloses  a  space  of  30  feet  or  9*14  melxes  in  length,  by  g  feet  or  274  metres 
in  width ;  under  the  floor  of  this  room  a  series  of  flues  or  channels  are  built,  while 
the  top  is  formed  of  a  double  vault  to  admit  the  c'rculution  of  the  flames,  whieL 
ai«  next  conducted  through  tho  channels  under  tho  floor. 
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The  mode  of  operatioa  is  as  follows : — Into  the  iron  mufflo,  previously  well  heated, 
half  a  ton  of  common  salt  is  introduced,  to  which  is  added  sulphuric  acid  of  1 7  ep.  gr., 
the  quantity  of  the  acid  being  regulated  so  as  to  leave  i  to  j  per  cent,  of  salt  und©^ 
composed  in  order  to  oht4tin  a  perfectly  neutral  sulphate,  roo  parts  of  salt  roquiro 
for  their  complete  decomposition  95  parts  of  an  acid  at  60'  B.  ^  17  sp.  gr,,  or 
104  parts  of  an  acid  at  55^  B  =  1-62  ap.  gi\  The  mixture  of  acid  and  salt  is  occasion- 
ally well  stirred,  and  after  the  lapse  of  i  J  hour  has  become  sufficiently  dry  to  be 
raked  over  into  tho  brickwork  compartment  of  the  oven,  which  is  kept  at  a  bright 
red  heat  to  assist  tho  expulsion  of  the  hydrochloric  acid  g^is.  If  it  is  desired  to 
obtain  a  concentrated  hydrochloric  acid  solution,  the  escaping  gas  must  bo  C4X»led 
down  before  entering  tlie  condonsing-towers.  There  is  generally  a  valve  or  damper, 
by  which  tho  communication  between  the  two  muffles  may  be  closed,  in  order  that 
the  hydrochloric  acid  gas  ovolyedin  each  ma)*be  aepnmtely  collected  and  condensed. 
With  these  contrivances,  and  well  constructed  condensers  supplied  plentifully  with 
water,  tho  preparation  of  sulphate  of  Boda  maybe  caxTied  on  without  any  inconveni- 
ence to  the  neighbourhood  in  which  tho  works  are  situated.  For  more  than  twenty 
years  Messrs.  Tennant,  of  Glasgow,  have  employed  this  kind  of  fiimaco,  decomposing 
500  tons  of  common  salt  per  week  without  receiving  any  complaints.  On  the  Conti- 
nent, alkali-works  are  legally  compelled  to  havo  the  decomposition-furnaces  con- 
structed according  to  a  plan  first  brcjught  out  in  Belgium,  and  which  is  very  similar 
to  the  fumaoo  alhaady  described.  The  assertion  of  Dr,  Wagner,  in  his  original  text, 
concerning  the  many  complaints  nftw  arising  in  Eughmd  in  rel'eronce  to  the  escape 
of  hydrochloric  acid  fimiesfrom  alkali-works,  is  altogether  unfounded,  the  fiict  being 
that  accoi'ding  to  the  published  reports  of  the  inspector,  Dr.  Angus  Smit-h,  under 
tho  Alkali  Act,  nearly  all  tho  manufacturers  condense,  instead  of  95  per  cent,  of  tho 
hydrochloric  acid,  as  required  by  tho  Act,  from  97  to  98*5  per  cent, 

^^''SScSltesSi'***"'  ^*  ^^  ^rder  to  convert  tho  sulphate  of  soda  into  crude  or 
raw  sodic  carbonate?,  the  former  sale  is  mixed  with  chalk,  or  sometimes  with 
slaked  limo  and  small  coal,  and  this  mixture,  fused  in  a  revorboratory  fnmaoe. 
According  to  Leblanc's  directions,  the  proportions  are — 

Sulphate too  parts 

Chalk* 100     „ 

Slaked  lime        5^      » 

but  tho  quantities  as  employed  in  ten  different  works  vary  for  100  parts  of  aulphiil 
&om  90  to  i2t  purts  of  chalk,  and  the  quantity  of  small  coal  from  40  to  75  partib 
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In  some  aUtttU-worksforapatti  .ix  ..  .....  chalk  is  substituted  the  d    .*^j ...:... .  .  and 

lixiviated  soda  waste.    The  reverberatory  furnace  generally  used  in  English  alkali* 
works,  and  technically  known  an  a  hailing  furnace,  is  shown  in  Fig.  72,  and  thut 
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employed  ia  Germany  in  Fig.  73,  In  England,  tho  materiala  having  been  first 
heated  on  the  upper  stage  of  the  furaaco  by  tho  waste  heat,  only  remain  in  tho 
u^orktng  /urnace  (see  Fig.  72)  for  about  half-an-hour ;  in  Gorman  works  the  mixhiru 
of  fttlphate,  chalk,  and  small  coal  is  strongly  heated  in  M  (see  Fig.  73),  until  the 
maas  becomes  fluxed  and  pasty,  and  lambent  flames  of  burning  carbonic  oxide  are 
ejected  fiTom  the  eurfacc.  When  this  is  seen  tho  eomi-fluid  mofis  is  removed  from 
the  furnace  through  the  openings  r  i%  and  transferred  to  an  iron  car,  C,  where  it  is 
left  to  cool. 

It  is  difficult  to  say  whether  the  Engli^i  or  Continental  method  is  tho  more 
ppofcrable;  viewed  from  a  theoretieal  point  of  view,  il  would  appear  that  the  English 
method  is  tho  better  of  the  two»     As  in  English  works,  a  smaller  quantity  of 
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Ikterials,  only  about  ;  -  in  Continental  works  fi-om  ^o  to  70  cwts.,  la 

operated  upon  at  a  time,  tho  labour  its  light(»r ;  tho  materials,  too,  are  not  expofied  to 
i  intense  heat  for  a  long  period ;  thus  a  losa  of  soda  by  the  volatilisation  of  the 
[ium  is  less  Ukoly  to  occur.  According  to  Wright's  investigations  (1867),  the  loss 
by  tho  conversion  of  tlio  sulphate  amounts  to  20  per  cent,  of  the  sodium 
ned  in  the  sulphate,  as  shown  by  the  following  figures  :^ 

Undecom posed  sulphate .*      5 '49 

Insoluble  bodium  compounds ,      ..     ..     5*44 

Yolalilisation  of  the  sodium ,,      ..      ,.      1*14 

Sodium  retained  in  the  waste        ! , .      . .     3*61 

LoM  ocjcasioned  by  the  evaporation  of  the  liquors    . ,     6*56 


20'Z4 

rSitttSj'HMi'tii*'  ^^  ^^5^  Elhot  and  Bussell  sugg<?sted  a  contrivance  which  dis- 
1  with  tho  stirring  of  the  materials  by  manual  labour,  and  consisted  of  a  cylin- 
drical vessel  made  to  rotate  on  a  horizontal  axis.  Stevenson  and  Williamson  im- 
ved  upon  this  idea,  and  according  to  their  plan  of  working  (see  Fig.  74)  the 
re  of  sulphate,  chalk,  and  small  coal  is  placed  ia  tho  iron  cylinder,  A,  lined 
with  fire-clay.  Bibs  or  rails,  b,  cast  on  tho  cylinder,  run  on  the  wheels,  c,  receiving 
motion  from  machinery  with  which  thoy  gear,  and  causing  the  cylinder  to  rotate. 
The  heated  air  of  the  hearth,  D,  flows  through  the  opening  E  into  tho  cylinder,  and 
possmg  through  F,  reaches  the  vaulted  compartment,  o,  and  is  cjirried  off  by  the  flue, 
K»  to  the  chimney.  The  interior  of  the  cylinder  having  been  heated  to  redness,  tho 
materials  are  allowed  to  fall  into  it  from  the  waggon,  J,  through  tho  funnel,  H. 
After  the  lapse  of  ten  minutes  the  cylinder  is  caused  to  make  a  half  revolution,  and 
id  then  leil:  for  five  minutes,  the  operation  being  continued  until  the  mass  inside  the 


176 


CEEMICAL  TECKNOLOOY, 


cylinder  fusos,  whicli  l9M|H||0e  in  about  half-an-liour.  The  cylinder  is  Uien  set 
continuously  in  motion  mTmt^  make  one  revolution  every  thro©  minutes.  The 
progi'ess  from  time  to  time  is  watcliod  through  a  door-way  constmcted  in  tho 
cylinder,  and  as  soon  aa  the  operation  is  complete  tlio  molten  maas  i«run  off  through 
the  opening  d'.  There  can  be  no  doubt  that  the  rotatoiy  fui-naco  is  a  great  improT©- 
ment,  and  one  which,  be/sides  saving  labcmr,  prevents  a  loss  of  eoda  by  voktiliaa* 
tion,  A  cylinder  ii  fuet  long  and  7*5  feet  in  diameter  converts  in  two  houi^  14 
cwt8,  or  700  kilos,  of  sulphate  at  an  eaLpenditure  of  only  2b.  id. 
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The  oompoBitioii  of  the  crude  or  ball  6oda  is  upproximAtely : — 
Curbonat*  of  Boda     . ,     . .     45 
Sulphurt^t  of  calcLuiii        . ,     30 
Caui»tio  lime        , ,     , .      . .     to 
Carbonate  of  lime  ^ 

Foreign  auboUnoes  >  > 

100 


In  this  eoontrr  Iarg«  quantities  of  aoda  ash  are  used  in  glasB-makiug,  iioap-1 
bleaching,  and  ether  operations. 

"*SlS?s^!**  ^'  Conversion  of  crude  into  refined  soda  by  lixiviation  and 
evaporation,  a,  Lixiviation  of  tho  crude  soda.  When  the  crude  soda  is  acted  upon 
by  water  there  results  a  solution  containing  chiefly  carbonate  of  soda,  and  a  maas 
remaining  undissolved  known  as  soda  waste.     100  parts  of  raw  soda  yield  : — 

Soluble  matter    ,.      ..     45*0  parts 

Soda  wast© 587    „ 


1037     .» 

As  a  rule  English  ball  soda  has  a  deeper  colour ,  and  contains  more  carbon  than 
the  soda  of  Continental  manufacture.  Ball  soda*  previously  to  being  lixiviated,  ifl 
usually  exposed  for  at  least  two  and  sometimes  for  ten  days  to  the  action  of  the  air, 
to  giiin  in  i>oroaity,  and  hence  be  more  readily  actod  ujson  by  tho  water. 

Of  the  several  methods  of  lixi^nation  proposed,  and  in  more  or  less  successful  uao 
on  the  large  scale,  maybe  mentioned  the  fuUowin;*  :^Tho  method  of  lixiviation  by 
Btmplo  filtration  is  not  to  bo  recommended  on  uocfjunt  of  tho  great  labour  it  requires, 
but  the  process  consists  in  putting  tho  crude  soda»  previously  broken  up  into  lumpt 
of  suitable  size,  into  tanks  provided  with  a  perforated  false  bottom,  upon  which  the 
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erode  soda  is  placed,  water  being  poured  on.  This  airangement  is  repres  nted  in 
Pig.  75»  A,  B,  c,  D,  The  perforated  false  bottom  is  about  25  centime,  from  the  bottom 
of  the  tanks.  The  wooden  channel,  K,  suspended  frcm  the  ceiling  of  the  shed  bj* 
the  iron  bonds,  F  f',  convej^s  water. 
which  by  means  of  the  plugs,  f ,  t\  and 
f,  can  bo  lot  into  the  tanks,  theso 
being  provided  with  tnps,  r,  r\  and 
r",  by  which  the  liquid  can  be  nm  off 
into  the  channel ,  k'.  To il lustnito  the 
modus  operandi  three  tank^,  A,  B,  c, 
ftcient ;  A  is  filled  with  fresh 
B  with  ball  soda  once, 
and  C  with  ball  soilu  twice  lixivia te<l. 
"We  then  begin  by  filling  each  tank 
with  the  liquor  wliich  has  been  used 
for  washing  the  soda  waste  the  hifi.t 

time  before  throwing  it  asijio;  this  liquid  remains  in  each  tank  for  a  period  of  eight 
homst  and  the  alkaline  ley,  which  then  marks  30''  B.,  is  run  off  f^om  a»  and  the 
operation  repeated  with  weak<?r  liquors  in  d  and  c\  the  leys  being  all  rouveyod  to  a 
large  reservoir^  the  contents  of  which  mark  25^  13.  Fresh  liquor  is  pourtjd  into  A 
and  D,  and  into  D,  which  is  filled  with  ball  stAn*  By  this  arrangement  a  conatant 
supply  of  ley  at  as*"  B.  is  kept  up. 

Desormea's  lixiviation  apparatus,  Fig,  7O,  consteits  of  a  sGries  of  twelve  to  fourtt^n 
tank9,  of  which  only  fivo,  a,  b,  c,  d,  E,  are  exhibited  in  the  woodcut.  By  means  of 
th©  bent  tubes,  fitted  about  15  centims.  from  the  bottom  of  each  tank,  the  liquor 
flows  int'>  the  next  lower  tank  of  the  series,  and  so  to  the  tanks,  f  f',  called  th© 
clearing  or  settling  tanksi  of  which  there  are  six  connected  togethtr  by  tubes.  The 
bull  soda  to  be  lixiriated  ie  ground  to  powder,  and  placed  in  the  perforated  sheet- 
iron  Tosaels,  e  €,  ad^  and  so  on.     At  the  commencement  the  tanks  are  filled  with 
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Wii.  , ,  ,, .. :  i  L ,.  .  ^   . .  1  vn^>!ols  placed  in  E  filled  with  50  kilos,  of  ball  soi1a : 

after  twenty-five  minutes  k  are  removed  to  B,  and  others  filled  vrith  fresh 

8<xla  placed  in  E,     In  this  uinuiin  the  operation  proceeds,  so  tlmt  after  eight  hours, 
when  fbuifeon  lixiviation  tanks  aru  worked,  there  are  found  in  A  porforated  veasola 
which  haTe  been  gr-udaally  removed  from  the  lowest  to  the  highest  tank,  a,  two 
13 
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f  esseld,  //,  having  been  removed  from  that  tank  and  placed  upon  the  sholf,  i%  to 
dniin,  where  having  remained  for  about  half- an -hour  they  are  removed,  the  contents 
emptied,  and  other  vessels  placed  to  drain.  Each  time  that  two  of  the  perforated 
vesseU  EUed  with  ball  »oda  are  placed  in  the  lowest  tank,  there  is  poured  into 
uppermost  as  much  water  as  cKJiresponds  with  the  bulk  of  the  fresh  soda;  this  waft 
displaces  the  heavy  ley  which  runs  through  the  tubo  from  a  to  b,  and  so  on,  until  at 
lost  the  concentrated  and  nearly  saturated  liquor  runs  from  E  into  F  F,  where  any 
suspended  matter  is  deposited.  The  tempeniture  of  the  liquor  In  these  tanks  should 
bo  (torn  45'  to  50';  but  not  higher,  in  order  to  prevent  any  decomposition  of  the 
Bulphido  nf  calcium.  The  lixiviatJon  tanks,  as  well  as  the  clearing  tanks,  are 
provided  with  itteaiu  pipes  for  the  purpose  of  keeping  the  liquor  stifficiently  heated, 
and  to  prevent  any  sodu  cryi^tallising  out  by  cooling.  It  in  almost  evident  that  this 
method  of  lixiviation  is  the  beat  which  can  bo  adopted,  as  the  concentrat«?d  liquo; 
cannot  adhere  to  the  solid  substance  which  it  is  intended  to  dissolve,  because  in 
consequence  of  its  high  gp,  gr.  the  liquor  sinks  to  the  bottom  of  the  tank*  Fig.  77 
represents  two  lixiviation  tanks  dmwn  to  a  larger  scale,  and  of  a  somewhat  different 
arrangement.  Eacli  tank  is  divided  into  threo  compartments  by  means  of  a  double 
partition  wall,  communication  between  the  two  compartments  being  provided  by  tlia 
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nclea  a  and  h  and  the  space  betw^ecn  the  partition  plates  r«»ceiving  the  steam  pipea, 
h  ft,  g  ff  are  the  tubes  for  convoying  the  liquor,  and  n  n  the  perforated  vesse.e,  to 
which  are  ri vetted  iron  bars  serving  the  purpose  of  handles,  Mr,  James  Shanks,  of 
8t,  Helen's,  was  the  first  to  found  a  rational  and  ec*:)noniicftl  plan  of  liximtion,  on 
what  is  termed  methfxiicjil  filtration,  based  upon  the  fact  that  a  solution  becomes  mons 
dense  the  more  saline  matter  it  has  in  solution,  and  that  a  column  of  weak  ley  of  a 
certain  height  wpiilibrates  a  shorter  column  of  a  stronger  ley.  In  accoidanco  with 
this  principle,  the  tanks,  four  or  eight  in  number,  are  placed  as  shown  in  Fig.  78, 
and  through  them  water  is  caiased  to  flow,  exhausting  the  crude  soda  in  its  passage^ 
tind  becoming  consequently  denser  in  each  consecutive  tank  of  the  series ;  henoe, 
the  level  of  the  liquid  is  lowered  in  each  tank  from  the  first,  which  contains  pure 
water,  to  the  last,  from  which  a  saturated  ley  runs  off.  The  length  of  the  tanks  is 
2*6  metres  by  2  metres  in  depth;  F  is  a  f»erforatetl  false  sheet -iron  l*ottom  supported 
by  iron  bars.  Fi*om  the  bottom  of  each  tank  an  open  tuT»e,  T,  the  lower  opening 
being  cut  diagonally,  and  at  the  top  a  smaller  tube,  f,  soldered  on,  connect  the  tanks. 
The  water  pipes,  r  r  r  r,  fitted  witli  taps  are  placed  to  admit  of  water  being 
supplied  to  each  tank ;  by  means  of  the  taps,  n  r',  the  ley  can  be  run  off  into  the 
channeU  <^.    Four  lixiviattons  as  a  rula  sufBco.    The  working  is  as  follows :— The 
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first  tank  contains  ball  soda  already  three  times  lixiriated;  the  liquor  added  to  it  ia  a 
very  weak  soda  Bolution  from  a  former  operation,  which  percolates  into  the  aeeond  tank. 
The  liqnid  there  meets  with  soda  which  lias  been  twice  submitted  to  Ihe  lixiviation 
process,  and  next  flows  over  into  the  third  tank,  tlie  solid  contents  of  which  have 
been  only  once  previouslj'  lixiviated.     Finally,  the  lye  ftrrires  in  the  fourth  tank*  in 


w 


Fig.  ' 


'>r-\ 


-  ^  ^^  '-'^--%-^-- 


lich  fresh  ball  soda  has  been  placed,  and  from  thi»  tank  flows  into  a  large  reservoir. 
>  first  tank  having  been  cleared  of  soda  waste  is  now  filled  with  fresh  ball  soda, 
and  the  succession  of  the  operation  reversed  by  the  nid  of  taps  fitted  to  the  tiib*^ 
connecting  the  tanks.  The  larger  the  number  of  tanks  the  more  rapidlj*  within 
certain  limits  a  j^iven  weight  of  crude  soda  can  bo  exhausted.  The  density  of  the 
ley  ought  to  bo  fixtm  I'ij  to  1*286,  a  cubic  foot,  or  0038  cubic  metre,  containing 
from  4*5  to  4'95  kilos,  of  solid  matter.  Tho  advantages  of  this  mode  of  lixiviation 
rire — r.  That  the  carriage  of  the  crude  soda  from  one  tank  to  another  is  dispensed 
with,  and  consequently  much  labour  saved,  2,  Tho  soda  lieiag  always  covere^l  with 
liqiiid  cannot  cake.  3.  As  the  current  is  always  downwards  the  most  concentrated 
ppTuon  of  the  fluid  is  conveyed  forward,  and  consequently  less  water  is  required, 

4,  By  the  continuity  c»f  the  operation  any  reaction  between  the  alkali  and  the 
insoluble  calcium  sulphuret  is  prevented,  or,  in  other  words,  the  formation  of  solublo 
alkaline  and  other  sulplmrets,  entailing  a  loss  of  soda,  is  reduced  to  a  minimum. 

5,  The  high  degree  of  concentration  of  the  ley  effects  a  considerable  saving  in  tho 
expense  of  tho  evaporation. 

The  nature  of  the  ley  afler  the  suspended  matter  has  been  deposited,  greotly 
depends  upon  the  condition  of  the  ball  soda  employed,  tho  duration  of  the  process, 
and  the  tcmperaturo  of  the  water ;  it  is,  therefore,  difficult  to  make  any  general 
observation,  Kynaston,  Scheurer-Kestner,  and  Kol}>  have  proved  that  ball  soda 
does  not  contain  caustic  soda,  and  that  consequently  the  presence  of  this  substance 
in  the  ley  is  duo  to  the  action  under  water  of  tho  lime  upon  the  sodic  carbonate. 
Sulphuret  of  calcium  can  only  be  present  in  the  dry  ball  soda  in  very  small  quantities, 
but  sulphuret  of  sodium  nmy  exist  in  the  ley  to  a  greater  extent  than  caustic  soda* 
tho  quantity  varying  with  tho  mo*lo  of  lixiviation.  Commonly,  only  monosulphuret 
of  sodium  is  present  in  tho  ley  j  even  if  a  polysulphuret  were  temporarily  formed  it 
would  bo  immediately  convertf.ii  into  monosulphuret  by  the  presence  of  the  caustio 
»oda.  The  dry  ball  soda  contains  peroxide  of  iron,  converted  into  sulphuret  of  iron 
by  the  action  of  the  water ;  this  sulphuret  thssolving  in  tho  sulphuret  of  sodium 
cauaee  the  green-  or  yellow-brown  colour  of  the  ley.   The  quantity  of  water  employed 
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in  tho  lixivia tion  has  no  effect  upon  tho  causticity  of  the  ley,  but  the  quantity 
of  sulphuret  of  sodiuni  increasos  witli  the  quantity  of  water,  the  duration  of 
the  lixiviation,  the  temperature,  and  the  coBcentration ;  this  ia  owing  to  the 
increased  solubility  of  the  siilphuret  of  calcium,  which,  when  in  contact  with  water, 
is  conrerted  XBto  hydrosulphuret  of  calcium  and  hydrate  of  lime,  the  former  yielding 
with  caustic  soda  the  more  sulphuret  of  sodium  the  higher  the  concentration  of  the 
ley.  Tho  same  reasoning  holds  good  for  carbonate  of  soda,  which  is  also  coiiTerted 
into  sulphuret,  but  only  in  very  dilute  solutions,  at  a  higher  temperature  after  a 
lengthened  contact. 

According  to  Kolb'a  researches,  boll  soda  should  bo  Ijjuviated  rapiiUy,  with  but  a 
small  quantity  of  water,  and  at  a  low  temperature.  If  it  were  possible  it  would  be 
a  great  improTemont  to  contrive  an  apparatus  in  which  ball  soda  could  be  li-xiviated 
ir.  a  few  honrs  with  only  so  much  cold  water  as  would  yield  a  very  concentrated  ley; 
the  liquors  obtained  under  such  conditions  would  be  free  from  sxilphuret  of  sodium- 
The  following  analysis  will  give  some  idoa  of  the  composition  of  tho  crude  ley. 
The  sample  was  obtained  from  the  alkali-work^  of  Matlhes  and  Weber,  at  Duisburg, 
the  sp.  gr,  =  1-25,  I  litre  containing  313*9  grms*  of  solid  saline  matter,  consisting 
in  100  parts  of — 

Carbonate  of  soda 71  "250 

Caustic  soda . ,  24*500 

Common  salt  .  *      i  850 

Sulphite  of  soda    ..     ..      ..  o'ioz 

Hyposulphite  of  soda  . ,      , .  0*369 

Sulphuret  of  sodium  . .  0*^35 

Cyanide  of  sodium       . .      0*087 

Argillaceous  earthy  matter I'Sio 

Silica       o'i86 

Iron .      . .      traces 

lOO'O^ 

Another  crude  ley  ti'om  some  works  near  Aix-la-Chapelle  was  of  a  sp.  gr.^  1 
and  contained  311  grms,  of  solid  matter  per  litre. 

EropomtiiiD  or  tiur  Lc7.  3,  The  cliirificd  liquor  contains  essentially  car l>onate  of 
and  caustic  soda,  with  common  salt  and  other  sotla  salts  in  smaller  (juantitiee.  Owii 
to  tho  presence  of  the  double  sulphuret  of  iron  and  sodium,  the  ley  is  coIouhhI 
during  tho  evaporation,  if  it  be  performed  with  the  liquor  immcdiat<?ly  fiT>m  tho 
lixiviation  tanks;  to  prevent  this  result  it  is  neccssarj^  that  the  leys  should  statid  for 
a  considerable  time  in  the  clf^aring  resen^oira  to  effect  a  slow  oxidation  of  the  com* 
pound  salt,  more  rapidly  attained  by  forcing  a  current  of  air  through  tho  ley,  as 
suggested  by  Gossago,  Bloachiiig-i»owder  and  nitrate  of  soda  aro  used  i\a  oxidising 
agents;  a  lead-salt,  oxtde  of  copper,  and  spathose  iron  ore  have  been  employed.  As 
Kolb's  researches  have  proved  that  monoHulphuret  of  iron  is  insoluble  in  caustic  and 
in  carbonate  of  soda  solutions,  an  addition  of  sulphate  of  iron  will  have  the  effect  of 
converting  the  double  sulphuret  of  iron  and  smlium  into  inonosulphuretof  iron  and 
uulphiice  of  soda,  the  former  salt  settling  rapidly  and  yielding  a  clear  colourltjas 
Uqtiid,  and  on  evaporation  a  colourless  salt, 
The  ley  is  treated  in  either  of  the  two  following  ways : — 
CI.  Evaporated  to  dryness,  the  result  being  a  homogeneous  product  which  conl 
unalUired  all  the  constituents  of  tho  ley,  including  the  caustic  soda* 
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'^,  The  ley  is  evaporated  to  a  certam  dc-g^rco  of  concentTation,  the  supersaturated 
ftolutiou  dcpoaitiag  on  cooEng  carbonate  oi  soda  as  a  cxystalHno  powder,  contmning 
1  molecule  of  water,  Ka^COj  +  ^zO ;  the  salt  is  gradually  removed  from  the  liquor 
by  perforated  ladles.     During  the  evapomtion  fresh  ley  is  run  into  th*^  pan  from  a 

iTeeenroir  at  a  higher  leveU  and  in  this  way  the  operation  is  continued  for  several 
months.  It  is  clear  that  by  conducting  tho  evaporation  in  this  manner,  the  carbonate 
of  soda  collected  becomes  gradually  less  and  less  pure,  being  mixed  with  chloride  of 
aodium  and  sulphate  of  soda;  at  last  a  mother-ley  is  left,  containing  chiefly  caustic 
«odA  and  sulphurct  of  sodmm,  and  in  a  concentrated  solution  of  these  substances  the 

I  other  salts  are  insoluble^  The  crystalline  carbonate  of  soda  is  first  drained,  an  opera* 
tioD  sometimes  performed  in  centrifugal  turbines,  and  then  calcined  in  a  reverbera- 
tory  fiunaco  to  oxidise  any  sulphurot  of  sodluni  that  might  be  present ;  after  this 
calcination  tho  salt  constitutes  the  calcme^l  soda  of  commerce.  The  qualit}^  of  the 
commercial  article  varies  considerably,  tho  difTerenco  being  partly  duo  to  the  care 
L  in  tiie  evaporation.    The  first  crop  of  wdt  is  always  the  best,  that  is  to  say, 

[  OOHtaius  tho  largest  percentage  of  sodic  carbonate,  sometimes  amounting  to  go  per 

Fid*  79- 
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"When  the  ley  is  t  d  on  in  ft 

Freverberatory  furnace,  Fig.  79,  Xiiy  lieaith  i&  ilooicd  Willi  liro-briLki>,  on  to  which  a 
thick  coating  of  carbonate  of  srxla  is  well  mtiimcd.  Tlie  fuel  burning  in  A  is  coke ; 
as  soon  as  the  furnace  has  become  thoroughly  red-hot,  ley  previously  evaporated  to 
^^'^  B.  in  the  pans  D  and  E,  is  run  into  the  fiimaco,  efl'eciing  a  very  rapid  evapo- 
ration to  dryness,  care  being  taken  to  stir  the  saline  mass  to  keep  tho  salt  in  a 
pulverulent  state.  By  means  of  the  damiJcrs,  F,  o,  and  the  flues,  c  c',  tho  hot  air  and 
flame  of  the  burning  fuel  may  be  conducte^l  under  the  pans  D  and  E  or  into  the 
chiznnjey,  Tho  composition  of  soda  thus  ev&porated  to  dryness  is,  according  to  the 
analysis  of  two  samples  by  Mr.  J.  Brown,  as  follows ; — 

I.  n, 

Carbonate  of  soda  . .      . .      . .      . .  68*907  65*5 13 

Caustic  soda *.  I4*433  1607:^ 

Sulphite  f^f  soda 7-018  7*81  a 

Hyposulphite  of  soda 2'z^i  ^*I34 

Sulphurfit  of  sodium i'3i4  1*54^ 

Chloride  of  sodium        3'972  3'863 

Alumiaate  of  soda         1*016  1*232 

Silicate  of  soda      i  "ojo  0*800 

Insoluble  mutter    . . o'8i4  o'974 


J00735 


99'94X 
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The  salt  in  next  calcinedf  and  Die  sulphurc*t  of  scwiiura  convierted  into  uulplute  of  sodiir 
n  portion  of  the  cau.stic  scida  hw^iug^  converted  into  ctirbonate  of  soda.  The  ealeined  salt 
i»  now  i^ady  for  the  nmrket ;  but  in  mjuMf  of  the  largo  alkali^workd  near  Newcastle-cm - 
Tyno  it  ih  TC-dissolTcd  in  water,  treated  with  ciu*bonic  acid,  iind  ufrain  evaporated-  A 
better  product  rt^ult^  from  another  method,  imuiely,  evaparntmg  the  ley  to  a  known 
decree  of  concjentnitiont  and  obtainiii^  Bniall  crpitals  of  s(xla-salt  (Ka3C0;j+ H,0).  In 
IhiB  caae,  n»  rcgitrdB  the  methods  of  evapiiration  employed,  the  two  foUowing'  are  most 
gt?iieral: — Heat  ia  brought  to  bear  on  tlie  surface  of  the  lir|uid  contained  in  ehalJow 
rfictangidar  iron  pans  fitted  to  the  hearth  of  a  rf^verberatoiy  furnace  ;  the  liquid  rapidly 
boik  at  the  Bforfaoe,  and  a  saline  crust  ia  formod«  which  is  constantlv  broken  up  and 
collected  with  iron  rakeii  by  the  workmen.  Now  and  then  the  salt  deposited  at  the  bottom 
i^  temored  and  placed  on  a  alopinjf  lotlg^  to  drain.  This  method  of  evaporation  ia  econo- 
mical, but  ftttc*nde<l  with  the  disad^^antage  that  the  ley  m  constantly  in  contact  with  the 
carbonic  and  stilpbiirona  acid  gasc^  arihing-  from  the  combustion  of  the  fuel,  the  conae- 
queneo  being"  that  a  portion  of  the  cam^tic  sodri  is  converted  into  carbonate  and  sulphite 
of  f^ada,  the  latter  by  the  gub80i|uent  calcining-  operation  beinj?  converted  into  snlpaate. 
By  the  second  plan  of  evaporation  the  heat  is  conveyed  to  the  bottom  of  tho  panB,  Uttt 
then  many  precautionB  are  required  to  prevent  tho  bottom  being-  burned  in  coniequeuoe  of 
tho  fiettling  down  of  a  tialino  mass  not  conducting  heat.  "ilr.  Oamblo,  at  St.  Helenfl» 
employs  a  pan  of  a  peculiar  form,  the  section  being  like  that  of  a  boot ;  it  i&  heat«d  by  the 
waateheat  of  the  Boda  furnace,  and  tho  inclination  of  the  sides  of  the  pan  greatly  nadgtm 
the  remoral  of  the  salt*  which,  ha\-ing  Ijeen  drained,  is  calcined,  yielding  a  grey-oolotircd 
salt,  afterwards  purified  by  solution  witli  the  aid  of  steam  in  a  small  quantity  of  water* 
decanting  tho  clear  solution,  and  again  evapomtrng  it.  RiilMon  obtains  a  purer  product 
by  washing  the  impure  carbonate  with  a  oold  saturated  fwjlution  of  pure  carbonate  of  soda, 
the  cldoride  and  aidphurct  of  sodium  and  tho  sulpha  to  being  thua  removed.  As  already 
staicnl,  tho  evaporation  m  not  always  continued  to  dryiieM.,  but  to  a  degree  of  concentra- 
tion detenninea  by  expcnenee.  By  Torying  the  relative  bulk  of  the  liquid  a  more  or  leas 
pure  product  mav  be  obtained;  when,  for  instance,  the  ley  of  the  Uxi nation  tankii 
(rx  1*286  *?p.  gT.)  fs  evaporated  to  fjths  of  its  bulk,  and  the  salt  separated  removed,  this 
salt  corresponds  to  a  purified  wxla  salt  of  57  per  cent. ;  by  evaporating  the  remaimng 
liquid  to  jths  of  ita  bulk,  a  salt  of  50  per  cent,  is  obtained.  lYlicu  the  mother-liquor  i» 
cyaporat^d  to  dryness,  a  very  caustic  and  impure  salt  ia  obtained.  Kuhlmanji,  at  UUe, 
employs  piukR  which  are  graduated  so  that  mt^  bulk  of  the  liquid  may  1>e  readily  naoor- 
tained  for  the  purpose  of  fraotioned  evaporation.  The  puriti»^ation  of  the  cnide  ley, 
cout^iining  sidphuret  of  iron  dissolved  by  sulphuret  of  sodium,  may  bo  effected, 
suggested  by  GoHSJim'^e,  in  1853,  by  filtering  the  liquid  tlirough  a  coke-tower  (one  of  t 
towers  used  for  coTid»Mi.Hing  hydFOchlorio  acid),  a  current  of  air  being  forcctl  upwards  t 
as«ist  in  oxiflising  the  sulpnuret  of  sodium. 

Tlie  com^iositiou  of  refined  soda,  according  to  Tissandler's  analyses,  is : — 


Motsturo 

InBolublo  matter. , 
Chloride  of  sodium    . . 
Sulphate  of  soda 
Caxbonate  of  soda     . . 


5»i 

0'22 
6-41 

3-25 
8701 


3- 

115 
o-oS 
3'28 

215 

92-34 


4- 
I  00 

2ft 

95'39 


5' 
040 
006 
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035 
9S20 
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Tlio  oompositioii  of  Boda,  containing  caustic  soda,  is : — 

I.  3. 


lOOOO        10000        10000        1 0000        lOO'OO 


MOtstUTS 

In.Hfjlublo  matter 
Chloride  of  sodium 
Bulplmte  of  soda 
Carhonate  of  soda 
Caustio  soda. 


2-10 
0-I2 

slo 

8247 
211 


2. 
1-50 

oil 

2*43 

162 

88*09 

625 


2*48 

0'2t 

215 

8454 
7*12 


4 

1-38 
0*09 
4*U 
2*50 

8r67 
10*35 


tOO'OO    100*00    lOO'OO    lOO'OO 


In  Older  to  obtain  eiyetaUieod  soda,  NftjC03  -f  loHiO,  with  63  per  cent,  of  wat 
B  soturated  solution  of  calcined  Po<la  in  hot  wat^T  is  pourcHl  into  large  iron  yessels, 
and  yields  er^'stuls  on  cooling.  Tho  calcined  fnala  is  gonorally  dissolved  in  conicul 
TOMeln  (Fig.  80),  made  of  boiler-pkto*    0  is  a  steam-pipe,  B  a  water-pipe,  T>  a  |kor- 
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foratcd  vessel  to  contain  the  calcined  soda  to  bo  diaaolred.  The  boiler  is  threo- 
foui'ths  filled  with  water,  the  perforated  vessel  filled  with  soda  is  thon  lowered  into 
the  iKjuid,  and  the  steam  turned  on.  The  soda  is  rapidly  dissolved,  and  when  the 
solution  murka  yfi  to  330  ^  j^  id  run  into  the  crystalli^ng  vessels ;  the  crystallisa- 
tion is  eomplet©  in  five  to  six  days  in  moderately  cool  weather.  The  crystals  are 
broken  up,  and  again  dissolved  in  water  in  the  vessel  a  (Fig.  81),  heated  by  the  fire 
ftt  c  D  I>  are  flues  carrying  fiame  and  heat(>d  air  round  the  vessel;  b  is  a  water-pipe. 
XheTes89l  having  been  filled  with  crystals,  a  small  quantity  of  water  is  added,  and 
aa  «xm  us  the  salt  is  completely  dissolved,  the  fire  is  extinguished,  the  liquid  being 
left  to  aetUe.  The  clear  liquid  is  next  syphoned  into  a  reservoir,  and  from  this  jjoured 

Fia.  80. 
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into  cast-iron  erystallising  ve.sad'-,  xU'tev  seven  ur  eight  d«iyt»  thy  uiuther-liquor  \a 
removed,  and  the  crystiils  are  dotuched  from  the  surface  of  the  iron  by  placing 
the  crystallising  vessels  for  a  few  moments  in  hot  water,  the  result  being  that  by  the 
incipient  fusion  of  the  crj^atals  in  their  water  of  crystidlisation,  they  are  loosened 
from  the  metal  to  which  they  adhere.  After,  draining  the  salt  is  dried  in  rooms 
heated  to  15'  to  i8%  and  then  packed  in  casks.  Although  a  crj-stalline  salt  is  gene- 
rally purer  than  a  non- crystallised  mass,  yet  the  largo  quantity  of  water  contained 
in  crystallised  carbonate  of  soda  is  an  impediment  to  its  extensive  use,  both  on 
account  of  expense  of  carriage  and  the  weakness  of  the  alkali.  In  this  country, 
however,  owing  to  the  great  facility  of  water  carriage,  crystallised  carbonate  of  soda 

^u  Tory  largely  used. 

TiiMfroif  i^tdBM'tPfoecM.  The  pr*:)ce8S  of  M.  Leblanc  has  been  best  elucidated  by  the 
recent  researches  of  Gossago  and  Schcvirer-Kestne ",  Formerly  it  was 
i  that  when  a  mixture  of  sulphate  of  Sf:nla,  carbonat©  of  lime,  and  carbon 
were  calcined,  the  carbon  while  yielding  carbonic  oxide  converted  the  sulphate  of 
Boda  into  sulphur et  of  sodiuin,  in  its  turn  decomposed  by  tbo  carbonate  of  Ume,  the 
rcfeult  being  the  formation  of  carbonate  of  soda,  oxysulphuret  of  calcium,  and  the 

P  evolution  of  a  portion  of  the  carbonic   acid;    (a)  Xa^St^      2C  =NajS -h  2C0i ; 
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(3)  2NajS  +  jCitCOa  =  iNa^COj  +  CaO.sCaS  +  CO^.  According  to  Vager  the  car^ 
bonate  of  lime  losej^  its  carbonic  acid  as  soon  as  siilpliuret  of  sodium  is  formeil, 
there  rGmainmg.a  mixtnro  of  caustic  lime,  sulphurct  of  sodium,  and  carbon,  which 
becomes  converted  intjo  oxj^sulphtivot  of  calcium,  and  canstic  ^da,  the  Latter  by 
taking  up  the  carbonic  oxide  resulting  from  the  combustion  of  tho  carbon  becoming 
sodiuin-carbonate ;  thia  view  appears  to  be  nearest  the  truth,  but  as  proved  by 
Schouror-Kestner,  Dubrunfaut,  J.  Kolb,  and  Th.  Feterseii»  it  is  not  necessary  to 
assume  the  exij^tenco  of  oxyaulphuret  of  calcnun  for  the  purpose  of  explaining  tho 
fact  that  the  sulphurct  of  calcium  doo^  not  act  upon  tho  sodium-carbonate,  because 
sulphurct  of  calcium  is  almost  insoluble  in  water,  125  parts  of  water  dissolving  at 
i2"6®  only  i  part  of  sulphuret  of  calcium.  This  view  is  al^o  confirmed  by  the 
results  of  experiments  made  by  Pelouze.  During  the  formation  of  soda  in  the  cal- 
*iining  furuace  the  carbon  is  only  converted  into  carbonic  acid,  viz, ; — 
fl.  5X8,804+ loC-sNflaS+ioCO,. 
^.  sXa^S  +  yCaCOa  =  sXa^COa  +  sCaS  +  sCaO  +  aCO^, 

However,  as  there  is  formed  during  the  calcination  process,  especially  towards  the 
rnd  of  this  operation,  a  not  inconsiderable  quantity  of  carbonic  oxide  which  bxims 
off  with  a  bluish  flame,  this  substance,  although  a  secondary  product,  has  to  be  taken 
into  account  in  tho  formula ;  moreover,  tho  formation  of  this  gas  is  important,  for 
as  soon  as  it  makes  it  appearance  the  chief  reaction  is  being  completed,  pro^ 
the  heat  to  be  at  its  proper  do;;rce. 

The  researches  of  linger  have  undoubtedly  proved  that  when  the  gulphat  * 
is  reduced  by  carbon  there  is  only  carbonic  acid  and  not  a  trace  of  carbonic  oxido 
formed,  so  that  carbonic  oxide  is  the  result  of  the  action  of  the  exc^s  of  carbon 
upon  tiie  carbonate  of  lime  ;  this  reduction  of  the  carbonate  of  lime  by  carbon  takes 
place  at  a  much  higher  temperature  than  that  at  which  the  sulphate  is  reduced, 
therefore  tho  formation  of  carbonic  oxide  takes  place  after  that  of  the  carbonate 
of  soda.  Consequently  there  must  be  distinguished  throe  phases  iu  the  formjition  of 
snla,  vii..  :— 

a.  The  reduction  of  tho  sulphate,  with  evolution  of  carbonic  acid  gas  — 
(Na,S04  +  20^  Na,S  +  zCO^). 

3.  Double  decomposition  of  the  newly  formed  sulphurct  of  sodium  and  earbonatt" 
of  Umo  (XozS  +  CaCOi  =  Xa,C03  +  CaS). 

-y.  The  reduction  of  the  excess  of  carbonate  of  lime  by  tho  carbon — 
(aCaCOj  +  2C  ^  2CaO  +  4CQ). 
During  the  lixiviation  tho  presence  of  caustic  lime  aids  the  formation  of  caustic 
soda.  According  to  theory,  100  parts  of  sulphate  only  require  20  of  carbon,  but  it 
i»  the  practice  to  employ  au  excess  of  c^irbon,  as  much  as  40  to  75  per  cent.,  to  pro- 
vide against  inoomplote  mixture,  the  combustion  of  earbon  without  etfect,  and 
because  of  the  necessity  of  obtaining  tho  reaction  of  tho  carbonic  oxide  in  onler 
that  the  progress  of  the  operation  imiy  l>e  observed,  as  experience  has  proved  tliat  tho 
mass  should  not  be  removed  from  the  furnace  until  this  combustion  is  nearly  over. 
vuuatioaorBodtWuM.  The  gre^itcr  part  of  the  soda  now  em]>loyed  is  obtained  by 
Leblanc's  process,  which,  while  it  admits  of  lixiviating  tho  eoda  readily  and  com- 
pletely, is  defective,  inasmuch  as  the  residue,  or  waj»te  as  it  is  technically  called, 
contains  nearly  all  tho  sulphur  used  in  the  manufacture  ;  and  that  this  is  not  a  »\i^% 
lus«8  may  bo  inferred  from  Op|tenheim*s  statement,  that  in  the  alkali  works  at  DiewD9, 
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Loiraine,  the  accumulated  waste  contains  an  amount  of  sulphur  valued  at  £150,000, 
For  every  ton  of  alkali  made  there  is  accumulated  i  J  tons  of  waste,  containing 
80  per  cent,  of  the  sulphur  used  in  the  manufacture ;  and  this  waste,  until  lately 
thrown  on  a  refuse  heap  in  some  fields  adjacent  to  the  works,  often  proved  a  nuisance 
in  hot  weather,  giving  rise  to  fumes  of  sulphuretted  hydrogen.  For  the  last  forty 
years  much  time  and  money  have  been  spent  in  trying  to  recover  the  sulphur, 
but  not  until  1863  was  any  attempt  successful.  Three  different  processes  are  now 
resorted  to,  viz. — Guckelber^r's,  modified  and  practised  by  Mond;  Schaffncr's  plan; 
and  the  process  invented  by  M.  P.  W.  Hofmann,  at  Dieuze.  Since  the  first  suc- 
cessful experiment  the  methods  have  boon  so  rapidly  improved  that,  at  the  Paris 
Exhibition  of  1867,  no  fewer  than  nine  samples  of  recovered  sulphur  were  sent  in. 
All  the  methods  mentioned  above  are  based  upon  the  same  principle — the  conversion 
of  the  insoluble  sulphurets  of  calcium  contained  in  the  waste  into  soluble  compounds 
by  the  aid  of  the  oxygen  of  the  atmosphere ;  the  lixiviation  of  the  oxidised  mass, 
and  precipitation  of  the  sulphur  contained  in  the  leys  by  a  strong  acid,  practically 
hydrochloric  acid. 

^'^^SSUtoJ'pKSii?*^  ^-  Schaffner's  plan  for  the  regeneration  of  sulphur  from  soda 
waste  involves  the  following  operations : — 

a.  Preparation  of  the  liquor  containing  sulphur 
i3.  Decomposition  of  the  liquor. 
y.  Preparation  of  the  sulphur. 

a.  The  soda  waste  is  submitted  to  a  process  of  oxidation  by  the  action  of  the  air, 
and  for  this  purpose  is  placed  in  large  heaps,  where  heating  takes  place,  together 
with  the  formation  of  polysulphurots  and  subsequently  hyposulphites.  After  a  few 
weeks  the  interior  of  the  heap  assumes  a  yellow -green  colour,  when  the  material 
is  ripe  for  lixiviation ;  the  heap  is  then  broken  up  into  large  lumps,  which  remain  for 
another  twenty-four  hours'  oxidation.  These  lumps  are  next  submitted  to  lixiviation 
with  cold  water,  and  a  concentrated  liquor  obtained.  After  this  process  follows 
another  oxidation,  effected  by  placing  the  lixiviated  residues  in  a  pit  dug  in  the  soil 
to  a  depth  of  i  metre,  and  situated  close  to  the  lixiviation  tanks;  by  this  burj'ingtho 
heat  generated  by  the  oxidation  suffers  less  dissipation  than  when  the  material  is  ex- 
posed on  all  sides  to  currents  of  air.  The  second  oxidation  proceeds  more  rapidly  than 
the  first  in  consequence  of  the  greater  porosity  of  the  mass,  so  that  besides  poly- 
solphurets  more  hyposulphites  are  formed.  Instead  of  effecting  the  second  oxida- 
tion by  burying,  the  waste  may  be  left  in  the  lixiviation  tanks,  and  the  oxidation 
accelerated  by  forcing  the  hot  gases  from  a  chimney  under  the  perforated  bottom  of 
the  tank ;  by  these  means  both  time  and  labour  may  be  saved,  the  oxidation  being 
complete  in  8  to  10  hours.  According  to  the  quality  of  the  alkali  waste,  this  process 
of  oxidation  may  be  repeated  three  to  four  times;  the  gases  accompanying  the  smoke 
of  burning  fuel  are  exceedingly  well  suited  for  effecting  the  decomposition  of 
the  sulphuret  of  calcium  in  such  a  manner  as  to  cause  the  formation  of  poly- 
sulphurets  and  hyposulphites.  The  liquors  resulting  from  the  first  lixiviation  con- 
tain chiefly  polysulphurots  and  hyposulphites ;  but  the  liquors  obtained  after  the 
second  and  third  oxidation  contain  essentially  h5T>osulphites ;  all  the  liquors  are  col- 
lofjted  in  one  reservoir. 

B.  The  decomposition  of  the  lixiviation  liquor  by  means  of  hydrochloric  acid  is 
carried  on  in  a  closed  apparatus  of  cast-iron  or  stone,  and  is  based  upon  the  fact  that, 


itK) 


CMEMICAL  TECHNOLOGY, 


hypoBulpHtes  whon  treated  with  lij'drocliloric  acid,  evolve  anlphiirous  acid  j 
Bulphiu'  Ix'ing  precipitated   (CaiO^  +  sHCl  yields  CaCli+SO:E  +  S+ IIjO), 
upon  the  reaction  exerted  by  Bulphurous  acid  upon  tho  polysulpLurot,  which,  wli 
sulphur  is  deposited,  ia  again  converted  into  hyposulphite  of  lime — 

(2CaSx  +  3SO2  =  aCaKo^  +  Sr). 
The  liquor  is  teefted  by  titration  to  det«rmiMe  the  quantity  of  polysulphnret  and  o£^ 
hyposulphites  contained,  and  o/ccording  to  the  result  tho  residue  is  more  or  ' 
oxidised. 

The  apparatiii  generally  employed  in  the  deooini>osition  ia  ahown  in  Fig.  82  ;  a  and  B 
are  the  vessels  to  contain  the  liquor ;  /  is  the  pipe  by  which  the  hquor  is  conveyed  tOJ 
A  or  n,  regrdated  by  a  piece  of  clastic?  tubing  enterinj^"  at  7  into  a»  or  7'  into  b,     t  and 
-tn;  earthenware  tubes  by  which  tho  hydrooldorio  acid  ia  mtrodneed.     c  and  d  are 

Fio,  S2, 
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tvibw,  #  i«  fitted  to  the  top  of  A,  and  has  a  longer  leg  dippiiipr  into  tJve  fluid  at  d  ;  the  reverse 
li  the  caae  for  d,  the  short  leg-  of  which  U  fitted  to  u,  wMle  the  li>nger  leg-  dips  into  the  j 
fluid  in  A.    The  trip,  a,  is  closed  when  the  gpases  fihoidd  enter  throagh  a  into  tho  fluidl 
contained  in  b,  but  the  tap,  b^  is  ah  Tit,  and  a  opened,  when  the  jaraaes  pasasinjg'  thron^h  d  «m  ' 
to  enter  the  fluid  contained  in  a.     The  excess  of  gas  ia  cjirried  off  by  the  tube  b.     As  soon 
as  the  decomjKiaitton  by  the  action  of  the  hydrochloric  acid  is  effected,  steam  H  injected 
tlmiug-h  the  valves,  v  r ,  to  ex|X'l  the  last  trooea  of  snlphuToua   actd  from  the  liquor,. 
Tho  liquor  and  finely  divided  hulpliur  fire  run  off  at  o  and  o*,  core  boLng  taken  to  let  tluij 
chloride  of  calcium  eohition  run  oft'  bj'  rcmoHng  tho  wooden  phi^,  p.  In  onler  to  a^ertaia 
whether  aU  the  suiphnroua  acid  i»  exfK'lh:^!,  the  wooden  taps,  A  h%  ore  oi>cnoil,  the  smeD 
of  the  gfts  being  a  suffioient  indication  of  its  prosenoe.    The  tHjifl,/  and/'',  are  employed 
u  test  oocka  to  aseertftin  tho  projarress  of  the  operation,  and  also  to  see  whether  the 
veMela  are  properly  filled  with  hquor. 

The  »uli>hur  obtained  by  thin  prooow  in  fine-miDodf  and  mixed  with  some  prypsun^  j 
chtefiy  due  to  tho  fiulphurio  aoid  ooatuned  in  t£e  hydroehlozio  acid.    The  gnlphur  ana  J 
chloride  of  calcium  liuuor  are  conducted  hj  the  ^out,  171  to  a  vosael  with  a  fahie  botton 
perforated  and  oovefrea  with  a  ftaimel  clotht  through  wldch  the  llqnor  paasea,  the  iolpl&ii 
being  ret&inod. 

y,  Tho  Bulphur  is  prepared  for  the  market  by  a  very  aimplo  process.  It  is  mixod 
with  suflS^ciont  water  to  constitute  a  pastf?,  which  is  put  into  a  cast-iron  vessel,  and 
steam  at  a  pressure  of  ij  atmospheres  admitted  to  melt  tho  sulphur,  tho  wat^tT 
taking  up  any  adhering  chloride  of  calciiitn  solution,  and  aUo  tho  g>*psum,  Th<| , 
molten  sulphur  collects  in  the  l>ottom  of  tho  vessel,  and  is  tupp^nl  oti'  into  moulds; 
the  suponiJitant  liquor  does  not  mix  with  the  sulphur  owing  t:>  the  groat'iT  spo<^o  \ 
weight  of  tho  lattc»r.  In  order  to  perfectly  satiinite  any  free  acid  which  mig:ht  still  be  1 
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pMMiit  some  milk  of  lime  ia  added ,  by  this  addition  anotlier  end  ia  gained,  viz., 
tii0  remoTal  of  any  arsenic,  in  tho  following  manner: — If  dtiring  tho  melting  prooes.i 
on  Gxoeaa  of  limo  bo  present,  sulpbiiret  of  ciilcium  ia  formed,  and  thin  eiilpliuret 
dissolves  any  gulpliuret  of  arsenic  wbich  is  thus  removed  to  the  supernatant  liquor. 
Tho  advantages  of  melting  and  purifying  tho  sulphur  by  the  ubovo  process  aro  — 
tho  sulphur  need  not  first  be  cart'full}*  washed  and  dried,  fuel  is  8uve<l,  tbe  sulphiu* 
freed  from  arsenic,  and  brought  to  tho  best  state  for  pouring  into  moulila.  Figs,  S3 
and  84  represent  tho  molting  vessel;  the  cast-iron  cylinder,  b,  ia  surrounded  by  a 
wrought-iron  cylinder,  A,  and  tho  whole  inclined  to  admit  of  the  uiolton  sulphm 

Fig.  %i. 
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collecting  at  the  lower  part  of  b.  The  sulphur  paste  is  being  stirred  by  an  apparatus 
in  gearing  at  K  with  somo  motive  power,  The  pasto  is  poured  into  B  at  m ;  at 
a  st**ftm  ia  introduced,  passing  at  0  into  the  inner  cylinder,  and  lot  off,  when  the 
melting  is  finisht^,  through  d  and  tho  valve,  v  ;  the  molten  sulphur  is  run  off  at  z ; 
»  is  a  safety  valve.  By  thi.s  process  50  to  Go  per  cent,  of  the  sulphur  contiiined  in 
the  soda  waste  is  recovered,  for  every  cwt,  recovered  2  to  2J  cwta.  of  hydrochloric 
acid  being  employed.  If  tiiis  acid  were  too  expensive,  the  residues  of  chlorino 
manufacture  might  be  used,  these  residues  consisting  mainly  of  chloride  of  manganese, 
free  hydrochloric  acid,  and  chloride  of  iron ;  the  first  step  would  then  bo  to  freo 
these  residues  from  tho  chloride  of  iron  by  means  of  the  lixiviatcil  soda  waste  added 
in  small  quantities  at  a  tiiue ;  sulphuretted  hydrogen  would  be  given  off,  and 
FejCIfi  reduced  to  FoCli,  tho  changed  colour  indicating  the  end  of  the  reaction. 
Tbe  dirty  groy-coloiired  sulphur  from  this  reaction  should  be  burnt  in  tho  pyrites 
or  sulphur-burning  furnace.  Tho  prepared  residue  would  now  be  fit  for  employment 
as  a  substitute  for  hydrochloric  acid.  Should,  however,  some  monosulphuret  of 
dcLum  be  present  in  the  soda  waste  liquor— not  a  very  likely  occurrence— some 

iSljdrochloric  add  must  bo  added  before  using  the  residues. 

[  jiMAT  MtHiodi  of  Among  the  many  methods  which  have  Iwen  proposed  for  the 
8fl4pta»M«r0odA,  preparation  of  soda  the  following  especially  deserve  notice.  Ac- 
OGrding  to  Kopp's  methotls  of  soda  manufact^m?  sulphate  of  soda,  oxide  of  irou, 
ftnd  carbon  ore  smelted  together  in  an  ordiiiarv  soda  furnace :— 
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The  crude  soda  absorbs  from  the  air  water,  oxygen,  and  carbonic  acid,  bocoming 
converted  into  carbonate  of  soda  and  an  insoluble  residue  of  eralphurot  of  iron 
containing  sodium,  Fe^NagS^ :— 

S^^'^'M,     yield     !|N^^- 

The  lixiviation  is  eflbcted  with  warm  water  at  30''  to  40°  ;  the  liqnora  yield  uJlor' 
twenty-four  to  twenty -eight  hours,  without  any  previous  concentnition,  a  hirg© 
crop  of  bcautifally  crystallised  aoda.  The  insoluble  residue  of  the  lixiviation  is  dried 
and  roasted  to  pix)duco  sulphurous  acid,  employed  in  the  manufacture  of  sulphuric 
acid,  used  in  its  turn  for  the  convorsion  of  common  salt  into  sulphate  of  soda.  Tlius 
the  cycle  of  changes  in  the  sulphur  is  complete  '.— 


(  2Fc,03 
yield        NajSO^ 


Fe4Na,S3  / 
14O  j 

The  sulphate  of  soda  present  in  the  calcined  residue  is  removed  by  liximtioD. 
It  cannot  bo  deniod  that  this  process  presents  certain  advantages, 

TMiwet  ConvcntoB  of      -^  plan  for  the  direct  conToraiou  of  common  salt  into  soda  hnsi  lon^ 
Canm^a^t        been  sought,  but  Kitherto  not  sucoe^iluUy  carried  into  practie^,     W hen 
^"^  a  oonoentriitcd  solution  of  blocjbotiato   of   nmmonla   i»  mixK>l    with 

vtroiiff  brine,  or*  better  still,  tho  pulvemed  bioarbonate  stirred  through  a  ootipontrutefi 
Wilntion  of  saltt  and  this  mixture  left  to  stand*  tho  result  will  \m  thnt  after  i^ome  hourst 
bioarbonate  of  soda  will  bo  deposited  in  cr^^Bt^dlino  state,  tho  supernatant  liqtiid  being-  a 
eolntioii  of  BBl-ammoniao.  As  bicurbonut^  of  soda  on  being  gradually  heated  to  rednc«s 
loses  a  portion  of  its  carbonio  acid,  and  is  converted  into  monocarbonate  of  soda,  t}u« 
process  hns  been  fnij?gested  as  suited  for  the  manufacturo  of  soda,  and  has  hm. 
tried  hy  Dyar  and  Ilemmmg^  in  England.  Sahkosing  and  RoUand  in  1S55  took  oat  a 
patent  for  mms  Improirements  on  this  method  of  soda  manufacture,  of  which  Uio  followia 
IS  an  outline :— Tiie  first  operation  consists  in  the  action  of  ammonia  and  > — *- — ' 
acid  upon  a  concentrated  salt  solution ;  to  100  parts  of  water  30  to  33  parts  of 
italt,  8^  to  10  of  ammonia,  and  carbonio  acid  in  excess  are  taken*  The  next  step  is 
Heparation  of  the  bicarbonate  of  soda,  which  is  effected  by  a  oentrifu^  madi] 
The  third  stage  is  the  calcination  of  the  bicarbonate  of  soda  in  cylindrical  iron  Tcmeli 
the  carbonic  acid  gas  given  off  being  ec^eeted.  The  fourth  and  fifth  operationn  aim  4 
the  recovery  of  tho  carbonio  acid  and  aimnoma  from  the  liquid  drained  from  the  bicai 
bonate  of  soda  while  in  the  centiifngal  machine.  Tho  liquid  is  heated  in  n  boiler,  th^ 
remdt  being  the  escape  of  the  ammonia  and  carbonic  acid,  which  are  conducted  io  a 
cyhnder  filled  with  coke,  through  which  a  oold  aqueous  Holution  of  corlionato  of  ni 
tnonia  trickles,  causing  the  oondensation  of  tho  ammonia,  tho  carlKimo  acid  c^apii 
into  a  gashohler.  Next,  milk  of  lime  is  added  to  the  liquid,  and  the  heating  bein^  001 
tinned,  all  the  ammonia  is  expelled.  Lastly,  the  clear  supernatant  liquid  m  evap^nited  1 
recover  the  common  salt.  Aeoording  to  Heeren's  researches  on  this  subject,  this  process*  i 
more  suited  for  tho  preparation  of  bicarbonate  of  soda ;  it  hi  stated,  however,  that  the 
rsiearchea  of  Marguerite  and  Sourdival  have  resulted  in  improvements  on  this  method 
which  may  in  futura  lead  to  its  being  advantageomdy  adopted  In  some  locjdlties  for  tha 
manufacturo  of  soda. 

RodAih>ai  crjuiife,       Cryolito  (AljFl6,6XaFl)  is  largely  employed  for  the  mann 
of  soda  by  decomposing  the  mineral  by  ignition  with  lime :— 

I  moh  of  Oiyolitel       •  u     /^  mols,  of  Fluoride  of  calcium, 
6  mob,  of  Lime    J     J*         \i  mol.  of  Aluminate  of  stida. 
This  last  coTnpound  being  soluble  hi  water  is  decomposed  by  carbonic  acid,  and 
alumina  procJpitatcd»  soda  rc^maining  in  solution,     100  kilos,  of  cryolite  yicdd — 
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Dry  caustic  soda      44    kilos. 

Calcined  soda 75       „ 

Crystallised  carbonate  of  soda      ..   203       ,, 

Bicarbonate  of  soda       ii9'5    » 

Bauxite  (see  under  Alumina),  on  ignition  with  sulphate  of  soda  and  carbonaceous 

matter,  yields  in  a  similar  manner  soda  and  alumina. 

sodA  ftoin  Nitrate       By  the  Conversion  of  nitrate  of  soda  into  nitrate  of  potassa  by  the  aid 
of  Soda.  qI  carbonate  of  potassa  (see  under  Saltpetre)  Dot  inconsiderable  quantities 

of  a  strong  solution  of   soda  are  obtained ;   the  sodium  of   the  sodium  nitrate  may  be 
converted  by  any  of  the  following  means  into  soda  or  caustic  soda  : — 

a.  By  igniting  nitrate  of  soda  with  carbonaceous  matter. 

b.  By  igniting  nitrate  of  soda  with  silica,  and  decomposing  the  silicate  of  sodium  by 

carbonic  acid. 
e.  By  igniting  nitrate  of  soda  with  manganese. 
d.  By  the  decomposition  of  nitrate  of  soda. 
a.  By  means  of  carbonate  of  potassa ;  or, 
3.  By  means  of  caustic  potassa. 
In  the  latter  case,  besides  nitrate  of  potassa,  caustic  soda  is  formed. 

Canitie  Soda.  This  substauco,  sodium  hydroxide  (NaHO),  is  mot  with  in  commerce 
as  a  highly  concentrated  solution,  or  more  frequently  as  a  solid  mass,  fused  hydrate 
of  soda,  consisting  in  100  parts  of  77*5  parts  of  soda  and  22*5  parts  water.  For 
many  years  a  moderately  strong  solution  of  caustic  soda  was  prepared  by  treating 
a  carbonate  of  soda  solution  with  caustic  lime,  but  Dalo  was  the  first  to  use  this 
solution  instead  of  water  in  his  boilers,  and  thus  concentrate  the  lyo  to  a  sp.  gr.  of 
1*24  to  1*25,  after  which  the  ley  was  further  evaporated  in  cast-iron  cauldrons  to  a 
sp.  gr.  of  1*9,  at  which  point  it  solidifies  on  cooling. 

Instead  of  using  caustic  lime,  caustic  soda  is  now  directly  produced  by  simply 
increasing  the  quantity  of  small  coal  added  to  the  mixture  of  sulphato  and  chalk, 
the  crude  soda  being  at  once  lixiviated  with  water  at  50*^.  After  the  liquor  has 
cleared,  it  is  rapidly  concentrated  to  1*5  sp.  gr.,  when  carbonate,  sulphate,  and 
chloride  of  sodium  are  deposited,  the  liquor  assuming  a  brick-red  colour,  due  to  a 
peculiar  compound  of  double  sulphuret  of  sodium  and  sulphurot  of  iron.  The  ley 
is  next  strongly  heated  in  large  cast-iron  cauldrons,  and  there  is  added  3  to  4  kilos. 
of  Chili-saltpetre  for  every  100  kilos,  of  caustic  soda  required;  by  this  operation  the 
nitrate  of  soda  reacts  upon  the  sulphuret  of  sodium  and  cyanide  of  sodium  present, 
causing  an  abundant  evolution  of  ammonia  and  nitrogen.  This  somewhat  com- 
plicated process  may  be  elucidated  by  either  of  the  two  follo\^'ing  formulco  : — 
a,  2NaaS  +  2NaN03  +  ^^MzO  =  2Na,S04  +  2NaH0  +  2Nn3. 
/3.  sNaaS  +  8NaN03  +  4II2O  =  sNa.SO^  +  SNaHO  +  8X. 

According  to  Pauli,  the  kind  of  reaction  depends  chiefly  on  the  temperature  of  the 
heated  ley ;  at  155*^  ammonia  is  largely  evolved ;  above  155°  and  with  greater  con- 
centration of  the  ley  nitrogen  is  given  off.  As  for  every  ton  of  caustic  soda  produced 
this  process  absorbs  075  to  i  cwt.  of  nitrate  of  soda,  the  ley  is  in  some  works  oxidised 
by  filtering  it  through  a  column  of  coke,  or  by  forcing  air  through  it  in  minute  jet?. 

K*tr  Method*  of  canstie  Among  these  is  the  decomposition  of  sulphate  of  soda  by  means  01 
Suda  ManttCtctare.  caustic  baryta,  a  rather  expensive  process,  baryta  white  or  permanent 
white  being  a  by-product.  Unger  uses  caustic  strontia  instead  of  caustic  baryta.  Caustic 
soda  may  be  prepared  by  treating  cryolite  for  sulphate  of  alumina  (see  Alum),  or  by 
igniting  nitrate  01  soda  with  manganese ;  or  by  decomposing  silico-fluoride  of  sodium 
or  fluoride  of  sodium  with  caustic  lune.  In  England  very  pure  caustic  soda  is  prepared 
from  sodium  by  carefully  oxidising  the  metal  with  pure  water  in  bright  iron  or  silver 
reoeU. 
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According  lo  Dalton*«  rosearch<»  :^ — 
A  caustic  soda  liquor  of  the 
undennentiMtii?d  sp,  gr, 
2'oo 
I-S5 
172 
1*63 

i'44 
1*40 
ri6 
v^z 

1-23 

ri8 
I -06 


Contttina  percentage  of  caustic 
soda  (NaHOO 
77-8 
636 
53* 
466 
41*2 
36-8 

54'o 
3^0 
29-0 
26-0 

230 

19*0 
i6'0 
13*0 

4*7 


Caufltio  BodA  iii  largely  used  m  soap-making-,  paraflki  and  petToleam  refiumg,  a 
preparation  of  liliciite  of  soda  and  arti£cial  stona  by  Eonsome  and  Slms's  method. 

Ukai'bonstaorsodA.  This  substance,  NaHCOj,  called  orronoously  carbonate  of  sodii 
Ld  many  of  the  London  ahopg^  consists  in  100  parts  of  36'g  soda,  1073  wator»  and 
5^37  carbonic  acid,  and  is  prepared  by  passing  a  current  of  washed  carbonic  acid 
gas  through  a  solution  of  carbonate  of  8oda»  K  tho  solution  ia  concc titrated  the 
bicarbonate  is  deposited  as  a  powder,  but  from  a  dilute  solution  large  crjstals  are 
obtained.  It  is,  howeTer,  more  advantageous  to  cause  the  carbonic  acid  to  act  upon 
cryataUisod  and  effloresced  carbonate  of  sodii ;  a  suitable  mixture  consists  of  1  part 
of  oiystallised  and  4  parts  of  effloresced  carbonate  of  soda.  Tho  sources  of  carbonic 
acid  may  differ,  but  in  this  country  the  gas  is  generally  prepared  by  the  action  of 
weak  hydrochloric  acid  upon  chalk  or  limestone;  of  course  tho  carbonic  acid  eTolved 
during  tho  fermentation  of  wort,  or  must,  may  bo  applied* 

"When  carbonic  acts  upon  crystallised  carbonate  of  soda  there  is  first  forme 
sesquicarbonate  of  soda ;  the  g  equivalents  of  water  which  are  displaced  from  \ 
ecjuivalent  of  crystallised  carlionate  of  soda  are  collected  in  a  reservoir,  and 
liquid  having  of  course  dissolve<l  a  portion  of  the  bicarbonate  is  employed  at  a 
future  operation  for  moistening  tho  crystallised  soda  carbonate.     Tho  bicarlxmato 
is  dried  at  40*'  in  a  current  of  carbonic  acid  gas.  The  preparation  of  tlio  bicarbonata^ 
by  withdrawing  from  tho  monocarbonato  by  the  nii  of  au  acid  one-half  of  the  s»3dA 
it  contains  has  been  suggested:   for  this  purpose  28^  ports  of  crystallised  sodic 
earbonato  are  dissolved  in  twice  their  weight  of  warm  water,  and  4/5  parts  o! 
sulphuric  acid  added,  cai-e  being  taken  not  to  move  the  vessel.     Being  left  to  stand 
for  several  days  tho  bicarbonate    is   deposited  in   crystals.      It  has  been   seen 
that  when  a  solution  of  common  salt  is  trontc<i  with  bicarbonate  of  ammonia,  tho 
result  is  the  formation  of  bicarbonate  of  soda  and  sal-ammoniac,  which  remains  in  j 
solution*     Bicarbonate  of  soda  crystallises  in  monoclinicaU  tabular  crystals ;  luis  a* 
weak  alkaline  reaction ;  loses  its  carbonic  acid  at  70**,  and  becomes  monocarbonato 
of  Boila;  and  by  exposure  to  dry  air  is  gradually  convertetl  into  sesqmcarbonate. 
The  bicarbonate  is  employed  generally  in  the  preparation  of  cfibiTescing  drinks,  and 
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with  hydrocliloric  or  phosphoric  acid  in  making  broad  without  fermentation.  Tho 
further  ujses  of  this  salt  are — tho  precipitation  of  the  alumina  from  sodium-  alumina  t« 
solutions*  for  tho  preparatiou  of  baths,  for  gilding  and  platinising,  and  for  piuifyin^ 
and  cleansing  silk  and  wool,  i  grm,  of  the  bicarbonato  yields,  when  completely 
docomjKMed  by  an  acid^  about  270  c.c.  of  carbonic  acid  gaa  =  0-52  grm,  by  weight. 
The  total  production  of  soda  in  Europe  amounted  in  1870  to  ii,850,cxx)  cwts^,  of 
which  Great  Britain  produced  6,a5o,cxx>  cwts. 

Prepakation  of  Iodixe  and  BnoMUfE. 
Pieitvukia oriodiDfl.  This  elemeoit  occurs  in  eea- water,  from  which  it  is  taken  up  by 
Tanons  sea-woods ;  fi-om  these  sea-weeds  iodine  is  deriyed  industrially.  Chili-salt- 
petre and  some  saline  springs  (for  instance,  the  Bulza^  Sadiem  Weimar)  contain 
iodine  in  C4>nsiderable  quantity.  Although  iodine  is  found  in  the  mineral  kingdom 
(for  instance,  in  the  iodide  of  leatl  and  phosphorites  of  Amberg,  Bararia,  and  Diez 
on  the  Lahn),  it  is  not  in  this  case  industrially  important*     The  chief  seat  of  iodine 

I  Manufacture  is  at  Glasgow,  where  thei*e  are  twelve  factories ;  there  are  two  iodino 
fiietorics  in  Ireland,  and  two  at  Brest,  in  France, 
pr^pATAfion  f^om  Kelp.  In  ordor  to  obtain  ii idine  from  sea- weeds,  tho  latter  are  Erst  con- 
verted into  kelp,  that  is  to  say,  they  aro  incinerated,  tho  product  broken  to  pieces 
and  lixiviated  with  water,  leaving  an  insoluble  residue  of  30  to  40  per  cent.,  and 
yielding  to  the  liquid  60  to  70  per  cunt,  ThU  solution,  having  a  sp.  gr,  of 
i*iS  to  1*20,  contains  chlorides,  sulphates,  and  carbonates  of  alkalies,  sulphurot 
of  potassium,  iodide  (jf  potassium,  and  hyposulphites  of  alkalies ;  by  evaporating 
and  cooling  the  liquor,  tho  sulphate  of  potassa  and  chlorides  of  potassium  and 
sodiam  are  removed.  To  tho  remaining  mother-liquor,  previously  poured  into 
^laUow  ojMsn  vessolst  dilute  sulphui'ic  acid  is  added,  tho  result  being,  that  while 

I A  strong  evolution  of  gases,  sulphuretted  hydrogen,  aud  cnrbonic  acid  takes  place, 
there  is  formed  a  thick  scum  and  a  deposit  of  sulphur  at  the  bottom  of  the  vessel  ; 
tho  sulphur  when  washed  and  dried  is  sold.  When  tho  evolution  of  ^c^  has 
completely  ceasetl,  more  sulphuric  acid  is  added,  and,  accortling  to  WoIUiston*s 
method,  the  required  quantity  of  manganese  ;  this  mLxture  is  poured  into  a  large 
leaden  distilling  apparatus,  c,  Fig.  85,    By  this  means  the  iodine  ia  set  free,  carried 

FiO.  85, 
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OTcr  in  tho  state  of  vapotir  to  tho  receiver?*,  B,  b',  B'\  and  condensed  as  a  solid 
crystalline  mass.  In  Paterson^s  large  iodine  works  at  Glasgow  this  operation  is 
carried  on  in  a  cast-irpn  hemispherical  vessel  of  1*3  metres  diameter,  the  cover 
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b<3iug  a  Iciiden  dome,  to  whicli  ore  fitted  two  earthenware  stillhoads,  coimected 
hf  means  of  porcelain  tubing  with  two  earthenware  receivers.  Fig.  S5,  each  con- 
sisting of  4  to  5  parts.  At  Cherbourg,  iodine  is  obtained,  according  to  BttiTuelV 
plan,  by  passing  chlormo  gas  into  the  mother -liquor ;  by  this  plan  the  iodine  ia 
80parated  from  the  iodide  of  magnesium,  the  latter  talking  up  chlorine  instead — ' 

(MgL+a  =  Mg€\-hU 
A  more  recent  method,  by  which  all  the  iodine  present  in  the  mother-liquor  is 
obtained,  oonsiet^  in  distilling  tlio  liquor  with  chloride  of  iron — 

(2NaI  +  Fo,CU  ^  2I  +  2NaCl  +  sFeCI,). 
As  iodine  ia  only  very  sligbtly  soluble  in  water,  i  part  of  io<line  requiring  5524  parts 
of  wattsr  at  10''  to  la^  for  ita  solution,  that  is,  i  grain  of  iodine  to  12  ounces  of  water, 
it  is  carried  over  with  the  stoaiii  and  deposited  at  the  bottom  of  the  receiver  in  tho 
form  of  a  black  powder.  When  iodine  is  prepared  by  the  aid  of  chhjrute,  tlio 
quantity  of  gas  should  l>e  exactly  sufBieient  to  decompose  tho  iodide  of  magnesium, 
for  if  tho  quantity  of  chlorine  be  too  small  no  iodine  is  separated,  and  if  too  large 
chloride  of  iodine  is  formed  and  free  bromine,  both  of  which  being  vohitile  escape. 
Tho  iodine  when  removed  from  the  receivers  is  drained  on  porous  bricks  or  tUes, 
and  dried  between  folds  of  blotting-paper.  It  need  hardly  be  said  that  the  iodine 
Fio.  86.  should  not  come  in  contact  with  a 

metallic  surfiiee.  The  iodine  thns 
obtained  has  to  bo  purified  by  sub- 
limation, an  operation  carried  on  in 
the  appumtus  represented  in  Fig.  86, 
consiisting  of  stoneware  retorts,  c  c, 
placed  in  the  sand-bath,  B,  heated 
ji?^  shown  in  tlio  wooilcut.  Each  of 
these  retoiis  is  filled  with  upwards 
I       B^gQ  I  of  40  lbs.  of  crude  iodine,  and  en- 

tiroly  surrounded  by  sand,  in  ordei 

to  prevent  the  sublimation  of  any 

"^^x^S^^l^^HI^P  io^lino  in  the  necks  of  the  retorts. 

These  are  tlion  connected  with  the 
iabeiTcr  or  condenser,  e  r,  in  which  the  crj^stallino  iodine  is  deposited,  tho  tubes, 
o  5,  a  5,  l>eing  for  the  pmivoso  of  carrying  oiSf  the  watery  vajiour.     i  ton  of  keln 
yields  on  an  nvr>r;ige  4*07  kilos,  of  iodine, 
MrtSSTw?''  _,      In  1862,  Mr.  Stanford  **ngisne**ted  that  the  »ca-we<?d3  i^hotdd  not 

frooiCajt-  'i  bo  calcinefl,  but  wmply  diistillLHl  with  superheated  etonm,  «u  na  to 

prevent  vfuartiivnion  of  the  imliiiH,  while  tho  tarry  and  gawouM  products  shotUd  be  icrpn^j 
rntely  utiliwfh    Tliin  Darboui»<^d  Bca-wped.  ivhin  quite  oold»  U  lixiviated  with  wat^r,  ^—^ 
the  Solution  treated  for  iLidine  and  chloriik*  of  jiutii.'iaittm  (see  p,  1 30),    The  voliitik  ] 
duL't^  of   tliQ  diMtillntiun  are   iUuminntiiig  jras,    aortic  «cfd,   aminonia,   mineral  oil, 
jifiraffin.     M,  Muriilr,  of  NAnte*,  has  mi^Hlilif-d  this  pn^ces** :  he  x^r^pare-f  by  er«pnrfftmg 
the   liqaor  from   tlio  lixiFintioii  of  the  oarboniM^d  isca-woed,   Hulphatp  and   1 
potmiaitmi,  &c.    The  mother-hquor  is  trcuted  with  clduriue  or  hj^jonitric  ari.  i 
with  bcnzlae,  in  an  apparatus  !>o  arrangf^l  that  the  iKn^iiio  directly  frivcss  up  tli.    -  -.iiu.    m 
hiM  diseiolYod  to  f*o(ifi  or  potawMa.  tho  binirinc  thiia  acting-  as  a  continuous  sfilvcnt.     The 
liqnor ooataining  iodino  h  trtate*!  for  tht^  tieparation  of  iodine  in  tlie  nsual  mimnor. 
Pfvptnittoti  of  imttn*  frum      Cmdt*  Oiili-wiUpt'tre   contains  on   an  avemg©    0059   to   0-175 
ChUi  Stt]ipctn».  per  ccirt.  of  imline.     According'  to  Nbllner,  the  iodine  occnm  from 

t}ie  fonnation  of  the  Chili-saltpetre  in  tho  preftonoe  of  drconng-  sea-wfedn  fn>m  shalloww. 
stagnant^ inland  lea*,  vhich  have  drieil  up.    The  mt'tlur-liquors,  k^ft  afttT  tlie  rctiiu&i 
of  the  salt,  or  from  its  nse  for  the  conversion  of  cldoride  of   potassium  into  nitrate  oi 
potaMft,  and  containing  o-2S  to  o  36  per  o<mt.  of  iodine,  are  treated  with   ^dphurons 
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•idd  nntil  the  iodine  separated  begins  to  re-dissolve.  More  recently  nitrons  acid  has 
been  nsed  instead  of  sulphurous  acid.  The  iodine  thus  obtained  is  refined  by  sublima- 
tion, while  that  remaining  in  the  residual  saline  matter  is  removed  by  a  further  treat- 
ment witii  chlorine. 

propertiM  and  utMof  Iodine.  lodino  (I  =  127  ;  Sp.  ^»  =  4*94)  is  a  black-gToy  coloured 
crystalline  substance,  with  a  metallic  appearanco  not  unlike  graphite.  On  being 
h^ted  iodine  is  converted  into  vapours,  which,  according  to  Stas,  when  concentrated 
exhibit  a  blue  colour,  and  a  violet  in  a  more  dilute  state.  lodino  fuses  at  115**, 
and  boils  above  200*.  It  is  somewhat  soluble  in  water,  readily  so  in  alcohol, 
c^hcr,  hydriodic  acid,  iodide  of  potassium  solution,  sulphide  of  carbon,  chloroform, 
benzol,  aqueous  solution  of  sulphurous  acid,  and  solution  of  hyposulphite  of  soda. 
A  solution  of  iodine  imparts  a  violet  colour  to  starch.  Adulteration  of  iodine 
with  cither  pulverised  charcoal  or  graphite  may  be  at  once  detected  by  treating  a 
sample  with  alcohol  or  a  solution  of  hyposulphite  of  soda,  in  each  of  which  the 
iodine,  if  pure,  ought  to  dissolve  completely,  leaving  no  residue  on  sublimation. 
Sometimes  the  weight  of  iodine  is  fraudulently  increased  by  the  addition  of  water. 
Iodine  is  largely  used  in  photography  combined  as  iodide  of  potassium ;  for  the 
preparation  of  other  iodine  compounds,  for  instance,  iodide  of  mercury ;  also  in  the 
preparation  of  some  of  the  tar  colours,  iodine  violet,  iodine  grc^,  and  cyanino  blue, 
the  latter  a  compound  from  iodine  and  lepidin,  a  volatile  base.  The  total  produc- 
tion of  iodine  in  Europe  and  Chili  amounted  in  1869  to  3453  cwts.,  more  than  half, 
or  1829  cwts.,  being  produced  in  Scotland  and  Ireland. 

FcepantUonof  Eromine.  The  element  kuown  as  bromine  occurs  to  a  small  extent  in  sea- 
water,  a  litre  containing  o'o6i  grms.  bromine.  The  mother-liquors,  however,  of 
many  salt  works  (for  instance,  those  at  Schonebeck,  near  Magdeburg,  and  the 
liquors  left  from  many  of  the  Stassfurt  salts)  are  so  rich  in  bromine,  that  its  pre- 
paration is  worth  the  cost  and  trouble.  In  order  to  avoid  as  much  as  possible  the 
admixture  of  chlorine,  there  is  added  to  the  mother-liquor  dilute  sulphuric  acid ; 
this  mixture  is  heated  to  120",  and  the  hydrochloric  acid  set  free  by  the  sulphuric 
acid  evolved,  while  the  less  volatile  hydrobromic  acid  is  left  in  the  liquor,  from 
which,  on  cooling,  sulphates  are  deposited.  The  decanted  liquor  is  distilled  after  the 
addition  of  more  sulphuric  acid  and  some  manganese.  Two  Woulfe's  bottles  serve 
as  receivers;  in  the  first  are  condensed  water,  bromine,  bromoform,  and  bromide  of 
carbon,  while  any  bromine  vapours  which  pass  over  to  the  second  bottle  are  absorbed 
in  the  caustic  soda  it  contains.  The  ley  contained  in  this  vessel  is  evaporated  to 
dryness,  the  residue  ignited  in  order  to  convert  bromate  of  soda  into  bromide  of 
sodium  ;  the  saline  mass  being  then  mixed  with  sulphuric  acid  and  manganese  and 
distilled,  yields  pure  bn)mino,  best  preserved  under  strong  sulphuric  acid. 

According  to  Leisler's  patent  (1866)  bromine  ia  separated  from  the  mother-liquor  left  by 
operations  with  kainite,  or  camallite,  or  from  the  water  of  the  Dead  Sea  ((jontaining, 
according  to  Lartet's  analvHis,  in  i  htro,  taken  from  a  depth  of  300  metres,  7*093 
grms.  ==  0-7  per  cent,  of  bromine)  by  adding  bichromate  of  potassa  and  an  acid;  heat 
being  applied,  the  bromine  is  Tolatilisecl  and  collected  in  a  condenser  tilled  with  metallic 
iron.  From  the  bromide  of  iron  thus  formed,  either  tlie  element  itself  or  any  of  its  com- 
pounds may  be  obtained.  Tlic  apparatus  employed  by  this  patentee  is  a  distillingp  ap- 
paratus ;  the  acid  is  hydrochloric  diluted  with  four  times  its  bulk  of  water ;  to  100  parts 
by  bulk  of  the  bromine  fluid,  i  part  by  bulk  of  aeid  is  added.  Tlie  bioliroinate  is  added 
in  a  saturated  aqueous  solution.  The  bromide  of  iron  formed  becomes  dissolved  by  the 
aqueous  vapour,  and  condensed  in  the  receiver.  Bromine  is  the  only  met^iUoid  fluid  at 
ordinary  temperature.  »Seen  in  thick  layers  its  colour  is  a  deep  broi^-n-red,  but  in  thin 
layers  a  hyacinth-red;  its  odour  is  strong  and  similar  to  that  of  chlorine  gas.  Tlie 
aqueous  solution  of  bromine — i  part  requiring  30  parts  of  water  for  its  solution — is  of  a 
yellow-red  colour  when  freshly  made,  but  like  chlorine-water  does  not  keep  well,  and  i^  - 
11 
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soon  convened,  (>epeciaBy  if  exposed  to  light,  into  a  colom'leai  Bolutum  of  weak  Ij^'^ro- 
bromic  acid.  loo  parta  of  bromine  water  contain  tit  15*,  y2ih  paita  of  bromine  ;  browiine 
fomts  with  water  a  solid  hydrate  ttt  o".  It  i»  readily  aolubl©  in  ether,  alcohol,  chlorofonn. 
and  hydrobromio  acid.  It  yields  with  an  aquooua  solution  of  Bulphiirouu  iidd  hydro- 
bromio  acid — 

Bronune  boils  at  63*,  giving  off  deep  refl  vapourn ;  at  —7*5^  it  bec*.imPH  a  Icad-gwy 
coloured,  foliated,  frmphite-liko  mass.  Bromine  aot«  upon  coloimng:  mattent,  dyea,  and 
the  colours  of  flowere  wa  doe^  chlorinef  while  oi^^anio  matters,  especially  thofie  of  ftT^im^l 
origrin,  are  coloured  brtiim.  It  is  used  in  combination  as  bromides  of  potassium,  ammo- 
nium, cadmiurat  niid  hj'ptibrcunite  of  potassn,  for  photogTapbic  puqx>se8  and  in  modicino- ; 
and  further  as  bromides  wf  ethyl,  amyl,  and  methyl,  for  tbo  preparation  of  some  of  the  tar 
eoloura,  Holnianii*a  blue,  and  tho  preparation  of  alizarine  from  anttimcen.  Bromine  is 
also  used  as  a  disinfectant,  and,  uncording  to  Reich ardt,  may  with  a<lvantjige  be  sub- 
stituted for  chlorine  in  the  prtipamtion  of  femcyanide  of  potassium.  Since  the  ^tar 
1866  bromine  haa  been  mtitiiifaoturtd  at  StasMfurt,  now  the  chief  bromine-producing^ 
locality.  The  total  annual  production  of  bromiiie  in  Europe  and  America  amounts 
to  1150  cwts.,  of  w]uch  4C10  cwts.  are  obtained  at  Stassfurt,  and  300  cwta.  in  Scot- 
land. 


Sulphur. 

suitKtkiu.  In  combination  with  coaLs^  rock-salt,  and  iron,  anlphtir  is  the  mainstay  of 
present  industrial  chemistry.  It  is  often  found  native  between  gypsum,  cloy,  and 
marl  in  tertiary  deposits,  more  rarely  in  veins  between  crj'stiillinc  rocks  of  the 
schiatoso  and  metAmorphic  varieties,  and  not  unfre<iuently  in  coal  and  lignito 
deposits*  Sulphur  is  an  almost  otmstant  profluet  of  active  volcanoes » boui^  tfubltmed 
and  deposited  on  surrounding  objects.  Tho  largest  suljjhur  deposits  in  Europe  aro 
met  with  in  Sicily.  It  is  alao  found  in  Egypt  on  tho  banks  of  tho  Bed  Sea.  i^^i^it^ 
daily  near  Suez;  at  Corfu,  one  of  tho  Ionian  labindB ;  near  the  Clear  or  Borax  Lakt? 
in  California ;  on  the  slopes  of  the  Popocatepetl,  in  the  province  of  Puebla,  Mexico, 
where  yearly  aooo  cwt^.  of  sulphur  are  collected.  Frequently,  sulphur  is  deposited 
from  the  sulphuretted  waters  of  mineral  springs ;  for  instiince,  the  waters  of  Aix- 
la-Chapollc,  Sulphur  occurs  in  combination  with  metaln,  o^  in  fron  pyrites,  Pe8„ 
with  53*3  per  cent,  of  sulphur ;  this  mineral  often  contains  thallium.  The  quantity 
of  sulphur  contained  in  the  foUoTsnng  minerals  is,  from  100  parts : — Iron  pyrites 
(F^,),  53'5;  copper  pyrites  (Fe,Cu,8c)^  34*9;  magnetic  iron  pyritos,  mundic 
(ForSg,  or,  accortling  to  Th.  Petersen,  FeS),  39*5  ;  galena  (PbS),  13-45  J  black-jack 
(ZnS),  33*0 ;  kxeserito  (MgSO* -^- 11^0),  23-5;  anhj^drito  (CaSOJ,  23*5;  gypsum 
(CaS04  +  zHjO),  iS'6 ;  gas  coal,  1*0.  According  to  Dr,  Wagner,  tlie  quantity  of 
sulphur  present  in  the  coals  used  in  the  London  gasworks  annually,  amofiTifH  f., 
ioojooo  cwts.,  equal  to  612,500  cwts.  of  sulphuric  acid. 

Although  sulphtir  occurs  native  as  sulphuretted  hydrogen  and  sulphurous  ii«'iti, 
Oij)ecially  near  active  volcanoe.^,  this  is  uot  of  much  industrial  use.  The  regenera- 
tion of  sulphur  from  so<la- waste  is  decidedly  one  of  tho  most  important  items  in  tlio 
gulphur  industry. 

***"^Kliphtv.^*'*'^"'  According  to  the  comparative  richness  of  the  raw  material,  the 
fttl^ur  is  separatdl  from  its  concomitfint  impurities  by  melting  or  by  distillation, 
Wlien  the  raw  mab^rial  is  rather  rich  it  is  simply  submitted  to  a  process  of  meltini^ 
in  a  cast-iron  cauldron,  D  (Fig*  87),  heated  by  a  gentle  coal  or  charcoal  fire  placed 
in  A.  During  the  melting  the  mass  is  stirred  with  an  iron  rod,  and  as  soon  as  the 
sulphur  has  become  quite  fluid,  tho  gangue  and  small  stones  are  removc*d  by  me 
of  tho  ladle,  c.  This  done,  the  sulphur  is  poured  into  a  wooden  or  sheet- iron  vc 
D,  thoroughly  wetted  with  water  to  prevent  tho  adhesion  of  the  sulphur  to  1 
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sides.  The  sulphur  when  oold  and  solid  is  broken  into  large  lumps  and  packed  ir 
»  CAaks  ready  ibr  tho  market  The  stones  and  gangue  are  plnood  in  heaps,  or  more 
Iccwumonly  introdueud  into  a  sliafl  furaace  (Fig,  88),  and,  a  ixirtion  of  the  8iili»hui 
rWng  sacrificod  to  servo  as  fucl»  the  greater  port  of  the  element  is  eliminated  by  tho 
'  IbUowing  plan  :—A  small  jKirtlon  of  the  crude  sulphur  is  igrnit^d  in  the  lower  part  ol 

the  fumaco»  and  the  shaft,  E»  filled  with  large  lumps  of  the  earthy  sulphur  ore,  fit»m 

F111.SS. 
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rhich,  rapidly  ignited   superficially,  the  molten  sulphur  trickles  down.     The 

L-openings,  ///,  give  access  to  the  air  required  for  the  eoDibuation  of  a  poi-tion  of  the 

Jphur*     The  sulphur  collects  in  the  lower  part  of  the  furnace  and  is  tapp*.**!  titf 

'  the  channel  fj  into  wooden  or  sheet-iron  vessels.     A  far  better  method  of  pre- 

•  sulphur  from  the  ore  is  by  distillation » the  apparatus  being  that  exhibitod  in 

Fig.  89.    A  is  a  cast-iron  cauldron,  which  is  filled  with  raw  material,  and  covered 

Fio.  89. 


with  a  tightly-fitting  iron  lid.  The  flues  are  so  constructed  us  to  heat  the  vessel  D 
isrently.  The  vapours  of  sulphur  are  carried  by  the  tube  w  into  the  condenser,  B, 
whence  the  molten  sulphur  runs  off  into  the  vessel  k*  The  previously  wormed  ore  is 
nKwiily  admitUHi  to  a  by  lifting  the  damper,  /1,  From  a  sufirg'-^stion  made  by  E.  and 
P.  Thama^,  sulphur  is  obtained  firtm  its  ores  by  the  application  of  superheateil 
stejim  at  130",  this  mode  of  working  being  the  same  as  that  employed  by  il.  Schaflner 
for  purifying  the  sulphur  recovered  £rom  soda-waste.  In  passing,  it  may  be  men- 
ttonod  that  very  recently  the  extraction  of  sulphur  from  its  oros  has  been  attempted 
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by  the  jda  of  Rolronta,  vi^s. ,  sulpliide  of  carbon  and  a  liglit  coal-tar  oil  of  sp.  gr.  ^  0*88. 
Ikl,  Mt'ne's  oualysoA  of  seTerol  samples  of  crude  Siciliim  sulpliur  obtaiaed  by  smeltiii|{^ 

r.  2.  3.  4,  5. 

Sulphur  (polublc  in  CSj    . .     . .     go*l        96*2        91*3        r 00        Sb'j 
Carbonnceoiis  mattc-r . ,      ,,      ,,       f*o  0*5  07  ri  ro 

Sidpbnr  (itiHolubl©  in  CSJ        ..20  —  1*5  3*1  17 

SiIieoou«  ttaud      ,.      , 2*3  15  3*3  2'S  55 

Limciftone  (8ometiine«  ixtdeatin)        4'!  t*S  2*5  3*0  2^^ 

LoM       o'$  —  07  ro  03 

The  bottom  portion  nf  the  blocks  of  crude  eulpbiir  often  contains  25  per  cent,  of 
foreign  Bubstanc^»s.  Tho  crude  sulphur  is  refined  in  order  to  eliminato  all  tracea 
of  eortby  matt^T ;  and  oftor  this  process  it  is  brought  into  commerce  in  sticks  01  ^ 
rolls  or  in  powder, 

^LAmT'ifieBDihjt  Appwaittfe,  Tho  apparatus  for  refining  sulphur,  iuTcnt^'d  by  Michel  an^ij 
improved  by  Lamyi  at  Mareoilles,  consists  mainly  of  two  caet-iron  cylinders,  B* 
(Fig.  90),  used  OB  retorts,  and  a  large  brick- work  condensing-room,  o.  Tho  cjlinder  n 
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m  communication  with  tho  vaulted  room  G.  At  the  bottom  of  this  room  is  placed 
a  cast-iron  plate  in  which  a  hole  is  bored,  and  fitted  with  a  conical  plug,  j,  con- 
nected with  a  rod,  n,  so  as  to  admit  of  b^ing  shut  and  opened  for  tho  purpose  of 
tapping  sulphur  into  the  cauldron,  L,  whence  it  is  ladled  oyer  into  the  moulds 
placed  in  M.     x  is  a  box  for  the  roll  sulphur  when  it  has  become  cold. 

jiou  Sulphur.  If  it  is  intended  to  prepare  roll-sulphur,  the  mode  of  proceeding  is  tho 
following: — ^Each  of  the  cylinders  is  filled  with  crude  sulphur,  the  lids  firmly 
^listened,  and  the  joints  luted.  Ilcat  is  at  first  applied  to  only  one  of  the  cylinders, 
and  not  until  half  of  its  contents  are  distilled  oflf  is  the  second  cylinder  hcat<>d. 
Gradually  the  heat  at  D  increases  to  such  an  extent  as  to  melt  tho  crude  sulphur ;  by 
this  fusion  the  heavier  earthy  impurities  settle  down,  while  any  moisture  present  is 
driven  off.  "When  the  distillation  of  the  contents  of  the  cylinder  first  heated  is 
finished,  that  cylinder  is  filled  with  liquid  sulphur  from  D  by  means  of  the  tube  F. 
The  quantity  of  sulphur  treated  in  twenty-four  hours  pelds  1800  kilos,  pure  material 
collected  in  G.  The  temperatm-o  of  this  room  being  112°,  tho  sulphur  is  there  kept 
in  a  molten  state,  and  as  soon  as  a  sufficient  quantity  has  collected  at  the  bottom,  it 
i«  tapped  off  into  L,  and  cast  in  tho  moulds.  When  it  is  desired  to  prepare  flowers 
Tiowcn  of  Sulphur,  of  sulphur,  tho  modo  of  operation  is  tho  same,  but  the  temperature  of 
o  should  be  kept  at  or  rather  below  110°.  This  is  effected  by  making  the  distillation 
interrupted  instead  of  continuous,  so  that  in  twenty-four  hours  there  are  only  two 
ilistiUations  of  150  kilos,  each.  As  soon  as  a  sufficient  quantity  of  flowers  of  sulphur 
has  been  condensed  in  the  room  o,  the  door  of  the  room  is  opened  and  the  sulphur 
removed. 

Bujardin  improved  upon  this  apparatus  in  1854.  By  this  process  of  distillation 
of  sulphur  a  loss  of  11  to  20  per  cent;  is  incurred,  partly  due  to  combustion  of  a 
portion  of  the  sulphur.  Tho  residue  left  in  tho  cylinders  and  vessel  D  is  known  as 
sulphur-slag.  The  ordinary  flowers  of  sulphur  of  commerce  always  contain  some 
sulphuric  and  sulphurous  acids,  which  can  be  removed  by  carefully  washing  with 
water.  Sulphur  so  treated  and  gently  dried  is  known  in  pharmacy  as  washed  flowers 
of  sulphur,  F  lores  sulphur  is  loti, 

**"'*ta!i^Jri?M.^*'"'  Where  fuel  and  labour  are  cheap,  and  a  good  quality  of  iron  or 
other  pyrites  is  found  in  abundance,  sulphur  may  bo  prepared  by  the  following 
process: — 

I.  From  iron  p}Titos,  FeS2.  As  this  mineral  consists  in  100  parts  of  467  of  iron 
and  53*3  of  sulphur,  it  is  clear  that  if  half  of  the  latter  be  removed  by  distillation. 
there  will  be  left  a  compound  of  iron  and  sulphur  yielding  green  copperas  after 
oxidation.  Accordingly  iron  pyrites  might  by  distillation  lose  26*65  parts  of  sulphur, 
and  tho  residue  still  be  fit  for  making  green  copperas ;  but  if  this  quantity  were  to  be 
driven  off  in  practice,  the  temperature  would  require  to  be  raised  so  high  as  to  melt 
the  remaining  monosulphuret  and  lead  to  the  destruction  of  the  fire-clay  cylinders. 
The  quantity  of  sulphur  actually  distilled  off  on  the  large  scale  is  only  13  to  14  per 
cent.,  leaving  a  pulverulent  residue  which  does  not  attack  the  fire-clay  cylinders. 

The  process  thus  briefly  outlined  is  carried  on  in  tho  following  manner : — The  pyrites 
18  put  into  conical  fire-clay  vegttels,  a  a.  Fig.  91,  placed  in  a  somewhat  slanting  position  in 
the  furnace ;  the  lower  and  narrower  portion  of  those  vessels  iH  fitttnl  witli  a  perforate<l 
diaphragm  preventing  any  pyrites  falling  down  A,  wliilo  tho  volatilised  or  fluid  sulphur 
can  pass  readily  through  the  holes  into  a  receiver,  c,  fille<l  with  water.  After  the  vessels 
A  A  have  been  filled  with  pyrites,  tho  fire  is  kindled  and  tho  distillation  set  in  progress. 
Tho  sulphur  collected  in  the  receiver  has  a  grey-green  colour,  and  is  purified  by  being 
re-melted,  after  which  it  is  sent  into  the  market  in  coarsely  broken  up  lumps.    In  order  to 
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froe  this  land  of  mlphur  from  sulphuret  of  fti^cnic^  it  i»  submitted  to  distillation, 
residue  bfing  ut»ed  Id  TOterinary  practice.     Hit*  dark  colour  of  the  snlphiiT  ob 
from  pyrites  i«  due  to  an  adniixtuTd  of  thnlliQai  fur  niore  than  to  the  presence 

arsenio,     Mr.  W,  Crookos  found  in 
Fia.  9r.  Siiiphur  obtuiuod  from  Spamah  pyrites  I 

^^-  ^     -    =L<^  much  as  029  per  cent,  of  thallium. 

Prrp&rKtionot  ¥^utphurt<7      2.    Sulphur  may  be 

Ho<i«i  iti$  ooppcj  Pyrt te*.  obtained  by  the  i 
ing  of  copper  pyritoa,  and  in  thia 
becomes  a  by-produnt  of  fmelting*  i 
OKM,  Formerly  this  operation  was  c 
on  in  ijeouliarly  conatrucied  fuma^^et 
the  (50pi>or-smelting-  works  of  the  Ix>wer 
Hart^r  Gcmiany ;  at  the  present  time 
iiulphur  frrjm  this  source  is  only  obtainedj 
&t  Ajrordo  in  Italy,  Wicklow  in  Irel 
and  at  MublJiaeh,  ^akbiug,  AiiBtria. 
fiviphur  obtain (>d  u«  -i,  Sinco  Laniinir*a 
w»nui»cture.  mixturo  has  been  em- 
ployed in  purifying  coal-§ra«f  gnlplhtir  1 
to  some  extent  been  obtained  aa  a  bjr 
product.  Laming*8  mixture  la  hydrat 
-*:  ^ ,,  J  ^  —^  or  any  soft  poroun  |>eruxidc  of  f 

j^r^-Mw—jt^  ^nth  Hawduf^t ;  and  in  this  mixture  anlphu 

L*>Cb(^H|        1  ,  iruiy  accumulate  to  upwards  of  40  jwrcoit. 

(Fi\Oj  +  HS=2FeO  +  H,0  +  S).    Ao. 
romlinif  to  HilVa  patent  the  Hiilphurct 
in:»n  is  culcinc^i  to  obtain  sulphurous  arid 
which  h  employod  in  the  preparation 
sulphuric  acid. 

HuJpiiur  from  scdA  Waste.  4.  We  have  alreadjf 
seen,  while  trcatingof  the  manufactnro  < 
Boda  {iidf  p.    1 85)  that  eereral  pr 
due  to  MM.  SchotftierpGuckelbergerjHond,  ^ 
r.  W,  Hofmann,  and  others,  are  in  use  for  the  regr^neration  of  sulphur  from  soda  waste ; 
and  that  the  qnantiticfi  recovered  are  not  small  may  be  inferred  from  the  fact  that  the 
Autftrian  Association  for  chemical  and  metallurgical  producta,  tmder  the  management  of 
M.  Sctuiffiier,  at  Au«*ig,  produces  nnnually  450,000  kilos,  of  tJidphur  in  this  manner. 

J?jjjj*5°"2[  J'^jj*"'^         5-  Bnnias  first  made  the  ohflervation  that  when  one-third  of 
nTdmgvn  u^B  siiipMiiw  Arid,  iulphuiettod  hydrogen  U  bumed  0%  and  the  fmljjhurous  udd 
produced  conveyed  with  another  one-third  of  sulphuretted  hydrogen  into  a  leiideii  or  brick 
chamber,  where  moisture  abounds,  nearly  all  the  sulphur  m  reirinerated  : — 
S^ulphumns  acid,  SO,  )      •  h    *  ?^ulphur,  38. 

Sulphurtftted  hydrogen,  2H^S  S   ^         \  WiiUit,  iiifi. 
By  this  reactioni  by  wliich,  however,  nearly  half  the  Biilphnr  is  lost  in  the  formation  of 

Ctathionio  acid,  it  has  been  frequently  atteniptc^l  to  obtidn  std^ihur  from 
Ty  spar,  and  soda  waste.  The  process  is  briefly  u*»  fallows  : — For  m»tanc<*,  heavy  1  _ 
native  sulphate  ol  baryta,  is  reduced  to  f§ulphurct  of  barium,  which  is  treated  -^ith  hy3 
I'hlc  "io  acid»  sulphuretted  hydrogen  and  chloride  of  barium  of  course  being  formi? 
Either  a  portion  ol  the  gas  is' burnt  and  to  the  priTKluets  of  the  combustion^  sulphuroua  acil 
and  wnter,  the  rest  of  the  gas  added,  or  the  HufphuretttMl  bydrog«.'n  is  conveyed  intoj" 
to  which  sulphurous  acid  is  simnltanGonfily  conveyed  from  the  combustion  or  roast' 
iron  pyrites.  Mr.  Gossijge  long  since  proved  that,  by  conveying  sulphuretted  hydro^^ls 
chlnndo  of  iron,  the  sidpliur  of  the  gas  is  deposited.  Sulphur  may  be  obtAined  1 
u  similar  reaction  a^  11  by-produet  of  the  manufacture  of  imlino  and  potassa  salts  fit 
kelp.  At  Paterson's  io«liue  factory  at  Glasgow,  2000  cwts.  of  tnis  sulphur  are  obtained 
nnnually.  According  to  E,  Kopp  the  incomplete  combustion  of  sulphuretted  hydf^OgCU 
yields  sidphur  economically  (11^8  +  O  =:  H^O  +  S). 

soiphorobuin^dbjth*      6.   When  sulphurous  aeid  ^^  is  oonTeycd  over  red-hot  dmroo«li 
Acw o» SiSSr"   tlic  latter  is  converted  into  carbonic  »dd,  while  sulphur  is  let  f 
By  this  reaction  the  sulphurous  acid  from  the  roftsting  of  sine  ores  (black-jack)  Is  < 
▼erted  into  sulphur  in  large  quantities  at  Borbeek,  near  Essen,  Prussia. 

tiy  ncAUnyof  siiiphaf«it«d      7-  "V^TiGU  fiulphurettefl  hydn)gen  is  passed  through  red-hot  tube* 
ilidrv«Ni.  \i  ,a  dcconiposod  ;  but  this  reaction  is  not  industrially  apjdi cable  tc 

the  preparation  of  snlphiir. 
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pKopectiM  ABd  um  The  jellow  oolonr  of  sulphur  is  generally  known ;  at  100*  tlds  colour 
of  Sulphur.  deepens  and  nearly  disappears.  At  —50",  sulphur  is  very  brittle  and 
leadil^  pulverised,  becoming  by  the  motion,  especially  in  warm  and  dry  weather,  so  highly 
electnc  as  to  cause  the  particles  to  adhere  strongly  to  each  other.  The  sp.  gr.  of  this 
element  varies  from  1*98  to  2*06.  It  melts  at  115°,  forming  a  thin  yellow  liquid,  which,  at 
160%  becomes  thick  and  assumes  an  orange-yellow  colour ;  when  hcati'd  to  220",  sulphur 
is  a  tough,  red,  semi-solid ;  between  240**  and  260'  the  colour  becomes  red-brown,  but 
being  heated  above  340"  the  sulnhur  is  again  somewhat  fluid,  and  at  last  boils  at  420"  without 
baying  lost  its  deep  colour,  which  also  characterises  the  'vapours.  AMien  sulphur  heat^nl 
to  230'  is  suddenly  poured  into  cold  water,  it  remains  soft  and  so  plastic  that  it  may  be 
advantaffeously  employed  for  obtaining  impressions  of  medals,  wo<Klcuts,  and  engraved 
plates,  Uiese  impressions,  as  the  sulphur  again  hardens  after  a  few  days,  serving  as 
moulds.  On  being  heated  in  contact  with  air,  sulphur  bums,  forming  sulphurous  acid. 
It  is  insoluble  in  water,  very  slightly  soluble  in  absolute  alcohol  and  ether,  and  rather 
more  soluble  in  warm  fixed  and  volatile  oils,  forming  the  so-called  sulphur  balsam.  The 
best  solvents  for  sulphur  are — sulphide  of  carbon,  coal-tar  oil,  benzol,  and  chloride  of 
sulphur.*  It  also  dissolves  in  boiling  solutions  of  caustic  soda  or  |>otas8a,  in  hot  solutions 
of  solphurots  of  calcium  and  potassium,  in  the  solutions  of  certain  sulpho-salts ;  for 
instance,  the  compound  Sb^Sj^Na^S,  which  is  converted  into  Sbj^SjjXa^S,  and  in  solutions 
of  alkaline  sulphites,  couvertwl  thereby  into  hyposulphites. 

Sulphur  is  used  in  the  manufacture  of  sulphuric  acid,  gunpowder,  fireworks,  for  sulphuring 
hops  and  vines  as  a  preser^-ative  against  some  diseases  of  these  plants ;  the  quantity  of  sulphur 
used  for  the  purpose  of  sulphuring  vines  in  France,  Spain,  and  Italy,  amounted,  in  1863, 
to  850,000  cwts.  of  Sicilian  sulphur,  being  about  from  20  to  25  per  cent,  of  the  entire 
production.  It  is  further  employed  in  the  manufacture  of  sulphurous  acid,  sulphites,  and 
hypoeulphites,  sulphide  of  carbon,  cinnabar,  mosaic  gold  or  bisulpliide  of  tin,  and  other 
metallic  sulphurets,  ultramarine,  various  cements,  and  fur  vulcauiBing  and  ebonising 
india-rubber  and  gutta-percha. 

The  greater  part  of  the  total  sulphur  production  of  Europe  comes  from  Sicily,  whence, 
in  1868,  4,052,000  cwts.,  in  value  about  £1,500,000,.  were  exported.  The  total  sulphur 
|»roduction  in  Europe  in  1870  amounted  to  7,012,500  cwts.,  but  in  this  quantity  the 
Milphur  recovered  from  soda  waste  is  not  included. 

SuLPiiuttous  AND  IIyposulphurous  Acids. 
•aipkiiioiu  Acid.      This  acid  (SO2,  or  hydratcd  II2SO3)  may  be  obtained — 
a.  By  oxidation  of  sulphur ; 
6.  By  reduction  of  sulphuric  acid ; 
c.  By  a  combination  of  the  processes  a  and  h, 
Tho  preparation  of  sulphurous  acid  by  the  oxidation  of  sulphur  may  be — a.  By 
baming  brimstone  in  the  air;  /3.  By  roasting  or  calcining  iron  and  copper  pyrites,  or 
the  product  of  Laming's  mixture  from  the  purifiers  of  gas-works ;  y.  By  igniting  a 
mixture  of  manganese  and  sulphur.  Theprcparationof  sulphurous  acidbyroastingsul- 
phurcts  when  coupled  with  metallurgical  operations,  is,  especially  since  Qerstenhofer's 
famaco  has  been  more  generally  introduced,  the  most  advantageous  plan  of  obtaining 
this  ftcid,  and  also  where  the  acid  is  required  for  the  manufacture  of  sulphuric  acid. 
"When,  however,  sulphurous  acid  is  required  for  the  purpose  of  preserving  food, 
tnd  OS  a  raw  material  in  the  preparation  of  wines,  hops,  &c.,  it  should  not  be 

♦  According  to  Cossa  (1868)— 

100  parts  of  sulphide  of  carbon  dissolve  at        150"      31-15  parts  of  sulphur. 
100    „  ,t  n 

100    „  „  )« 

100    „  benzol  „ 

100         „  „  M 

100    „  ether  „ 

100    „  chloroform      „ 

100    „  aniline  „ 

jLcoording  to  Pelouzo — 

100  parts  of  coal-tar  oil,  sp.  gr.  0*88,  dissolve, at  1300'',     43*0  parts  of  sulphur. 


solve  at 

150" 

311S 

38-0" 

94*57 

48-5^ 

146-21 

260' 

096 

7ro'* 

437 

235: 

0-97 

»» 

220^ 

1-20 

»» 

1300* 

8527 

90O 
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mftde  ft'om  pyrites,  but  from  auljihur,  as,  whoa  obtained  from  pyrites,  it  is  olwny* 
miioJ  with  arseniotis  acid.  The  Laming*^  mixture  aaturuted  with  sulphur  fium 
gtis-works  is  largely  used  in  the  preparation  of  sulphiirous  acid  in  sulphuric  acid 
works  in  tind  around  London,  The  ignition  in  ulo^o  vcsads  of  incitalUi'  oxidos  and 
sulphur  con  only  be  advantageously  used  for  the  preparation  of  sulphurous  iicid 
under  certain  conditions.  Tho  oxidos  chiefly  used  for  this  purpose  are  those  of 
manganese  and  copptsr ;  the  formc^r  yieUls,  accoixiing  to  the  weight  of  the  materials 
fmiployed,  either  only  half  the  weight  of  tho  sulphur  in  the  shape  of  nsulphurou* 
acid,  or  tho  whole  of  the  sul[»hur  may  bo  converted  into  acid.  Sulphuroua  acid  i& 
gometimos  prepared  by  heating  a  nuxturo  of  sulphate  of  iron  and  sulphur — 

I>eS04  +  aS  :=  FeS  +  2S0^). 
When  sulphate  of  zinc  ia  calcined  it  j-iclds  sulphurous  acid  and  oxygen — 

(ZnSO^=SOa+0  +  ZnO), 
Kieeerite  (MgSO^  +  HiO),  mixed  with  charcoal  yields  all  its  sulphurTc  add  fi« 
sulphurous  acid. 

The  preparation  of  salphnrons  ncid  by  the  rcdootion  of  sulphmic  add  is  very  frequent ; 

nulphuric  acid  is*  reduced  hy  being  strongly  heated  in  contact  with  certain  metals;  for 

instance,  copper^  meroarv,  and  silver : — 

Sulphuric  acid,  2H  so. )      .  ,.    (  Stdphatoof  copp«%  OuSO„ 
Copp«-.U»  )   '.       ( Water.  2HO.  "^ 

A  Hinall  quantity  of  RulphurDt  of  copper  is  also  formeS-     The  dilution  of  ^phuroos 

acid  with  carbonic  acid  and  curbonic  oxide  does  not  interfere  with  its  intended  aae* 

8tdphurio  acid  is  decomposed  and  reduced  by  being  boiled  with  charcoal-dust,  sftwdost* 

Wood-Biharing^  kc. 

Oft*        -J       TT  or\    i  i  Sulphurona  add,  2SO., 

cSS'c"^'"^      *      y^'^      CaLmc.uid,CO„    ' 
bharuoaJ,  Kj  (  (  ^^^^^^  ^jj  ^^ 

Tltis  mode  of  operation  may  bo  made  continuoii:^  by  ki'<?pmg  up  n  supply  of  snl^ntli 
tiicid  and  sawduat  iu  tho  glass  retort,  as  tho  d<i^onim>.sitiun  of  both  these  sufastaaioes  is 
*  omplete,  jrielding  salphiiroua  acid,  water,  and  nfirbonio  acid.  "^^Tic-n  the  vapourt  of 
tiulphuric  acid  are  parsed  through  red-hot  fslam  nr  porcohim  tubt^s,  the  result  i»  tho 
forumtion  of  Hul^hurous  Hctd,  oxygen,  and  wat<rT  (H  SO^  =  SO,  +  0  +  H^O),  The  i-eduction 
antl  deoompoaition  of  milphuric  aeid  by  the  aid  of  ffolphnr  may  bo  viewed  as  a  combined 
procoas  of  pre]>aring  inilpimrous  acid  by  oxidation  and  reduction: — 

Sulphuric  aciil,  aHaSO.  1    .  .  • ,    |  Sulphurous  acid^  3SO-, 

Sulphur,  S  j    ^^^"^    'nVater,  2H,0. 

In  pmctice,  however,  this  operation  is  very  diflicult,  owing  to  the  fact  thnt,  long  bcfo: 
tbo  nikOtion  begins  to  take  plare,  the  Hidphur  is  molten,  while  as  soon  oa  the  roaution  « 
ixL  it  becomes  xery  tumult uoiuf,  uud  vrith  the  sulphurous  acid  gas  vapours  of  i^ulphur  1 
eanied  over,  whicli  *c»lidify  and  obstruct  the  passage.  At  tho  ordinary  temperature  a 
^maavuro  of  the  ntmo^phcrc,  sulphurous  acid  is  a  gas  having  a  pungent  odour,  nnd  i 
sp,  gr.  =  2 '21.  Tills  gr*9  diiiswjlves  readily  and  in  largo  quantity  in  water,  t  rolamc 
abnorbing  at  iS",  44  volumoa  of  gas.  It  is  oven  more  soluble  in  alcohol.  A\Ticn  water  i« 
presetit  all  tho  higher  oxides  of  nitrogx^n  grive  up  some  of  their  oxygen  to  the  ■ulphttrooft 
acid,  oonvertinff  it  into  sulphuric  acid,  the  oxides  fonuingr  cieutoxid©  of  mtrogoi. 
Chlofino  fdso  converts  moi^t  Buiphurous  acid  ga.n  mto  Hulphuric  acid,  and  "niJliii* 
resolte  obtain  with  iixlink  The  mixture  of  sulphurous  acid  and  !iiid[thurett<.Ni  hydrogtA 
oaiuea  their  mutual  decomposition,  water  being'  formed,  and  sulphur  de|>oi^it4L*d.  Bulpon- 
rouB  acid  is  chiefly  employed  in  preparing:  ffulphtmc  aci<l,  in  the  manufacture  uf  paper.  tk$ 
K>p<Nillod  antichlorine,  m  tJie  preparation  of  madder  V>v  E.  Kopp's  proce&s,  the  prepnrtttioii 
of  h3rpoRilphite  of  ^mtkIa,  and  tho  manufacture  of  sulpluitc  of  ammonia  from  hmt  (stale 
urine).  Sulphurous  acid  U  employed  ftoooiding  to  Laminne's  patent  for  the  purpose  oi 
decomposiuK  ahim-Nlmle  in  tho  manufaetnro  of  alum. 

It  is  further  eniplo^'cd  in  Mime  metr&Uurgiciil  nrooeeees,  for  preserving  foo<l,  blcAchinA 
syrups,  Bilk,  wool,  (*pun|Bres,  fenthers,  jfliie,  isinglitsft^  and  other  animal  substances*  whicS, 
do  not  afhnit  of  bcin^  treated  w4th  chlorine,  and  for  bleacliiiJMr  straw  hat**,  willow 
and  wicker  bapkets.  gum  ariibic,  i:r.  The  bleachiuj.:  pro])orty  of  Hulphurous  aiid  may  be 
tionsidcred  as  due  to  two  entirely  <iifiercnt  cause«  :  in  some  instances  tlie  pigment  is  on!^ 
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miakpclt  not  deutrojed,  as  aulphnrotis  acid  cetera  with  some  plgmouU  into  a  colonriftas 
lombiniition ;  in  other  instjince^,  howeTor,  a  real  decomposition  of  the  pigment  t«]tea 
place.  The  former  condition  otjtains  with  most  of  the  MtMS  and  red  flowers  and  fniit«  ;  t^ 
red  roee  Wcaehod  by  aiUphun>us  acid  has  iU  oolotu  restored  hj  immersion  in  very  tUlute 
ffidphurio  adxL  The  pjgintiitsi  of  yellow  fiowers  are  not  affected  by  aulphuroua  acid ; 
ft  also  does  not  at  first  act  upon  indigo  and  carmine  and  the  yellow  ct>lour  of  raw  sillc,  hut 
by  the  combinc'd  and  eontinued  rtction  of  this  acid  and  direct  sunlight,  the  oxygen  of  the 
ftcid  actft  as  o7.one  and  determines  the  bleaching.  The  avidity  of  stilphuxoiis  acid  for 
cm^gen  may  bo  utilised  in  extinguifihiiig  tires,  esi)eciaUy  in' the  oa«e  of  th©  ioot  of 
^^--craneys  catching  fire»  which  may  be  very  readily  subdued  by  tlu^wing  a  few  ouncea 
flowers  of  sulphur  into  the  fireplace  or  stove. 
linipiiUtofLiiDe.  Neutral  Bulphito  of  limo  (SCagO,  + H^O),  containing  in  lOO  part« 
I  parts  of  aulphuJoiXB  imM,  deserves  attention  as  a  cheap,  commodioiuv  and  very  efBcient 
ibfttanee  for  the  derelopment  of  sulphurous  acid^  the  gas  being  Teadily  set  free  by  the 
ition  of  hydrochloric  or  Bolphmio  acid.  Bisulphites  of  limo  and  soda,  the  former 
solntion*  the  latter  as  a  solid  dry  powder,  are  largely  produced  in  some  of  the  beet*root 
^Qgar  manufactiiring  countries. 

iiji»iuiphit«or  smiA.  This  siilt  (S^Na^Oj  +  sH^O)  is  largely  used  in  photogi'aphy»  in 
metalliirsry,  tis  a  niortlaiit  in  calico-printing,  and  as  antldilor  in  paper-making. 
Hyposulphite  of  soda  may  bo  prepared  by  several  methods,  Accordmg  to  Anthon,  4 
parts  of  cidcinod  sulphate  of  stnla  are  mixed  with  i  to  ij  porta  of  charcoal  powder, 
tho  mixturo  is  moistened  and  placed  in  an  iron  crucible,  and  calcined  at  red  heat  for 
6  to  10  hours;  tlto  cooled  mass  bi'oken  into  sciaU  lumps  is  again  moistened  with 
water  and  then  exposed  to  tho  action  of  sulphuroua  acid ;  the  resulting  product  is 
dissolTed  in  water,  filtered,  ooncentinited  by  evaporation,  and  loft  to  crystalliee* 
According  to  E,  Kopp's  method,  carried  out  industrially  by  Max  Schaflher  at  Aussig, 
hvpog^lphito  of  limo  is  first  prepared  by  causing  siilphui-ous  acid  to  act  upon 
sulpburtit  of  calcium  (soda  waste).  The  lixi^'iated  mass  is  treated  with  sulphate  of 
soda,  tho  result  being  the  formation  of  soluble  hyposulphite  of  soda  and  practically 
infloluble  suliibato  of  limo.  Very  recently  tho  pentathionic  acid  (S^Oj^HaO), 
obtained  in  large  quantity  as  a  by-product  of  the  reaction  between  8ulphurctte<l 
hydrttgcn  and  tnilphuroua  acid  in  preparing  sulphur,  has  boon  converted  into  hypo- 
sulphite of  soda  by  boiling  with  soda  lye  (sS^Oj^DaO  +  3HjO  =  sSiOjJIiO), 

Ah  hyptisnlpliito  of  soda  possesses  the  property  of  readily  forming  with  oxide  of  silver 
I  ilile  double  salt,  hence  dissolving  easily  sucli  inwluble  compound*  as  oWoride  and 
»jf  silver,  it  U  employed  in  photography  and  in  the  hydrcjmetaUurgical  extraction  of 
1"  ing  a  solvent  ior  iodico  it  ia  used  in  ebeuiiHtiT  for  purposes  of  voluinetrica! 
V  mixed  solution  of  milphitc  and  hyposulphite  ot  s<j<la  dissolves  malachite  and 
7  ore,  forming  hyposulphite  of  protoxide  of  oopper  and  sulium.  Stromeyer 
hits  ftnpii^d  this  reactioa  to  the  hydrometaflurgical  extraction  of  copper.  Hyposulphite 
of  BoAa  is  also  used  for  preparing  antinxooial  cirmabar  and  imUino  green ;  the  hyposul- 
phites of  lead  and  copper  have  been  proposed  as  a  paste  for  lueifer  matches.  The 
prpoperty  possessed  by  liyposulpliit*^  of  ftoda  of  fusing  at  a  comparatively  low  tcmtxirature 
iif  it«  water  of  crystallisation,  and  vf  readily  solidifying  on  cooling,  has  been  uttiiaed  by 
Jleck,  in  the  sealing  of  glass  tnbofi  oontaJning  cxploslre  oompounds  to  bo  used  under 
water  in  torpedoes.  The  enormous  comnunption  of  hypoanlphite  of  soda  may  bo  readily 
inferred  from  the  fact  that  the  chemical  factory  near  Aix-Ia-Chapelli}  produces  2000  ewtn., 
and  the  factory  at  Aussig,  Austria,  6000  cwta,  of  this  salt  annually. 

MAXt7FACTURE  OF  SUU'UUEIO  ACIB. 
Sulphiu'io  acid.  II^SO^,  consists  in  100  parts  of  Si  parts  of  anhydrous  sulphuric 
ftcid  and  i8'5  parts  of  water, 
iiiipiitirk  AC  Id.      Thero  are  in  tho  trade  two  distinct  varieties  of  this  acid : — 
o.  Fuming,  or  Nordbaus*ju  sulphuric  acid  (oil  of  vitriol),  obtained  by  distillation 
f^rom  sulphate  of  iron,  bisulphate  of  soda,  sulphate  of  poroxide  of  iron,  or  by  tho 
decomposition  of  sulphate  of  soda  by  means  of  boric  acid  in  the  preparation  of 
borax* 
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h.  Ordinaiy  sulplmiic  acid,  known  abroad  as  English  eulpburio  acid,  prepared  by 
the  oxidation  of  sulphurous  add  by  means  of  nitrous  acid,  or^  very  rarely,  separate 
&t»m  native  sulphates* 

Fttwiiif  suiphark  Acid.  At  &  red  heat  all  sulphates,  except  those  of  the  alkalies  and 
alkaline  earths,  are  decomposed,  and  therefore  may  be  employed  in  the  preparation 
i>f  fuming  sulphuric  acid;  but  on  account  of  its  chcajmesa  sulphato  of  in»n  is  pre* 
forred.  This  salt,  on  exposure  to  red  boat,  is  decomposed  into  anhydrous  sulphn 
acid  and  sulpburous  acid : — 

S  Peroxide  of  iron,  FcjOj, 
Sulphuric  acid.  SO3, 
Sulphurous  acid,  BOi, 

Anhydrous  sulphuric  acid  would  indeed  be  obtained  from  sulphate  of  iron  if  it 
were  possible  to  procure  the  salt  perfectly  anhydrous,  but  as  this  cannot  be  done 
without  decomposition,  some  water  is  always  retained,  the  result  being  the  compound 
known  as  fuming  sulphuiic  acid,  that  is  to  say,  a  mixture  of  anhydrous  and  ordinary 
add  (H2SO4),  the  former  in  very  yariablo  quantities. 

Faming  gnlphurio  acid  is  preparetl  on  the  large  ecale  in  the  following  manner :— n»» 
solntioii   of  Bulphate    of  iron   is  first  evaporated  to  dryneai^  and  dried  in  open  vo¥st;lj* 
its  mach  as  possible.     THe?  drj^  saline  mass,  vitriol- Rtone  it  Ifl  termwl  in  <lf  muuiy,  w  next 
transferred  to  iire-cUy  fla^ka,  a,  Fig.  93,  placed   in  a  gallcj-fumace,  tlie  in>i  1-    - 
through  tho  wall  of  tho  fumaoo,  and  beting  properly  secured  to  the  ne<^  of  tit 

B  B»    Into  each  of  tho  flaaks  2*5  Iba.  of  vitnol-Btono  are  put;  on  tib©  firrt  api'i t 

Heat  only  sulphurons  acid  and  weak  hydrated  sulphuric  aoid  come  orer,  ana  are  yu&Uy 

Fio.  92, 
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aUowod  to  oflonpe,  th«  reeoiTers  not  being  securely  luted  until  white  Tapoura  of  anhydrons 
PTiIphuric  acid  are  Bocn.  Into  each  of  the  leoeiring  fladcs  30  gmiB.  of  water  are  poored,  and 
tho  dktillation  oontinued  for  24  to  36  hours.    The  retort  lla«ka  are  then  again  fiUod  with 
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mw  mflt<»rial,  and  the  operation  rPi>cated  four  times  before  tho  oil  of  ritriol  is  deemed 
suffidently  stronjr*     The  residue  in  the   retorts  i«  rtni  oxido   ^roxido)   of  iron,  »tiU 
PftalnlDg  6ome  stilphiirio  acid.      The   quantity  of    fuminfi^  acid  obtained  amounts  to 
l§5  *^   5°  ^J  ceot.  of  the  weight  of  the  dohj-droted  Bulphato  of  iron  employed;   at 
DftTid^hal,  in  Boheroia,  14  cirts.  of  ^triol-fitoue  jieH  in  thirty-six  hours,  5  J  cwta,  of 
famiivjEr  stdphuric  acid. 

It  is  preferable,  howoTcr,  to  use  sofphate  of  peroxide  of  iron  instead  of  the  dried 

ppcitijsulphiite :  the  sulphate  of  the  peroxide  can  be  readily  pr«*pared  by  meana  of  t}^^^ 

pproxide  and  ordinary  sulphuric  acid.     Frequently  the  fuming  acid  is  prepared  bv  paasini^ 

anhydroua  sidphuric  acid,  obtained  by  OHlciaing  jterfeetly  dehydrated  prutofnifphatc  of 

I  iron,   or^   btitt*:r  still,  the  persulphate  of  iron,  into  ordinary  oil   of  vitriol.      Fuming* 

iitilphuriG  acid  is  now  and  then  prepared  from  the  hisuiphato  of    sodti    left   after  the 

oratian  of  nitric  acid  from  Chili -saltpetre.     In  France  caleineil  sulphate  of  wjda  and 

cic  acid  are  intimately  mixed  and  calcined,  and  the  vapours  of  anhydrous  eulphiiric 

L  dLaen^ged  are  absorbed  by  strong  ordinary  sulphuric  acid.    Fuming"  Btdphiirio  acid 

I  aa  o^y  Uquid  of  a  brown  yellow  or  deep  brown  colour ;  it  emit**  the  pung«ut  smell  of 

Jphurons  acic!,  fnmes  on  bf  iug^  exposed  to  air,  and  yields  on  being"  heated  vapouns  of 

"^^ydrie  sulphuric  acid :  the  sp.  gr.  Tariea  from    rS6  to  I'qi.     It  i«  iuduf^triaUy  hanlly 

t  for  atjy  other  puipose  than  dissolring  indigo,  i  part  of  the  latter  requiring  fur  its 

ilntion  4  parts  of  fuining  and  S  parts  of  ortlinary  sulphuric  acitL 

'^^K^aII"'*'       The  concentrated    sulphimo    acid    (UJSO4),   oil    of   yitriol  of 
tterce^  consiBta  in  100  parts  of  81*5  parts  of  anhydrous  acid  and  18*5  of  water. 
ho  preparation  of  this  acid  on  the  large  »C'ale  in  loadeu  chambers  datoa  from  tho 
1746,  when  Dr.  Eoebvit'k,  of  Biimingbatn*  erected  the  fii-st  leaden  chamber  at 
Prestonpona,  near  Edinbiirg'h. 

Tlie  rationnlt  of  the  manufacture  of  sulphuric  acid  by  tho  chamber  prooess,  in  whicb 

ttlphurou^  acid,  nitric  or  nitrous  acid,  and  u-at^'r  are  employed,  is,  acoormng'  to  tho  late.^it 

wArche*  of  R.  Weber  {1866)  and  Winlclnr  (1S67),  the  following-: — The  oxidation  of  the 

pirt^i..i,..r ., .^  acid  to  BXilphurio  add  takes  pla^  in  the  leaden  chambers  under  tho  influence 

ur  of  water  at  the  expense  of  the  oxygen  of  the  nitrous  acidf  which  is  eon- 

deatoxide  of  nitrogen.    It  is  necessary,  however,  that  the  nitrons  add  be  first 

ifbeti  in  plenty  of  water,  which  takes  up  tlie  free  nitrous  acid,  and  decomposes  tlii.* 

Tii trie  ae.id,  a  process  greatly  promoted  by  the  presence  in  tlie  chamber  of  Hulphurou.'* 

i-ely  iutroducetb     The  water,  usually  in  the  form  of  steam,  because  practical 

[>rovea  that  a  ceriain  elevation  of  temperature  is  required,  acta  in  this  process 

;:    ^..  ......  ..>  wherein  sulphurous  acid  effecta  reduction.     By  the  presence  of  atmospheric 

air  in  the  chamber  the  deutoxide  of  nitrogT?n  is  oxidised  intfi  hypom'tric  or  nitrous  acid, 

and  this  acid  again  dwomposed  by  sulphurous  acid;    if  tho  conditions  arc  favourahlt* 

the  process  is  continuous.    It  occasionally  3iapx>ens  that  the  nitrous  acid  in  contact  witli 

fiulpliurons  acid  and  excess  of  water  forma  protoxide  of  nitr«igen,  of  course  causLng*  a  los:^ 

'  the  efficient  oxides  of  tho  nitrogfcn.    The  formation  of  the  so-called  chAmber  crystals, 

ing  aocoidingr  to  R.  Webor  of   (H  SO<  -f  N^O^^BO,)  only  uVea  plaoe  when  the 

»  Im  not  well  managed,  and  is  chiefly  uue  to  want  of  water. 

^"^*phlS?S*^  "^     Althoufi-h  the  tiso  of  leaden  cbambors  is  due  to  an  Engliabman, 

the  present  mode  of  manufacturing  sulphuric  acid  was  invented  (1774)  by  a  calico 

printer  at   Rouen,   and   impi-oved   by  tho    celebrated    CbaptaL    Tho   ai>panitu8 

DUjsists  e^tsentially  of  four  part^,  viz, — i.  A  funiace>  F,  Fig.  93,  where,  by  the  com- 

tion  of  sulphur  or  ]>yrites,  sulphurous  ncid  is  formed  j  tho  sulphurous  acid, 

ing  with  it  tho  nitrous  vapours  prc^parcHl  in  the  sulphur  burner  by  means  of  a 

ar  contrivance,  escapes  from  the  furncico  through  tho  tube,  T.  *   2.  An  apparatus 

i  with  coke  through  which  mixed  efulphuric  and  nitric  acids  peroolate,     3,  A 

nber  of  load  on  chambers,  a,  a',  and  A",  wherein,  ujider  the  influonco  of  high 

re  steam,  the  sulphuric  acid  is  formed.    4.  A  largo  appai-atus,  K,  known  as 

»  In  order  to  convert  I  kilo»  of  sulphur  into  sulphuric  acid,  the  following  quantitLea  of 

air  are  required : — 

When  the  sulphur  is  present  in  free  state,  5275  Utrea  of  air,  containing  4220  litres 

of  nitrogen, 
When  the  sulphur  is  present  as  pyrites,  6595  litres  of  air,  containing  5276  litren  of 
nitrogen. 


froot.  The  walls  arc  al^  coTered 
with  heavy  cast-iron  plates.  In 
friint  of  the  biinacT  are  three  or  six 
lar^e  openings,  r,  i*',  p",  vtich  can 
Im  floeod  hy  ii-on  doora  fitted  with 
woiHlen  handlos.  On  tho  bod  ar 
hi^ttom  plato  three  iit>n  itiils  or 
ledges,  each  lo  wmtims*  high« 
I)la<.'t»d  to  Jivid*?  the  hottom  of  ^ 
furnace  into  three  or  six  comptut- 
Tnf^ntR.  At  U,  ii\  and  h"  are  the 
holes  for  the  uocessrtry  supply  of 
air.  On  tho  top  plato  ita  firmly 
6xtHl  tho  tube,  T»  which  conreys 
tljo  gases  generated  in  the  bunier  to  tho  londen  thamlxT  of  ftai  h  seetion  or  com- 
portmont*  The  burner  ia  chained  with  about  50  kilos,  of  eulphtir ;  tliis  is  kindled 
at  tho  top,  the  draught  of  air  through  n,  n',  and  n'*  being  so  regulated  ue  to  caiue 


SULFMUn, 


ios 
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the  sulphur  to  be  burnt  off  without  becoming  sublimod*  for  if  nny  sulphur  wore 
VQhttili£*otl  it  would  cause  the  sulphurio  acid  to  bo  turbid  and  milky.*  Kot  only 
does  tho  burner  supply  Fulphiu-ous  acid^  but  ulso  the  nitric  add  or  nitrous 
vjipours  required  in  the  leud'm  chanibor ;  those  are  gonorated  from  a  mixture  of 
nitrute  of  sodn  and  sulphuric  ucid  at  52®  B.  (=  i'56  sp.  gr.)  placed  in  the  cast-iron 
pot,  X%  which  when  fillod  ia  placed  on  the  burnings  sulphur. 

The  constnu'tion  and  arrangement  of  the  thtn'trtjimttitr  is  shown  in  Fig.  95,  At  O 
is  placed  an  iron  grating  covered  with  thick  pt^rforut-fd  sheet  lead;  the  vapours  and 
gnaes  generatf'd  in  the  burner  paas  through  M  into  th»j 
space  immediately  bolow  o,  upon  which  a  column  of 
coke  is  placed,  and  ki^pt  aaturatod  with  sulphuric 
acid  strongly  charged  with  nitric  acid,  obtained  by  the 
condensation  of  tho  giises  from  tho  last  chamber.  This 
acid  is  forced  by  means  of  compresseil  air  from  the 
vessel  Y  into  tho  Mariotte  bottle,  v,  and  passes  thence 
through  T  into  H»  thence  by  T'  to  the  coke,  over  which 
it  is  delivered  in  fine  jets  by  means  of  a  perforated 
plate  fitted  to  the  lower  part  of  the  c«>ver  A.  The  acid 
coming  in  contact  vrith.  the  -warm  gases  from  the 
tambor  yields  to  them,  iu  the  8tate  of  vapour,  all  the 
itroiL?  conipounds  dis»c»lved  in  tho  suljihuric  acid,  and 
witli  those  vapours  the  gases  pas-^  throuph 
^j  Fig.  93,  into  tho  leaden  chiunlnTS.  The  denitrified 
sulphuric  acid  runs  off  through  the  tube  t  inio  a  reservoir, 

^  formation  of  stdplmric  arid  takoa  place  in  the  leaden  chiimbew  or  oiiamber.   In  man} 
^€«pcciaUy  aJ^rtnid.  only  one  largv  ehoral»er  is  worked,  which  is  then^  aa  shown  in  Fig.  93, 
Ifid^  tho'leud^i  platen  R  u',  tochuically  ttrmrd  curtftiiift,  into  three  or  more  coinpart- 
these  carta  ins  rdaching  to  the  bottom  into  the  aoi4  OoUoctcd   there.     If  several 
era  are  worked,  communication  in  mftintained  by  m»MUi  ol  leaden  tubes-    Tb« 
9  r  t^  v'%  conrey  steam  to  the  chambers.    The  chambers  are  not  usually  all  of  the 
» *njB»^,  one  being*  considerably  larger  than  the  others ;  in  tho  largest  moat  o'f  the  acid  is 
The  gases  and  raxwur^  wjntainf^  in  the  last  chamber  being  almost  free  from 
a<nd,  and  con^ietiiig  mainly  of  atmospheric  m  Bad  nitrons  vapoom,  are 
.  UiroTigh  t'  to  the  leaden  reaenoir,  d,  where  the  last  traces  of  RuJphuric  acid  are 
?d,     Tlio  aotiou  of  Gay-Lussnc's  condenBer,  k,  is  based  upon  the  fact  that  conoen- 
[  sulphuric  acid  absorbs  and  conibinos  with  nitroos  acid.     Tlie  appnnitus  coufiifts 
'  Tly  of   a  column  of  coke  S  to  10  metres  in  height,  through  whieh  strong  sui- 
cide 62''  or  64"  B.,  percoUtCft,  the  flow  being  regulate^l  hy  the  apparatus  shown  in 
""95.      The  a^'id  saturated   with  uitnpus  acid  is  conveyed  by  the  tubes  h  h  into  a 
voir,  o.  fpcan  which  it  is  again  forced  by  means  of  the  monto-acid  to  the  Mariotte 
,  m    By  tho  tube  t"',  ih*^  ga^es  are  eonveyt^  to  tlic  chimney  staUc  of  tho  works.     Aa 
b  the  cubic  capacity  of  the  U^aden  chambers,  each  20  kilos,  of  sulphur  consumed  in 
jr-fou«  hours  requires  30  cubic  metres    [about   loo  cubic   feet)  capacity ;  as  this 

•  AecordiTi«r  t^  thrviry,  i  molecule  of  sulphur  requires  only  3  molecules  of  ojtyj^eD^  tlb.! 

i<>  fonu      '  '  -  acid,  and  I  to  convert  the  latter  iatt»  salphuric  aeid ;    that  is  to 

IT,  I  kilo  rofjuirea  1500  gnns.  =  1055  litres  of  oxy^n  z=  5275  litres  of  iiir, 

.\,k,,L    ,    _,,  .,  ;,     ,,f  nitrogen  are  contained.     In  order  to  regidat^?  thirt  supply  of  sir 

ivauecH  have  lieen  adoptc-d,  nmong  them  the  anemometer  invented  by  Combes  ; 

d  to  the  sulphur  bunjcr  by  means  of  a  tube,  tbroui^h  whif.h  tho  air  supplied 

In  Eiiirhmd  n  IJuncc  is  placed  uptm  the  «kf  U  of  the  workmen  who  rogolate 

termed,  simply  by  the  BlidcQ  in  tho  dotirs  of  the  bumei"8. 


it,  as  it  is  1 

inr  fUst  hs^rjfCfl  from  the  chambers  should  not  contain  mort^  than  2  to  3  per  Gent,  of 

sticoeed  in 
but  tlio 


By  f-ir>^ful  management  and  with  good  apparatus  the  maker  may  su 
^bt^iuing  from  loo  kilos,  of  sulphur  306  kUoa,  of  i^roiig  acid  at  184  sp.  gr. ; 
1  qoantity  from  lOO  kilos,  of  sulphur  is  seldom  more  than  3S0  to  390  kilos. 
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Fig.  96, 
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quJintity  of  sulphur  correipcmds  to  60  kilos,  of  hyilratod  sulphuric  acid,  a  oIuudImv  of 
the  capacity  mentioned  jieMa  2-5  kilos,  of  sulphuric  acid  per  hour.  On©  hondnd  tNtfti 
of  sulphur  Inquire  from  6  to  8  parta  of  nitrate  of  »oda,  but  if  pjritefi  is  employed  liii 
quantity  is  often  iucreaaod.  Also  when  pyrites  ia  burnt  larger  cbamben  are  used.  Lately 
Gay-Luasao's  coodcnser  hai»,  in  many  cases,  fallen  into  disuse,  on  aoooimt  of  the  low  price 
t)l  Chili-aaltpetre,  imd  the  expense  A  keeping  the  apparatiw  in  worMng  order. 

^'*"'oFSliShSJ»S*ASdf"*"'*''  Instead  of  eulpliur  native  minerals  containing  that 
©lemcnt  are  fr^aently  employed  for  tho  preparation  of  sulphurous  acid.  Amon^ 
those  minerals,  iron  pyrites,  bisnlphuret  of  iron,  FeSj,  containing  53*5  per  cent, 
of  sulphur*  is  the  most  largely  used.  Tiio  pyrites  are  calcined 
in  peculiarly  constnieted  kiliis^  built  \rith  fire-bars, 
spaces  between  which  may  bo  adjusted  by  means  of  a  key,T 
and  the  admission  of  tho  air  required  for  oombustion  regu- 
lated with  great  nicety.  The  best  pyrik^s  oven  known  on 
tho  Continent  ie  Oerstenhofer  s,  invented  in  1864 ;  the  prin- 
ciple of  this  oven,  Fig,  96,  is  that  tho  pyrites  is  made  to 
fall  through  and  moot  tho  column  of  heated  air  sup- 
porting the  t'ombustion.  In  order  to  prolong  tho  fall 
tho  powdered  pyrites,  terraces  or  banks  are  built  at  intervali 
in  tho  shaftSp  The  broken  up  pyrites  falls  through  tho 
fiinnels  a,  provided  with  grooved  rollers  to  pulretriso  it,  on  to 
tho  banks  c,  from  one  terrace,  as  they  are  termed,  to 
another.  Aa  the  furnace  has  been  previously  made  red-hot, 
*'  ^  the  sulphur  ore  ignites  and  liunis  off,  aided  by  a  moderate 
bhiiit  at  c.  Tho  sulphurous  acid  formed  is  discharged  by  the  channels  d  into  the 
sulphuric  acid  chambers,  sometimes  being  first  conveyed  to  an  ante*room,  where 
the  dust  of  the  pyrites  mechanically  mixed  with  the  gases  is  deposited. 

The  nitrous  acid  vapours  are  generated  in  a  manner  similar  to  that  used  for 
sulphur.  It  will  be  seen  that  when  pyrites  is  burnt,  a  far  larger  quantity  of  air  is 
required  for  the  same  quantity  by  weight  of  sulphur,  amounting  for  i  kilo,  of  pyrib 
to  6595  litres  of  air.  This  excess  is  due  to  the  o;sidation  of  the  iron  of  the  pyrite 
and  the  large  bulk  of  nitrogen  accompanying  the  excess  of  oxygen 

(2FeSa-|-iiO='4SOa+Fe,03). 
Aooordiug  to  Fortman,  the  gases  from  the  pyrites  burners  also  contain  vapours  < 
anhydrous  sulphuric  acid.  Among  the  substances  found  in  the  flue  dust  of  tlic 
pyrites  burners  are  selenium  and  thallium.  Carstanjen  found  thallium  to  the  amount 
of  3*5  por  cent,  in  the  flue  dust  of  a  sulphuric  acid  works  near  Berlin,  whore  a 
pyrites  from  Mezzen  was  used. 

Ch*mt«r  Arid.       As  ftoon  as  the  acid  formed  in  the  leaden  chambers  has  noquired  a  ap.  gr. 
t  '5  =150'  B.  ==;  104*  Twaddle,  it  is  run  off  into  a  reservoir,  and  is  frequently  used  in  that  staUn 
of  concentration  for  tho  purpoee  of  preparing  artificial  manures  or  Buperphosphafos  in 
albdi  work*,  for  the  preparation  of  nitrio  add,  and  for  other  puipoeea.     This  acid  may  be 
If e^^d  from  arsenic  by  tTeating  with  sulphuretted  hydrogctini 

^fiS*irtc  A?id!  '^^  Operation  is  effectixl  in  two  ^lifforent  stagea.  the  first  being  car* 
ried  on  in  leaden  pans,  the  latter  in  platinum  fir  glass  retorts.  Weak  and  cold  sul^ 
phuric  acid  does  not  act  powerfuDy  on  lead»  but  a^s  soon  as  tho  acid  becomes  concen- 
tmte<l,  and  especially  when  hot,  the  lead  is  dissolvedi  sulphurous  add  given  off,  and 
sulphate  of  lead  formed.  Many  sulphuric  acid  makers  concentrate  their  acid  ta;j 
6o*  B*=  171  sp.  gr.,  in  leaden  pans ;  others,  however,  concentrate  in  leaden  pans! 
55*  B.=  1*59  sp.  gr,  only. 
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OQiic»iiimuoii  ta  LradKB  Pftu.  Tbo  poiLS  employod  for  tkis  purpose  oro  rdctangnLar  in 
■hapo,  rather  shallow,  but  long  and  wide,  und  supported  by  iron  plates,  eo  that  tbe 
§a^  shall  not  iftrike  the  bott*>m  directly.  The  modes  of  placing  and  consti-uction  arc 
shown  in  Fig.  97 ;  the  acid  is  more  strongly  heatod  in  the  pan »  «i,  while  in  n  it  is  only 

Fig.  97, 


A'  J' 


by  the  hot  air,    Tho  depth  of  the  acid  in  the  pans  voriea  from  24  to  56 
~eeiituns*    Aa  soon  as  the  acid  is  of  about  171  sp.  gr.,  it  is  further  dopnTed  of  its 
excess  of  water,  in  glass,  porcelain »  or  platinum  vessels, 

piitiaum  iietori*.     Platinum  retorts  ai*o  now  Tory  frequently  employed,  although  it  is 
clear  that  theso  Tessels,  considering  tho  high  price  of  platinum^  ore  expenBiTe, 

Fio,  98, 


_O0L^ 


«J 


the  price  dopentliug  upon  the  weight,  size,  and  workmanship.  Messrs.  Johnsoi^t 
Ijtatthey,  and  Co,  Hat  ton  Garden,  London,  are  among  the  best  makers  of  thesr- 
*  and  other  plutinimi  apparatus. 

Fig,  98  is  an  enlarged  view  of  the  platinum  retort,  represented  together  with  the 

leaden  pans  in  Fig.  97.     The  hearth  communicatea  with  a.     By  means  of  the 


1^ M     ^ 
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pyplion,  T,  the  acid  from  n  can  be  transferred  to  D  ;  the  lonp^cr  leg  of  x  dipping  into  i 
leaden  vessel,  which  admits  of  beings  lowered  to  d  by  the  aid  cif  the  pulley.  The  add 
then  nms  from  the  ^out  c  into  the  channel  rf,  and  thonc«,  through  the  funnol-tiibo, 
into  the  retort.  B,  The  head,  c,  communicates  by  means  of  tubing,  not  shown  in  the 
cut,  with  a  worm,  where  the  water  and  yery  weak  acid  meehanimlly  carrieii  OTtsr 
with  the  atoam  are  condensed.  "When  the  t<^nipeniture  of  tho  acid  in  the  platinu 
still  attains  to  310°  to  320*^,  strong  acid  comes  over,  and  is  condensed  in  the  wonn. 

In  ordEyr  to  withdraw  tho  add  : 
tho  still,  when  fM>noe(Dtnii€!d  to  1*78 
J  1*80(^63*  to  66''B.^,  the  BreantBjrphon,* 

*   ^  Fig.  99»  18  used.  It  la  made  of  platinum; 

tho  outer  leg  has  a  length  of  about 
5  metrea,  and  is  surrounded  by  a  Gopper 
tube  1 5  centiBi«.wide  hy  36  centimsvlong, 
which  can  be  filled  at  a  from  the  tank  m 
(8ee  Fig.  97)  with  cold  water,  the  outlet 
for  the  hot  water  btiiug  at  b.  In  order  1 
to  increaae  the  aurfaoe  the  main  sypha  , 
tnbe  is  dirided  into  four  narrower  tnhei^^ 
The  syphon  is  filled  with,  sulphuric 
acid  by  d  and  €  after  closing  the  tap  c. 
The  very  hot  acid  coola  while  flowing' 
through  the  platinum  tubes,  and  is  coUocted  in  jars,  a,  a',  a", 

^^oSI  iStoSJ!"  When  glass  retorta  of  good  quality  and  sufficiently  lai^ge  aizo  can  be 
obtained  at  a  cheap  rate,  they  are  very  frequently  employed,  being  placed  to  tha 
numbef  of  ten  or  more  (Fig.  100)  in  sand-baths.     The  retorts  are  conneoted  tc 

Fio.  100. 


Wtthenwan^  balloon.s,  lu  which  tliu  a4.id  iumos  are  condensed.  70  per  cent,  of  the 
slmog  sulphuric  acid  sold  in  this  country  is  concentrator!  in  ^lam  r<4orts.  Very 
recently  cast-iron  veasels  havo  been  used  for  concentrating  sulphuric  acid. 

orh^rMfOfoAtArsdiphuric    Hany  methods  of  preparinjr  wulpluuic  noid  have  been  cniggeete 
Add  M*uuf*ciuf*.       hut  hitherto  none  have  aiiyn'here  8uper»*xled  thi?  process  geneim" 
adopt^xL     For  this  reason  it  U  nooe^sary  to  mention  a  few  only  of  tho  reactiona  vp 
which  tJie»e  inethixU  aix^  bti^od.    Ilnhoer  oxidisea  iulphurous  acid  with  chlorine,  oaiv  besng 
taken  that  steam  ia  present  nt  thp  time  :-» 

SuliJ.an>u,acid,SO      I  (  Sulphuric  aoid.  HSO,. 

A^uf^u.  vapour.  sH,0      j-ield      Hj4rooU»rio  i^  adfl. 


CUorine,  jCl 
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Peinoz*s  method  is  based  upon  the  following  reactions : — i.  Oxidation  of  sulphurous 
Add  by  means  of  nitric  acid,  uie  latter  being  heated  to  100**  and  dilutod  with  four  to  six 
times  its  bulk  of  water.  2.  The  rapours  of  hyponitrio  acid  are  again  converted  to  nitric 
acid  by  the  oxygen  of  the  air  and  steam.  In  this  process  the  leaden  chambers  arc  replaced 
by  a  series  of  large  stone- ware  Woulfe's  bottles.  Although  enormous  quantities  of  gypsum 
are  found  natiyc,  all  attempts  to  prepare  sulphuric  acid  from  this  mineral  on  an  industrial 
scale  have  failed.  Gypsum  is  decomposed,  by  superheated  steam  and  at  red  heat,  into  sul- 
phuric acid,  oxygen,  and  sulphurous  acid,  leaving  caustic  lime  in  the  retort.  Shanks 
mixes  gypsum  with  chloride  01  lead  and  water  at  about  60°. 

r^rr^-t^n  poQn  _L^TT  n  i  (  Chloride  of  calcium,  Ca01_, 

The  chloride  of  calcium  solution  having  been  withdrawn  from  tlie  precipitate  of 
sulphate  of  lead,  the  latter  is  heated  with  hydrochloric  acid : — 

Sulphate  of  lead,  PbSO^  \      •  n    /  Chloride  of  lead,  PbCl_, 

Hydrochloric  acid,  2aH  1   ^^^^   \  Sulphuric  acid,  H^SO^. 

Propertietof  SuiphoricAcid.    The  most  highly  concentrated  sulphuric  acid  contains  18*46  per 

cent,  of  water ;  its  formula  is  H^SO^ ;  sp.  gr.  =  1*848.    In  a  perfectly  pure  state  it  is  a 

colourless  liquid,  but  commonly  is  more  or  less  yellow  or  brown,  owing  to  the  presence  of 

organic  matter.    It  destroys  many  organic  substanc<>s,  leaving  a  carbonaceous  residue. 

This  sulphuric  acid  does  not  fume  on  exposure  to  air ;  it  is  very  hygroscopic,  and  when 

left  exposed  to  air,  gradually  absorbs  fifteen  times  its  bulk  of  water.    When  mixed  with 

water  g^reat  heat  is  evolved.  The  boiling-point  of  the  most  highly  concentrated  acid  is  338**. 

The  following  table  gives  the  quantity  of  anhydrous  sulphuric  acid  contained  in  sul« 

phurio  acid  at  15 -5**  C. : — 


Sulphuric  acid.     ^*  ^' 

Anhydrous 

Hvdrated 

Sp.gr. 

Anhydrous 

acid. 

Sulpliuric  acid 

acid. 

100 

1-8485 

81-54 

76 

1-6630 

6197 

99 

1-8475 

80-72 

75 

1-6520 

61-15 

98 

1-8460 

79-90 

74 

1-6415 

6034 

97 

18439 

7909 

73 

I -632 1 

5955 

96 

1*8410 

7S-28 

72 

1-6204 

5S71 

95 

1-8376 

77-40 

71 

1-6090 

57-89 

94 

18336 

76-65 

70 

1*5975 
1-5868 

5708 

93 

1-S290 

75-83 

69 

57-26 

92 

1-8233 

75-02 

68 

1-5760 

55-45 

91 

1*8179 

74-20 

67 

1-5648 

54-63 

1-8115 

73-39 

66 

1-5503 

53-82 

89 

1-8043 

72-57 

65 

1-5390 

5300 

88 

1*7962 

71-75 

64 

1-5280 

5218 

87 

1-7870 

70-94 

63 

1-5170 

51-37 

86 

1-7774 

70-12 

62 

1-5066 

50-55 

85 

1-7673 

69-31 

61 

1-4960 

49*74 

84 

1-7570 

68-49 

60 

1-4860 

48-92 

83 

1-7465 

67-68 

59 

1-4760 

48- 1 1 

82 

17360 

66-86 

58 

1-4660 

4729 

81 

1-7245 

6605 

57 

1-4560 

46-58 

So 

1-7120 

65-23 

56 

1-4460 

45-68 

79 

1-6993 

64-42 

55 

1-4360 

44S5 

78 

1-6870 

6360 

54 

1-4265 

45-03 

77 

1-6750 

62-78 

53 

1-4170 

43*22 

Comparative 

degrees  of  Baumc  and  Twadt 

lie, 

with 

the  corresponding 

«p.  gr. :— 

Degrees  Baumc 

Degrees 

Twaddle 

Sp.gr. 

66 

I 

58 

1-84 

63 

I 

54 

1-77 

60 

L 

*o 

1-70 

57 

I, 

30 

1-65 

50 

I< 

1-52 

45 

§8 

1-44 

40 

76 

1-38 

35 

i 

52 

1-35 

30 

52 

1-26 

as 

/ 

12 

1-21 
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The  render  deairouj  of  more  informatiou   as  to  the  upecific  gravitict  indicated  by 
Butime'B  hydrometers  is  refeired  to  the  '*Chemicid  News,"  voL  xxiv,,  p.  25^  et  ^nj. 

The  useu  of  sulphuric  acid  are  bo  numeroiw  that  it  would  \m  impotuiibJe  to  n  II 

of   them,  ftulphurio   acid    heing  to  dicmical   iudustry  what  iron   is   to   the    ii 
Salpliurio  acid  is  employed  in  pri^pfiriugr  u  j^oiit  many  other  autdii,  among  ti.  ... 
hytlrochloric,  pulphurouH,  carbonic,  tartftric,  citric,  phuHphorie,  stearic,  oleic,  and  pjiii 
Further,  sulphuric  acid  is  UHcd  in  making^  «upeq>hosiiIiatea,  aodflf  sulphate  of  anu! 
alum,  sulphates  of  copper  and  iron,  in  purattiu  and  petroleum  refining-,  silver  re& 
luauufacture  of   g^^ra^^ii^G,  garanceux,  and  oihtr  madder  preparations,  manufactujre 
elucose  frym  tfttupch,  to  diaflolve  indigo,  kn. 

Sulphide  of  Caebok. 

soipiiMeorQcrooB,  This  compound,  consisting  iu  loo  parts  of  15*8  parts  of  carlKOi' 
and  84*2  of  aiilphur,  formula  CSj,  vas  discovered  in  1796  by  Lampndius,  at  Fm- 
burg.  It  m  ottmnod  by  causing  tho  vapour  of  sulpKur  to  pass  over  red-hot  coab, 
or  hy  distilling  au  intimate  mixturo  of  native  metiiUic  sulphurets  with  charcoal  or 
tioko.  Tho  largest  quantity  of  aulphido  of  earbon  ia  obtained,  acconling  to  Sidot 
and  W.  Stein,  at  not  too  higK  a  rod  bent,  that  is  to  stiy,  at  what  is  termed  in 
gas-works  orange-rod  heat, 

Sulphide  of  carbon  is  best  mauufactureil  by  means  of  PorouceFa   opparatiuft 
(Fig,  iQi),    A  i8  a  fire-clay  gas-retort»  supported  on  the  Ere-clay  block  B;  e  and  E 

Fio.  loi. 
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ire  openingJi,  one  being  that  of  a  porcelain  tube  firmly  cemented  into  the  coyer  of  ▲, 
^erring  for  tho  introduction  of  sulphur ;  tho  other  opening  is  for  the  introduction 
of  pieces  of  ookc,  with  whith,  before  the  operation  comrnenc^js,  the  retort  is  filled. 
The  vapours  of  the  aulphido  of  carbon  pass  through  tho  tubes  H  and  i  into  the 
vessel  J,  whcroin  part  of  the  sulphide  is  condensed  and  flows  through  K  into  the  flask 
L,  filled  with  water,  Ihonco  through  ii  into  0,  finally  being  run  off  by  the  tap>  K.  AnJ 
vapours  not  condc^iised  iu  J  pass  through  x*  P  into  the  woi-m,  T,  tho  condensed  sulphide 
being  collected  in  s.  The  crude  sulphide  of  carbon  is  rectified  by  re- distillation 
over  zinc  or  over  bichloride  of  mercury  by  means  of  steam  or  a  water-bath.  If  tho 
bichloride  is  employed,  the  cnide  suljiWde  should  remain  in  contact  with  the  salt  for 
at  least  twenty- foar  hours  before  re-distiUation.  With  tho  appamtua  described,  the 
rutort  being  2*i  mebes  in  height  and  o'3  metre  in  diameter,  2  cwts.  of  crado  eulpbidc 
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of  carbon  may  bo  prepared  in  twelve  hours.  The  quantity  of  sulpbide  resulting 
from  a  g^ven  weight  of  materials  is  always  much  less  than  the  quantity  theoretically 
obtainable;  this  is,  of  course,  partly  due  to  an  unavoidable  loss  of  liquid,  and  probably 
to  the  formation  of  monosulphide  of  carbon  (CS),  a  compound  corresponding  to 
carbonic  oxide.  Crude  sulphide  of  carbon  contains  usually  10  to  12  per  cent,  of 
sulphur  in  solution,  and  also  sulphuretted  hydrogen.  To  purify  the  crude  sulphide, 
bleaching-powder  solution  is  added  to  the  liquid  in  the  retort,  into  which  steam  at 
15  lbs.  pressure  is  forced  to  eflfcct  the  reaction  between  the  chloride  of  lime  and  the 
impurities  present  in  the  sulphide  of  carbon.  Sulphide  of  carbon  is  usually  kept 
under  water.  When  pure,  sulphide  of  carbon  is  a  colourless  liquid,  strongly 
refractive,  exhibiting  extremely  bright  colours  when  in  the  sunlight.  Its  odour 
somewhat  resembles  that  of  chlorofoi-m ;  the  taste  is  aromatic.  Its  sp.  gr.  =  1*2684 ; 
the  boiling-point  is  46*5°,  consequently  the  liquid  is  very  volatile  at  the  ordinary 
temperature  of  the  air. 

Gmxm.  Sulphide  of  carbon  does  not  combine  with  water  or  spirits  of  wine.  It  is  not 
fiolublo  in  every  proportion  in  water  (see  *  *  Chemical  News,"  vol.  xxiv. ,  p.  34) ;  in  ether 
and  chloroform,  however,  it  is  freely  soluble.  Sulphide  of  carbon  is  an  excellent 
solvent  for  resins,  essential  and  fixed  oils,  caoutchouc,  gutta-percha,  camphor, 
sulphur,  phosphorus,  and  iodine.  It  is  highly  inflammable,  burning  with  a  red-blue 
flame ;  the  products  of  complete  combustion  are  sulphurous  and  carbonic  acids.  The 
vapour  of  sulphide  of  carbon  with  oxygen  or  air  constitutes  an  explosive  mixture ; 
the  light  given  by  a  mixture  of  deutoxide  of  nitrogen  and  sulphide  of  carbon  is 
very  intense,  and  has  been  employed  in  photography.  To  Mr.  Fisher,  of  Birmingham, 
is  due  the  honour  of  having  first  prepared  sulphide  of  carbon  for  industrial 
purposes.  At  the  present  day  these  purposes  are  very  varied,  but  consist  chieflj'  of 
the  vulcanisation  of  caoutchouc,  the  extraction  of  fat  from  bones,  and  oils  from  oil 
seeds  and  olives,  the  extraction  of  sulphur  from  its  concomitant  rocks,  and  of  fat 
frt>m  crude  wool.  Sulphide  of  carbon  is  also  used  in  electro-plating  to  obtain  by  its 
addition  to  the  silver-bath  a  bright  and  polished  surface.  It  is  highly  valued  for 
killing  vermin  in  com. 

Chloride  of  Sulphur.  Chlorido  of  sulphur  (CI2S2),  important  only  in  its  technical  use 
for  the  vulcanising  of  caoutchouc,  is  an  oily  fluid,  sp.  gr.  i*6o,  of  a  brown  colour, 
filming  on  exposure  to  air.  It  boils  at  144°.  On  being  mixed  with  water  it  is 
decomposed,  yielding  sulphurous  and  hydrochloric  acids,  a  very  small  quantity  of 
stilphuric  acid,  and  sulphur.  Chloride  of  sulphur  converts  rape-seed  oil  into  a  mass 
resembling  caoutchouc,  and  linseed  oil  into  a  varnish.  Chlorido  of  sulphur  is 
prepared  by  passing  chlorine  gas  over  sulphur  heated  to  125°  to  130° ;  the  product  • 
is  rectified  by  distillation. 

Hydrochlobic  Acxd  A^^)  Glauber's  Salt,  or  Sulphate  of  Soda. 

Bjdracbioric  Acid.  The  Commercial  article  known  as  hydrochloric  or  muriatic  acid, 
or  spirits  of  salt,  is,  as  has  been  explained  in  the  manufacture  of  soda,  a  solutioD 
of  tiie  gas  given  off  during  the  decomposition  of  common  salt  by  sulphuric  acid. 
In  order  to  effect  this  condensation,  the  gas  is  conveyed  to  the  coke  columns,  or  in 
many  instances  is  prepared  and  condensed  by  the  aid  of  the  apparatus  shown  in 
section  in  Figs.  102  and  103,  and  in  plan  in  Fig.  104.  Tlie  apparatus  consists  of 
aevOTal  cast-iron  cylinders,  17  metres  long  by  07  metre  diameter,  closed  similarly 
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to  gas  retorts  by  lida  lut<3(l  wiih  clay.  One  of  the  iids  is  provided  vith  an  opening, 
fj,  into  wkicli  is  fitted  the  stoneware  or  leaden  piiie,  a,  coiiTeying  the  hydrochloric 
acid  to  the  condensing  appanitug.  Tho  other,  or  post4?nor  lid,  is  also  provided  with 
an  opening,  d^  tlxrongh  which  is  passed  the  tube  of  a  leaden  funnel,  so  that  after 
the  rtjtort  is  filled  with  salt,  sulphuric  acid  may  be  poured  in.     Tke  consti'uction  of 


FlO.    102. 
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the  ftimoce,  in  which  U  ire  usually  placed,  allows  the  flame  of  the  fire  at 

o  to  play  round  tho  cylmilLr^  before  reaching  the  flue  louiling  to  the  chiraney,  F, 
fl  is  an  arch  covering  tho  fumaco.  The  first  stage  of  tlie  operation  is  to  fill  each 
cylinder  with  1 50  kilos*  of  salt  or  chloride  of  potassium,  in  localities  where  the  latter 
ihi  abundant.    The  lida  or  covers  are  next  luteal  on,  and  the  fir©  kindled.     Th© 


Fig.  103. 


^•'- 


required  quantity  of  strong  sulphuric  odd  is  now  poured  into  the  retoii,  and 
funnel  having  l>een  withdrawn  from  rf,  tho  hole  is  closed  by  a  clay  plug.     As 
as  the  reaction  is  over,  the  180  kilos,  of  sulphate  of  s<xla  productnl  are  i*emo?ed, « 
the  opefTtttion  repeated.    The  condensation  apparatus,  Figs,  102  and  104  ^  consistA  ( 
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rows  of  Woulfo's  bottles  partly  filled  with  water,  care  being  taken  to  place  the  first 
pair  of  these  bottles  in  a  tank  of  cold  water.    The  condensation  of  the  last  portions 

Fio.  104. 


of  the  hydrochloric  acid  gas  is  cfTocted  either  by  the  aid  of  coke  columns,  or  in 
leaden  chambers,  into  which  fine  jots  of  cold  water  are  injected  on  all  sides. 

i*«>p«tie«  of  Hydrochloric  Crudo  Commercial  hydrochloric  acid  is  commonly  a  yellow 
liquid,  this  colour  being  duo  to  chloride  of  iron.  It  has  a  caustic  sour  taste,  and 
fames  on  exposure  to  air.  At  zd"  water  is  capable  of  absorbing  475  times  its  own 
bulk  of  hydrochloric  acid  gas ;  a  saturated  solution  contains  42*85  per  cent,  of 
gas,  the  sp.  gr.  being  =  1*21.  The  following  table  shows  the  sp.  gr.  of  hydrochloric 
acid  at  various  degrees  of  concenti*ation,  and  the  quantity  of  pure  acid  (real  gas) 
contained  at  70* : — 

Specifio     Degrees  Degrees   Percentago 

graTity.      Baiune.  Twaddle,     of  acid. 


I'2I 

26 

42 

42-85 

I -20 

25 

40 

40-80 

rig 

24 

38 

38-88 

ri8 

23 

36 

36-36 

ri7 

22 

34 

34'34 

ri6 

21 

32 

32-32 

I-I5 

20 

30 

30-30 

1-14 

19 

28 

28-28 

I-I3 

18 

26 

26*26 

1*12 

17 

24 

24*24 

I-II 

i5'5 

22 

22*22 

iMtof  nydrochktrio 

ACld. 

Hydrochloric  add 

Specific 
gfravity. 

Baimie.  Twaddle. 

Percenta 
of  acid. 

I*IO 

I4'5 

20 

20*20 

1*09 

12 

18 

18*18 

I -08 

11 

16 

16*16 

1*07 

10 

14 

14*14 

I -06 

9 

12 

12*12 

1*05 

8 

10 

10*10 

1*04 

6 

8 

8*08 

1-03 

5 

6 

6-o6 

I -02 

3 

4 

4-04 

1*01 

2 

2 

3*02 

of  chlorine,  sal-ammoniac,  chloride  of  antimony,  glue,  phosphorus,  in  the  prepara- 
tion of  carbonic  acid  for  the  manufacture  of  artificial  mineral  waters,  in  beet-root 
sugar  works,  bleach  works,  hydro-metallurgy,  and  alone  or  mixed  with  nitric  acid 
for  dissolying- various  metals. 

oiMbcr^  Biac  Sulphate  of  soda,  or  Glauber's  salt,  consists  in  100  parts  of  ig'i  soda, 
247  sulphuric  acid,  and  56  wator ;  formulaj  NaaS04  -f  loH^O ;  anhydrous,  Na^SO*, 
in  100  parts — soda,  43*6 ;  sulphuric  acid,  56*4.  It  is  prepared  as  described  under 
hydrochloric  acid  by  decomposing  common  salt  with  sulphuric  acid.  It  is  also 
found  native  as  Thenardite  (Na^SO^),  Brogniartine  or  Olauberito  (Na^SO^  -f  CaS04), 
and  it  occurs  in  sea-water  and  some  mineral  waters,  as  in  those  of  Piillna  and 
CSarlsbad. 
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Sulphate  of  soda  iu  indiiectlTr  obtainwi  bj  Tarioiis  proGcases,    among*  iv'hich 
1«  The  double  dcoompo&ition  of  conmion  salt  |jiid  i^ulpliato  of  umgneitia  or  kictyOTite  from 
the  mother^liquor  of  sea-watpT,  or  *it  sullnea  when  exposed  to  a  low  tempGnitiir^  eitlierj 
mittindly  in  water  or  artificiiUlj  hj  the   afisistunoe    of  Carry's   ice-making  much!]] 
2,  LoQgfmaid'0  process  of  roastiug  sulphuret  of  iron  or  copper  with  common  sait.    3* 

cination  of  kieaeritc  or  magnedan  sulphato  with  common  salt,    4.  Knhlmium's  pre 

the  caldnntion  of  sulphate  of  magnesia  and  nitrate  of  soda,  hyponitrio  acid  and  sulpha,,^ 
of  hCKltt  boing"  form^.     5.  Ajs  a  by-product  of  paraffin  and  petroleum  rc^ning^.     The 
isulphatc  of  soda  of  the  lukaH  works  contains  on  an  aTerage  93  to  97  per  cent-  of  uie  puro 
Bait,  tlie  remainder  being  chiefly  chloride  of  Eodium. 
Vmi  of  <«uipbatd     This  But  is  extendvely  employed  in  the  manuiaotuies  of  soda^  ultra- 
trf  soitit  roarinei  and  glass.     In  the  last  case  the  ralphate  is  mixed  with  coal  ond™ 

mltoo^  and  caloincd,  ita  sulphuric  arid  being  reduced  to  e^ulphurousacid,  which  is  volatilijtc  " 
while  a  silicate  of  aoda  is-  formed.  Sulphate  of  sola  wlien  thus  employed  should 
purified  from  all  traces  of  iron  by  being  dibsohed  in  water,  !!ome  lime  added  to  the 
solution,  and  the  clear  liquid  evaporated  to  dryneHs.  Sulphate  of  soda  is  UKxi  in 
metallurgy  in  the  treatment  of  some  kinds  of  antimonlal  orcj^,  the  sulphnret  of  antimunj 
found  near  Bouo  and  Septemes,  France,  &c.  It  is  also  employed  in  certain  prooesacs  1 
wool-dyeing. 

Btotiiphaie  or  sodft.  This  Bolt  (NaHS04)  is  obtained  in  large  crystals  when  i  molecule 
of  sulphate  of  soda  aiid  i  moloculo  of  sulphuric  acid  aro  dissolved  in  water  and  tho 
solution  left  to  evaporate  slowly.  One  of  tho  cliiof  usc?s  of  the  bisolphate  is  iii  a 
niixtiiro  with  abraum  salt  containing  chlorldo  of  mngneeiuin,  oniployed  for  rt— 
moving  zinc  from  lead.  As  a  by-product  Bulphato  of  soda  is  obtaiuod  in  the  manu- 
facture of  nitric  acid  from  citrate  of  soda  and  sulphuric  acid,  and  by  heatiu^  cryolite 
with  sulphuric  add. 

BI^EACHINO-POWDER  AKD  HYPOCITLORITEg^ 

tthiorioe.     It  is  one  of  the  most  valuable  properties  of  chlorine  that  it 
ofgtinic  pigments  and  miasmata,  and  is  hencse  uaeful  as  a  bleaching  agont,  and  la  1 
diainfoetaut*    It  is  also  employed  as  an  oxidising  agent  in  the  extraction  of  \ 
from  pyritical  ores. 

At  tho  ordinary  temperature  and  preaeure  of  the  atmosphere  chlorine  in 
greenish-yellow  gas,  its  sp,  gr.  =r  i'33  ;  it  possesses  a  peculiarly  disagreeable, 
irritating  odour,  and  is  very  soluble  in  water,  i  volume  absorbing  3*5  volumes  ol 
gas,  forming  the  well-known  a^a  cMoriit  or  acidum  fnuriaiicum  oxygnnatntn  ofm* 
iolutnm  of  the  pharmaceutists,  and  the  chlorine  water  of  the  scientific  chemist, 
Tho  bleaching  i)roperty  of  chlorine  gafi,  possessed  also  by  its  solution,  is  duo  to  the 
great  uIEuitj^  of  chlorine  for  hydrogen,  so  that  tho  chlorine  while  seizing  upon  the 
hydi-ogon  of  the  organic  body  in  most  tnstanecs  causes  tho  simultaneotis  dooomposi- 
tiou  of  water,  and  by  the  formation  of  ozone  destroys  tho  organic  coloming  matUn-, 
hydrochloric  acid  being  at  tho  same  time  formed,  a  fact  requiring  attention  in  the 
iise  of  chlorine  as  a  bleaching  ngont.  When  linen,  or  rather  flax,  raw  cotton,  and 
paper  pulp  are  bleached  by  chlorine,  the  fibre,  really  cellulose,  is  not  acted  upon, 
but  only  tho  colouring  matter  is  oxidised  by  the  ozone  formed.  Chlorine  cannot  bo 
used  to  bleach  aninud  matters,  or  such  as  contain  nitrogen,  these  becoming  yellow 
by  it«  action.  Chlorine  is  not  suited  for  transport  eitlier  as  gas  or  in  aqueous  solu- 
tion, therefoi'C  one  of  its  combinations  with  oxygen  and  a  base,  viz.,  a  hypochlorite. 
ia  used.  Uydrated  oxide  of  calcium  or  slaked  Hmo  is  tho  chief  constituent  ol 
bloachiug-powder.     Usually  the  alkali  manufacturers  prepare  bluachmg-powdor. 

rMi»M»tijad^nk«chiaf-  Bleaching- powdcr  is  pn^parod  on  the  largo  scale  in  the  fal- 
lowing manner: — In  works  whore  soda  and  chloride  of  lime  are  to  be  manu- 
factured simultaneously,  the  chlorine  is  obtained  by  mixing  the  common  aalt  1 
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conyerted  into  sulphate  of  soda  by  the  action  of  sulphuric  acid  with  peroxide  of 
manganese,  heat  being  applied. 
The  process  is  as  follows : 

Common  salt,  2NaCl,  \  /  Glauber's  salt,  NajS04, 

Peroxide  of  manganese,  MnO^,  :      yield     )  Sulphate  of  manganese,  MnS04, 
Sulphuric  acid,  2HaS04  )      '  (  Chlorine,  2CI,  and  2II4O. 

In  some  works  chlorine  is  prepared  by  the  reaction  of  hydrochloric  acid  and 
manganese,  and  sometimes  with  the  addition  of  sulphuric  acid.  In  the  first  instance 
only  half  the  chlorine  contained  in  the  hydrochloric  acid  is  given  up,  because  the 
other  half  forms  chloride  of  manganese ;  for— 

.  Manganese,  MnOa,  )        -n      ( ^,^^^^'^"^.»  ^if '    .,     „  ^, 

Hyd?ochloricacid;;Cin,  )     ^'^^^     (Sto!'^H!o.  "" 

In  the  second  instance  all  the  chlorine  contained  in  the  hydrochloric  acid  is 
obtained  — 

Manganese,  MnO^,  \  t  Sulphate  of  manganese,  MnS04 

Hydrochloric  acid,  2CIII,  J    yield    <  Chlorine,  CI2, 
Sulphuric  acid,  H2SO4,     )  I  Water,  2H;,0. 

'As  proposed  by  Clemm,  a  chloride  of  magnesium  solution,  as  largely  obtained  at 
Stasafurt,  may  be  employed  by  concentrating  the  solution  to  44°  B  (=1*435  sp*  gr.,) 
and  adding  manganese,  so  that  to  i  mol.  of  MnOj,  2  mols.  of  MgCl^  are  taken.  The 
cooled,  solid  mass,  when  exposed  to  the  action  of  superheated  steam  at  200®  to  300**, 
yields  chlorine  gas. 

'wCESMMiSSelS"*  ^0  following  methods  are  selected  as  being  the  most  scientific 
and  interesting : — 

1.  Mac  Dougal,  Eawson,  and  Shanks's  process,  consisting  in  the  decomposition  of 
chromate  of  lime  by  hydrochloric  acid,  the  result  being  the  formation  of  chloride  of 
chromium,  chloride  of  calcium,  and  the  evolution  of  free  chlorine — 

(2CaCr04  +  lenCl  =  Cr^jCle  +  2CaCl.  +  3HaO  +  6C1). 
158  parts  of  chromic  acid  yields  loG  parts  of  chlorine.   The  chloride  of  chromium  is 
again  precipitated  with  carbonate  of  lime,  and  by  ignition  converted  into  chromate 
of  lime.    Only  three-eighths  of  the  chlorine  contained  in  the  hydrochloric  acid  is 
given  up,  while  manganese  yields  one-half. 

2.  Schlosing's  method  consists  in  acting  upon  manganese  with  a  mixture  of  hydro- 
chloric and  nitric  acids,  the  degree  of  concentartion  of  the  acids  being  so  regulated  by 
the  addition  of  water  that  the  mixture  yields  only  chlorine,  while  nitrate  of  protoxide 
of  manganese  is  formed ;  this  salt  being  calcined  yields  manganese,  peroxide,  and 
nitric  acid.  The  nitric  acid  aids  the  oxygen  of  the  air  in  decomposing  the  hydro- 
chloric acid.  The  nitrate  of  manganese  begins  to  decompose  at  150*,  and  the  decom- 
position is  completed  at  175**  to  180",  yielding  much  peroxide,  in  some  cases  even 
93  per  cent. 

3.  Vogel's  method  of  decomposing  chloride  of  copper  by  heat.  3  mols.  of  chloride 
^•ield  i  mol.  of  chlorine ;  according  to  Laurens  the  process  is : — 

2CuCl2  =  CU  +  Cu,Cl,. 
The  chloride  in  crj'stalline  state  is  mixed  withhalf  its  weight  of  sand,  and  heated  in 
earthenware  retorts  to  200"  to  300',  yielding  chlorine  gas,  while  the  remaining  proto- 
chloride  of  copper  is  re-converted  into  perchlorido  by  the  action  of  hydrochloric 
acid.  Mallet  has  constructed  a  peculiar  rotating  apparatus  for  the  decomposition  of 
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this  salt,  tlio  flame  apparatus  serving  to  propar©  oxygen.     lOO  kilos  of  cupric 
chloride  yield  6  to  7  cubic  metres  of  chlorine  gas. 

4.  Peligot's  method.  When  3  parts  of  bichromate  of  potassajind  4  parts  of  con- 
oontrated  hydrochloric  acid  are  gently  heated,  the  fluid  yields  on  cooling  crystals  of 
bichromate  of  chloride  of  potassium,  KCljCrO^ ;  at  icx>'  this  salt  yieldjs  chlorino. 

5.  Dunlop*8  process  is  followed  at  ilr,  Tonnant's  works,  GLwgow.  Sulphuric  acid 
13  made  to  act  upon  a  mixture  of  3  mola,  of  common  salt,  and  i  moL  of  nitrate  of 
soda,  the  result  being  the  formation  of  chlorine  and  hyponitric  acid.  The  latter  ia 
absorb^  by  passing  the  mixed  gases  through  strong  sulphuric  acid. 

6.  Mr.  Walter  "Weldon's  process  is  performed  by  meiins  of  an  apparatus  comprising" 
five  Tessels  arranged  at  euccesaiv©  elevations,  so  that  after  hariug  bceu  pumped  up  to  the 
highetst  of  them,  the  liquor  operated  upon  can  afterwarda  deseeud  to  all  the  otheM  by  it» 
own  gravity.     The  lowest  of  these  Yoasela  is  a  well,  which  is  fiimishod  with  a  mt^ehanical 
agitator.     Tho  shghtly  acid  chloride  of  manganese  Hqnor  with  which  the  ppooeM  ootivj 
mences  runs  from  the  stills  in  which  it  is  prodaced  into  this  well,  and  ia  there  treated  witl^ 
finely  dividetl  carbonate  of    lime,  the  action  of    which  Is  facilitated  by  the   energetici 
tt^tation.     When  the  neutralisation  of  the  free  acid  which  ia  at  first  contained  in  thi«| 
Uqnor  and  the  dec*impoaition  of  the  seaquichlorideof  iron  and  sesqui chloride  of  ftluminlnni*! 
which  are  also  at  Ib'ftt  contained  in  it,  are  completed,  tho  Kquor  is  pumpi  1 
settling  tankSf  placed  nearly  at  tho  top  of  the  appamtuii,  and  known  aa  the  *' 
manganese  settler^'*     It  now  consists  of  a  quite  neutnd  mlxj^d  solution  of  viii- 
maaganese  and  chloride  of  c^lcitun,  oontaming  in  suspension  considerable  qnantities  1 
solpnate  of   lime,  and  anmll  quantities  of   oxide  of   iron  and  alumina.      The«e  sc' 
matters  rapidly  deposit  in  the  chloride  of  manganese  settlers,  learing  the  bulk  of 
Uquor  perfectly  brij^ht  and  clear,  and  of  a  faint  rose-colour.     The  next  step  is  to  run  ofl 
the  dear  portion  of  tho  contents  of  the  settlers  into  a  vefl'W?!  immediately  below,  called 
the  oxidiser.     This  is  usually  a  cjlindrical  iron  vei^scl  about  12  iwt  in  diameter,  and  abou^ 
22  feet  deep.    Two  pipei  go  down  nearly  to  the  bottom  of  tlie  oxidiser,  a  large  one  fa 
conveying  a  blast  of  air  from  a  hlowing^  engine,  and  a  smaller  one  for  the  injectioii 
steam.    The  hitter  is  for  the  purpose  of  raiding  the  temperature  of  tho  contents  of  tl 
oxidiser  when  necessary;    for  sometimes    the    chloride    of   man^^ne^  liquor    reachoi 
the  oxidiser  sufficiently  hot — ^between  130'  and  160"*  or  170"  F.     Iramt^liat^^jr  above  thql 
oxidiser  i«*  a  reservoir  containing"  milk  of  lime.     The  oxiidiwr  ha\^g  received  a  chargtj  ti" 
♦  lear  Uqnor  from  tbe  settlers,  and  tbie  liquor  having  been  heatetl  tip  to  the  proper  point,  i 
it  waa  not  already  hot  enough,  blowing  is  begun,  and  milk  of   Hme  ia  then  run   iut 
the  oxidiser  as  rapidly  as  possible,  until  the  filtrate  from  a  sample  takcm  at  a  tap  placed 
nearly  at  tho  bottom  of  the  oxidiser,  ceases  to  ffive  a  manganese  reaction  with  solution  of 
bleach  in  g-powder.    A  certain  quantity  of  milk  of  lime  is  then  added»  and  the  blowing 
continued  until  peroxidation  ceasca  to  advance.     That  point  is  usually  attaine*!  whej 
from  about  So  to  85  per  cent,   of  tho  manjernncHi?  prcjient  has  become  converted  int< 
peroxide.     The  contents  of  the  oxidiser  nrc  now  a  thin  black  mud,  consisting  of  solutio 
of  chloride  of  calcium  containin;^  in  su'5j>ensi[>ii  about  2  lbs,  of  peroxide  of  mangmnes 
per  cubio  foot,  these  2  lbs.  of  peroxide  of  niansTftnesc  Ijcinsr  combined  with  varying  quan* 
titles  of  protoxide  of  mangane^  and  lime.  Thia  thin  mud  is  now  run  off  from  the  oxidiw*^ 
into  one  or  other  of  a  range  of  settling  tanks  or*' mud  settlers,'*  plact^  below  it,  and 
there  left  at  rest  until  it  haa  settled  as  far  as  it  will,  usually  until  about  one-half  of  ifi 
Tolume  has  become  clear.     The  clear  part  i"  *'-'^^-"^* -^   ■   -*  ♦i..^,-.  . »,;,,, i,,„  ,,,, 
about  4  lbs.  of  prroxide  of  manganese  p<  1 
There  it  reacts  u|>on  hydrochlorio  acid,  liU' 
a  residual  solution  as  was  commenced  with.     With  that  tit>luUou  tluj^  ruiiiul  of  i^^Hiru.tiuU'-^  i^ 
begun  again:  and  so  on,  time  after  time,  indefinitety. 

jiyftnM»^rj^^fv^jtg  \Mien  hydrochloric  acid  and  manganese  arc  used,  tho  apparntm 
18  that  delineated  in  Fig.  105.  It  consista  of  a  large  stoneware  jar,  A,  provided  with 
an  opening,  a,  over  which  an  air*tight  cap  is  fitted  when  tho  apparatus  is  at  work, 
and  by  which  the  jar  is  filkxl  with  manganese  and  acid ;  b  ia  another  opening  fitt«il 
with  a  leaden  or  earthenware  gas  tnbe  ;  c  is  a  tmbo  serving  to  run  off  th©  spent 
manganese  liquor.  B  is  a  wooden  box  into  which  steam  is  admitted  for  the  pur 
of  Ikoating  A  and  ita  contents  sufficiently  to  promote  the  reaction  between  the  hydr 
chloric  acid  and  the  manganese. 
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When  t^Morme  m  prapAKd  ftom  a  mixture  of  common  salt,  Hu]}>liiiric  acid,  and  in&n« 
guneftp,  thr  nppantas  is  required  to  withstand  mure  hcat»  ^nd  i»  tbcreforo  com^tructed 
entire  I  <  L  att^  Fig.  106,  is  a  shallow  ii'ou  pan,  fitted  with  the  tube  b  for  the  purpose 

of  PL  ooutentH  of  tba  leaden  cylinder^  d  d.    This  iron  YGttBoL  aerrea  as  the  lower 

part  ui  I  111  icii.ien  cylind*?r,  d  rf,  the  top  of  which  is  provided  with  on  openmg^  for  a  funnel 
»rphon-tubd  for  the  introductioa  of  the  acid,  and  another  opening,  ft  for  the  mAuganeaew 
'the  entire  apparatus  stands  on  a  Hiie  I4  adingp  fram  a  furnace. 

Fio.  106, 


Fio.  105. 


run^.>n>in(if  A;,   r  i  --      Thcj  clJorino  pftsscs!  fttim  the  genemtoT 

oto  a  room  constructed  of  larjfo  block}*  and  sliilw  of  finndstoaij  j'  ill-^  ui  Li>.ph:iit 

ont,  or  A  mixture  of  coal-tar  and  tire-claj.     SoinC'timcs  tlio  r  it  of  l»riok{*  hiid 

I  a  ftimilar  cement,  the  interior  beiiiicr  lined  with  a-*ifihiilt;  leadeij  mi.hh  m  in  alsj  ai'e  na*ed 
br  this  purx>Ofte,  The  room  ia  fitted  with  eeverul  Bhelven  upon  which  Bl.iki^d  liino  is  placed 
I  of  three  to  four  inches  and  more  in  tliickiK.»t5.  The  ehlurine  gas  la  readily  ab.^tn  betl 
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lieat  being  orolred.     Care  is  to  bo  tuken  that  the  temperature  docs  not  exceed  25*,  beoanse 
■''*'  H  ohlomto  of  lime  is  formed ;  thLs  is  prevented  by  uflmitting'  the  gas  slowly.  As  efoon  09 
absorption  ceases,  the  blcacbinfj^-powder  is  removed  with  rakes  from  tlio  shelves,  and 
ihlime  introduced.  Frequently  tlio  chloride  of  lime  ia  somewhat  diluted  by  an  admixture 
slaked  lime. 

When  it  is  de^^ired  to  pre^pare  a  solution  of  chloride  of  linie»  the  apparatus  shown  in 
^g.  loS  ia  employed.  Two  or  four  earthenware  ve«»el«,  a,  about  2  bectctlitrea  capacity,  are 
ilaoed  in  the  leaden  ti*ougli,  b,  the  bottom  of  which  ia  protected  by  a  cast-iron  plate  and  a 
eware  slab,  r»  from  the  direct  action  of  the  fire  at  n.    b  rt^presents  a  coneeatrated  sola- 
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iioa  of  chloride  of  calcinm  serving-  the  pnTjjoae  of  a  bath,  auch  a  Boluticrn  boiling-  at  179*5*. 
By  the  fljphon  ftmnel,  Jt,  the  hydrochloric  atid  is  jxjurtfd  into  a.  iIbh  perforated  cistern 
filled  with  manganese.  8  ia  the  leadun  ^^aa  tulje.  Tho  chlorine  being  ilrst  washed  in.  iz, 
poflses  through  n  into  T,  filled  witli  pieties  of  mnnganose,  to  decornxKiae  any  TapouzB  of 
tydrocMorio  aeid  carried  over,  and  K^tly,  the  chlorine  passing-  through  m  reaches  the 
absorption  ve«sel|  a.  This  vessel  ia  a  kad-linsd  wo»idcn  caeliT  fitted  with  an  ajde  bearing 
sjtokea  to  which  are  fat^tcned  gntta-pereha  floats.  The  bearing  and  pluTnincr-blocka  of  the 
aw  are  mado  of  guaiacum  wood  axid  ebonite.  Tho  axle,  0,  gears  with  a  tRii table  motiTQ 
poweTi  the  purpose  being  to  keep  the  milk  of  time  in  continuous  motion  while  the  gns  u 
bdng  admitted. 
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The  ehlorine  gaa  enters  above  the  level  of  the  fluid,  wliieh  \r  kept  constantly  stirred,  to 
MBBist  in  the  absorptioiL.  From  the  vessel  wherein  the  absorption  take^  place  a  small  tube 
(ends  into  another  reiael  filled  with  water  io  a  depth  of  18  to  24  centime. ;  a  tube  fitted  to 
this  vessel  leads  into  the  op<m  air  to  convey  away  any  nnabsorbed  chlorine.  As  in  the 
preparation  of  solid  chloiiae  of  lime,  it  is  here  neoeasaiy  to  gruard  a^min^t  an  increase  in 
temperature  and  also  saturation ;  Sehlieper  has  proved  that  too  concentrated  solittionB 
flTolve  oxygen,  while  too  dilute  solutions  yield  chlorate  of  lime, 

^*rJ!!S££i»*Bli3JS?'  ^^  ^^  chlorine  rotiuircd  for  the  preparation  of  chloride  of 
lime  ifl  generally  obtained  hy  tho  aid  of  niiiugnnosG  and  hydrochloric  acid,  the  resi- 
dufifl  oonsiBt  chiefiy  of  free  acid  and  protodilorido  of  manganese.  The  principal 
acoggeetions  as  to  tho  utilisation  of  these  sul>j:4txinces  are : — 

a.  Those  aiming  at  the  regeneration  of  peroxide  of  manganese ;  and 
^»  Those  not  proceeding  with  this  view,    Tho  former  are  of  course  tlie  more 
important, 

nuiitop'i  rn>er«.      Tlds  process   is  one  of    tho   oldest    and   the    best,  ^t,    -';  ^      ,^, 

BaLmain's,  in  which  the  chloride  of  maui^raucse  is  neutruliised  with  the  m  r 

of  gas-works,  tlie  supemataot  liquor  being  employed  for  prcparinfr  sal-      .l    ,         lo 

tho  precipitate  is  ignited  in  a  rcverberatory  furnace  and  couverfod  into  peroxide  of 
mringauc^e.  Dunlop'a  proccM,  as  praetiDed  at  Teimant's  -vorki^^  at  Glasgow,  i«  l>aaed  uyoa 
tbe  fact,  first  observed  by  Porchhammer,  that  carbonate  of  many-anese,  whtn  heatea  to 
260%  is  converted  into  peroxide  of  manganese ;  that  L*,  the  carbonic  arid  is  driven  off, 
and  tho  compound ,  2MnO,4"^^^t  obtained.  The  proce^  consists  in  tlie  following 
operations : — 

1.  Conrersion  of  tlve  chloride  of  mangane^  into  carbonate  of  mangancKC, 

2,  Gm version  of  the  earbonate  into  peroxide  of  manganese. 

To  the  chlorine  preparation  pesiduen,  when  they  have  beoomo  clear,  either  chalk  or  milk 
of  lime  is  added  to  nentrolis©  the  excess  of  acid  and  pix^ipitate  the  oxide  of  iron.  This 
precipitate  baring  settled,  the  clear  Hquid,  a  rniher  j)ure  solution  of  protochlofido  of  man- 
ganese, is  poured  into  slmllow  troughs  and  intimately  mixed  with  finely  powdoned  chalk. 
The  magma  thus  formal  is  tmnttferred  for  furtlier  decomposition  to  a  large  caat-iron 
tlt>agh,  27  metres  long  by  ^  metreu  wide.  Parallel  to  tbe  length  of  this  vessel*  a  stout 
wrought-iion  axle  is  corned,  ii>  wliich  are  fitted  cast-iron  branches  serving  as  «tiiT«?ni 
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The  axle  pasmog^  through  stuffing  boxe4  at  ^ch  end  of  th<^  trongb,  gears  with  a  motivD 
power,  whereby  the  stirrera  ore  cauied  to  ket^p  the  chalk  constantly  suaponded  in  the 
moiijBraiiese  solution.  High-preflmure  iteam  is  oonvcyed  into  tho  troitg-h  and  aids  dfi*oom- 
position.  The  carbonate  of  manganeae  obtained  is  frwd  by  washing  from  chloride  of 
,  and  having-  been  well  dramed,  \b  calcdncd  in  a  peculiarly  conetruotod  fumaeo,  in 
'  Q  carbonate  is  first  dried  on  a  higher  stage,  and  then  is  traiiBfcrred  to  a  lower  and 
Bge,  where  oxidation  i«  commenced.  The  oxidation  in  oompkrted  at  the  lowest 
stage  of  the  fomaeef  to  which  plenty  of  air  is  admitted^  The  fire*pixice  is  constructed  to 
admit  of  the  regulation  of  the  heat  with  great  nioety,  because  too  high  a  temperature  would 
cause  tho  formation  of  protoaeaquioxidei  and  too  low  a  temperature  would  leave  the  car- 
bonate undecompoaetl, 

catt^^  ProecBi.  In  thii  process  the  residues  are  converted  into  nitrate  of  manganese, 
which  is  next  decomposed  by  heat.  The  rcaidiies  are  evaporated  to  the  consUtency  of  m 
*yrup,  and  mixed  with  nitrate  of  soda :— 

To  76  kUo^  of  protocUorido  of  mnnganrae  j  ^  ^jjos.  of  nitrate  of  irodll  ne  takeo. 
and  to  95  kilos,  of  sulphate  of  mauganeise     | 
The  mixture  is  dried,  and  then  heated  to  a  dull  red  heat  in  nn  iron  retort^  the  fumes  of 
nitric  acid  riven  off  being  used  in  the  manufacture  of  gidplmric  acid.    The  residue  in  tho 
letort  consists,  according  to  tho  salt  of  mangane.so  employed,  of  peroxide  of  mauj^aneae 
and  chloride  of  sodium  or  sulphate  of  soda  ;  it  may  be  lixiviated  with  water  to  obtain  the 
Kide  of  mangauese  in  a  pure  state  if  sulphate  of  i«oda  is  present, 
*Bs>  Froetiii.      The  proces8e9  of  regenprating  manganese  by  the  application  of  soda 

J  are  more  important  than  the  preceding.     In  Hofmann's  process  the  protochloride 

til  manganese  is,  by  the  addition  of  the  yellow  ley  obtained  from  the  Hxiviation  of  soda 
wute  oonterted  into  sulphuret  of  nmuganese*    Tho  precipitate,  consisting  of — 

Bidphuret  of  manganeso »•     SS'^o 

Rulplmr    . . 40*00 

Protoxide  of  manganese      ,  ♦ *       5*00 

100*00 

If  drifid  and  calcined,  the  sulphurous  acid  given  off  being;  led  into  the  mdphnrio  acid 
chimbers.    The  lemaining  residue^  consisting  of^ 

Sulphate  of  manganese  , 44*5 

Peroxide  of  manganese  .,     ,,     .,     .t     ..     1S9 
Protoxide  of  manganese . ,     , 36*6 

1000 
,  mixed  with  nitrate  of  soda  and  heated  to  300",  yielding  snlpliate  of  eoda  and 
of   nmnganeftc,  the  latter,  however^  being   at  once   decomposed  into  peroxide  of 
and  hyponitric  acid  : — 

a,  MnSO,  +  2NaNO,  =  Mn(N03),  +  Nn,SO<; 
^.  JIn(N03)  +  MnO,  +  zND^. 
Aft<T  the  mass  has  cooled,  tbe  sulphate  of  amla  is  removed  by  lixiviation,  the  residue 
yielding  a  material  free  from  iron^  and  nccordinff  to  the  inventor,  equal  to  native  manganese. 
Weidon'i  Ftt>ce3iK.      To  tliG  resirlue,  consisting  of  protocUorido  of  manganese,  are  first  added 
ftir  every  molecule  of  thnt  salt  2  molecules  of  hydrate  of  lime.    Into  this  magma^  consist- 
iag  of  hvdrat©  of  protoxide  of  manganese,  hydrate  of  limo,  nnd  chloride  of  calcium,  air 
ifflcm^ed^  the  effect  beixij?  that  tho  manpaneso  is  rapidly  higher  oxidtsedt  and  forma  cal- 
dom-maniranito  (CaJtrnO,,  or  MnOgiCaO),  whicl*,  having'  *^ii»)sided,  and  the  supernatant 
chloride  of  calciinu  Mulution  l)eing  run  off,  is  rtmly  fur  t  lil»rine  making  by  tho  addition  of 
bTdrochloric  acid.     Tlio  eame  process  is  repeat<id,  aiid  escn  u  change  of  vessels  is  not 
required,     (Seep.  2lO.) 
oiberMcihfHi^nfru»sJi.ff  &'  UtiliRation  of    the  residues  without   rej^cnemtion    of   the 

th«  Ue4i4wa.  pcroxtde  fif  nmnganew,     51.  S<'hiiffner,  at  Aussig,  precipitates  the 

protoohloride  of  man^ncse  with  lime,  dries  the  precipitate,  and  calcines  it  in  a  rever- 
f>pniiurv  furnace,  obtaining  protortf'ftqiuoxidc  of  manganese,  employed  with  inm  ore  in  the 
ilstft  furnace.  Tho  solution  <»f  cltloride  of  calcium  aimultaneoualy  obtained  m  precipi- 
tated by  enlphurio  acid,  yielding  the  ra;iterial  known  as  anmlint;  that  is  to  say,  the 
irrpemm' nscxl  in  paper  manufturture.  In  the  process  of  soda-malrina-  from  dulphuret  of 
iodiam  and  ir^^n,  as  suggested  by  Malcherbe  and  improved  upon  by  Kopp,  for  tlie  oxides 
i&d  csarbonate  of  iron,  the  correspondiug  man^^nncse  compoondii  may  be  Bubstitnted. 
Carbonate  of  manganese  may  be  used  to  convert  Bulphuret  of  j404lium  into  soda,  and  may 
■ho  •erve  for  the  preparation  of  permanganates.     A,  Leykauf  suggests  that  the  roaiducs 
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of  chlorine  manufrictuFe  should  be  employed  to  form  a  violet-coloured  painti  knon 
Nuremberg--violct»  a  compoimd  of   amiuouia,  o3dde  of  iming-anese,  and  phosphorio  j  ^ 
In  England  the  reeiiduea  are  frequently  employed  in  the  purification  of  ooal-gas  audi 
diainf cnc  taut  s, 

'^irStwhSL^wdi!^^  \Mien  chlorine  gaa  and  elaketl  liinc  (hydrated  oxide  of  calcium, 
CaHjO,)  are  bmught  in  contact,  a  portion  of  the  oxygen  of  tlie  limo  combines  with 
the  chlorine,  forming  hypochlorous  acid,  wliich,  combining  with  the  undecomposed 
lime,  forms  hypochlorite  of  lime,  wliilo  another  oqiiivalont  of  chlorino  combiiie# 
with  the  deoxidised  lime  (calcium)  forming  clilorido  of  calcium ; — 

TT    J    i      -,.  n  -CT  r\    \  /  IlyiMXjhlorite  of  Kme»  Ca  (Clola, 

thionne,  2LI,,  |^  ^  Water,  211^0. 

This  bleaching-powder  consists  in  100  parts  of: — 

Hypochlorite  of  lime      .,     49*31 

Chloride  of  calcium . .      . .     58*28 

Water         ,.     - 12*41 

lOO'CX) 

nt  of— 

Chlorine    ,                            . . 48*90 

Lime 38'69 

Water .♦  12*41 

lOO'OO 

A  bleaching-powder  of  this  theoretical  composition  does  not  and  c^mnot  occur  in 
the  trade ;  a  good  sample,  containing  26*52  i>er  cent*  of  octavo  chlorine  was  ocfmpoaed 
its  follows  :^ 

II\*pot'hlorite  of  limo 26*72 

Chloride  of  calcium        -5'5t 

Limo  . .      . . .  *     23*05 

Water  of  composition  and  moisture    . .     . .     24*72 

100*00 
This  analysis  may  be  more  intelli^blo  by  the  following  arrangement : — 

Hypochlorite  of  lime      . ,      ,     26*72 

Active  chloride  of  calcium     ,,     zo'72 

Excess  of  chloride  of  calcium      479 

Hydrate  of  limo      3o'45 

Water  of  composition  and  moisture     . .     . .     1731 

1 00 'DO 

According  to  Dr.  Fresenius  (1861),  bleaching-powder  is  a  mixture  of  i  molocaI« 
of  Oft(OlO),  and  2  molecules  of  ba^ic  chloride  of  calcium,  CaCI^zCaHaO,  +  zEfi, 

^'^'^''^wJ^''^''^'  Bleaching-powder  is  a  white,  rather  moist  powder,  consisting 
of  hypw'hhirito  of  lime,  chloride  of  calcium,  and  excess  of  slaked  lime,  10  parts  of 
water  diasolvo  the  bleaching  material,  leaving  tho  excess  of  lime ;  the  chlorine  con- 
tiiined  in  the  chlorido  of  calcium  also  acts  as  a  bleaching  agent,  as  on  adding  an 
acid  to  ilw  bleachinii^-powdcr  the  hypochloi-ous  acid  set  free  Tf^acts  upon  the  hydro- 
chloric  acid  evolved  from  the  chloride  of  calciuiQ,  funning  water  and  chlorine :— 

(S!o+5}=l!io<:il) 
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The  bleaching  power  of  chloride  of  lime  does  not  come  immediately  into  play 
unless  an  acid  is  added ;  this  property  is  turned  to  account  in  the  producing  of  white 
patterns  upon  fabrics  dyed  turkey-red,  by  printing  the  pattern  in  a  thin  paste  of  tar- 
taric acid,  the  fabric  being  afterwards  immersed  for  a  few  minutes  in  a  solution  of 
hypochlorite  of  lime.  Instead  of  employing  acids  for  setting  the  chlorine  free  from 
chloride  of  lime,  sulphate  or  chloride  of  zinc  may  be  substituted,  the  result  being 
that  gypsum  and  oxide  of  zinc  are  precipitated,  while  hypochlorous  acid  remains  in 
solution.*  The  various  industrial  uses  of  bleaching-powder  have  already  been  men- 
tioned«  C?hloride  of  lime,  as  bleaching  powder  is  generally  termed  in  this  country, 
is  sometimes  used  for  the  preparation  of  oxygen,  i  kilo,  (of  the  formula  Ca(C10)4), 
yielding  132*2  grms.  =  92*4  litres  of  oxygen. 

chiorimctiy.  As  tho  valuc  of  a  samplo  of  chloride  ef  lime  depends  upon  the  quantity  of 
of  the  really  active  chlorine  and  hypochlorous  acid  it  contains,  methods  have  been 
devised  for  ascertaining  with  a  greater  or  less  degree  of  accuracy  the  quantity  of 
these  active  agents.  Formerly  tho  test  was  the  discolouration  of  a  certain  quantity 
of  indigo  solution  by  a  certain  quantity  of  bleaching-powder  solution,  as  compared 
with  the  action  of  chlorine  upon  indigo,  but  it  is  clear  that  this  method  could 
not  yield  accurate  results. 
o«j-i«»^iCTUoroinetric  ^{g  eminent  savant  makes  use  of  tho  oxidising  action  of 
chloride  of  lime  upon  arsenious  acid,  a  volume  of  dry  chlorine  gas  dissolved  in 
water  being  employed.  The  solution  of  chlorine  is  poured  into  a  graduated  tubo 
divided  into  100  parts,  each  of  theso  divisions  coiTcsponding  to  one-hundredth  of 
chlorine.  A  solution  of  arsenious  acid  in  dilute  hydrochloric  acid  is  also  prepared, 
the  strength  of  tho  solution  being  such  that  equal  bulks  of  tho  two  liquids  suffer 
mutual  decomposition : — 

Arsenious  acid,  AS2O3,  \ 
Water,  2H2O,  |   j-ield 

Chlorine,  2Cla,  / 

Water  is  decomposed:  its  oxygen  combines  with  the  arsenious  acid,  forming  arsenic 
add,  while  the  hydrogen  combines  with  the  chlorine.  Usually  i  litre  of  drj'  chlorine 
gas  is  dissolved  in  i  litre  of  distilled  water.  The  normal  solution  of  arsenious  acid 
is  so  prepared  that  it  is  entirely  decomposed  by  the  chlorine  water  to  arsenic  acid. 
The  test  is  canied  out  as  follows : — Take  10  grms.  of  tho  sample,  and  triturate  with 
distilled  water,  adding  suflQciont  of  tho  latter  to  make  up  a  litre.  Next  take,  by 
means  of  a  graduated  pipette,  10  c.c.  of  tho  arsenious  acid  solution,  and  pour  it 
into  a  beaker,  adding  a  drop  of  incb'go  solution  to  imi)art  a  faint  colour ;  next  add, 
by  means  of  a  burette,  sufficient  of  tho  bleaching  powder  solution  to  cause  the 
colour  nearly  to  disappear,  then  add  more  of  the  indigo  solution,  and  again  bleaching- 
powder  solution,  imtil  the  fluid  becomes  quite  colourless.  Tho  normal  arsenious 
add  solutionis  prepared  by  dissolving  4*4  grms.  of  this  acid  in  32  grms.  of  hydro- 
chloric add,  the  liquid  to  be  diluted  to  i  litre.  If  10  grms.  of  bleaching-powde- 
contain  i  litre  of  chlorine  gas,  it  is  of  100  degrees  strength. 
rcBot* Tett  Penot  has  modified  Gay-Lussac's  method  in  the  following?  pai-ticulars :— 
For  the  arsenious  acid  solution  he  substitutes  arsenite  of  soda,  and  fur  the  indigo 

♦  Explosions  have  occurr«?d  from  bleaching-iwwder  being  kept  in  too  tightly  closed 
Teflsels,  due  to  fipontancous  decompoBition,  (CafClO)^  -|-  CaCl,  :=  2CaCl3  -j-  O,).  As  a  pre- 
tention it  is  saggested  that  the  x)owder  should  bo  ground,  packed  in  (ftsks,  and  strongly 
pressed  into  a  h^  mass. 


Arsenic  Acid,  AsaOj. 
Hydrochloric  acid,  4CIH 
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Bolution  a  colourlesa  iodised  paper,  wliich  is  tumml  blue  by  the  smallGst  quantity  of 
free  acid.  Tlio  paper  is  prepared  in  the  ftillowing  manner : — i  grra.  of  iodine, 
7  grms,  of  carbonate  of  soda,  3  gnus,  of  starch,  and  \  litre  of  water  are  mixed.  When 
the  solution  becomes  colourless,  it  is  diluted  to  J  a  litre ;  in  this  fluid  white  paper  is 
soaked.  The  arsenical  fluid  is  prcpai-ed  by  dissolving  4*44  grnis.  of  araenloiia  acid, 
aad  13  gnns.  of  ciystaliiaed  carbonate  of  soda  in  i  litre  of  water.  This  solution  is 
poured  by  means  of  a  burette  into  the  solution  of  the  chloride  of  Urno  intended  to 
bo  tested  (10  grms.  of  the  sample  to  i  litre),  the  completion  of  the  reaction  being 
known  by  the  paper  rtimainiag  uacoloured.  Mohr,  again,  has  modified  this  process, 
in  not  however  very  essentittl  particuiars. 

*  Dr.  w*irn*r«  Method.  Tliis  test,  discovered  in  1859,  is  the  so-called  iwhnntiricfil 
methotJ^  and  is  based  upon  the  fact  that  a  solutirm  of  chloride  of  lime  separates  the 
iodine  from  a  weak  (1  to  10)  and  slightly  acidified  iodide  of  potassium  solution,  the 
iodine  being  quantitatively  estimated  by  means  of  hyposulphite  of  soda  i — 


Iodine,  2I, 

Hyposulphite  of  soda,  aXaaSjOj-l-^iral), 


i  Iodide  of  sodium,  zNal, 
TetratMonate  of  sodium,  1^028405, 
Water,  sH^O. 


The  test  is  thus  executed: — 100  c.c.^i  gnn.  of  bleaehing-powder  solution, 
obtained  by  dissolving  10  grms.  of  ehlorido  of  lime  in  i  litre  of  water,  are  mixed 
with  25  c.c.  of  solution  of  iodide  of  potassium  acidified  with  dilute  hydrochloric 
acid.  The  ensuing  clear,  deep  brown  colouixjd  solution  is  treated  with  hypo- 
sulphite of  soda  solution  until  quite  colourless.  The  hyposulphite  of  soda  solution 
is  composed  of  24*8  grms.  of  that  salt  to  i  liti*e  of  wattir ;  1  c.c.  of  this  soluticin 
neutraliBefl  0*0157  grms.  of  iodine  and  0*003 55  grins,  of  chlorine. 

odscoMMeti  DtffMi.  The  strength  of  bleadiing-powder  is  indicated  in  England, 
Russia,  America,  and  Germany  by  degrees  corresponding  to  the  percentage  of  active 
chlorine ;  but  in  France  the  degrees  denote  the  number  of  litres  of  chlorine  gas  at  o* 
and  760  millimetro  Bar,,  which  i  kilo,  of  bleaching-powder  can  evolv©.  The 
following  table  compares  the  chlorometrical  degrees  of  Franco  and  England  :— 

French.  English, 

63  20'02 

65  20-65 

70  22*24 

75  2383 

8D  25'42 

85  27-01 

9D  28*60 

100  31-80 

105  3yz^ 

110  34'95 

"5  36-54 

lao  38'i3 

las  397^ 

ia6  40*04 

The  percentage  is  calculated  by  midtiplying  the  French  degrees  by  the  ooefl 
o'3i8,  a  litre  of  chlorine  gas  =  35*5  criths,  weighing  3*18  grms. 
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AJkmUAc  Hipochioritct,      A  Bolutiou  of  li^rpocMoiite  of  pota^sa  is  known  in  comm<)rce 
andor  the  name  of  Eau  de  Javtlle,  wMle  tlie  corresponding  soda  solution  is  known  aa 
Eau  de  Labamt^ue ;  these  eolutioiiB  are  prepared  by  passing  chlorine  gas  into  u 
solution  of  either  caustic  (i),  or  carbonated  (2)  alkali : — 
( I ).  sNaOH  +  CI,  =  NaQt:i  +  NaCl  + 11,0 ; 
(z).  2Xa.C0j  +  CI,  +  H^O  =^  XaOCl  +  XaCl  +  iXaHCO^ ; 
or  by  exhausting  blcaching-j^owdor  -viith  water,  and  precipitating  the  solution  with 
sulphate  or  carbonate  of  soda  solution,  sulphate  or  carbonate  of  limo  being  thrown 
down,  while  the  hypochlorite  and  chloride  c>f  the  alkali  ix^main  in  solution. 

Hypochkrite  of  alamminm,  or  Wilson's  blcachlDg  powder,  ib  obtained  by  mixiBg  chloride 
oi  nme  itolution  with  sulphato  of  alumina;  its  action  is  by  cVoldng'oxygeu,  leavings 
chlofide  of  nluminimn  in  «<:»lution.  Hypochlorite  of  magneaia  (Ramaa/a  or  Grou\iJle's 
bleaohing  liquor)  w  obtained  by  adding  sidphafce  of  magnesia  to  a  Bolntion  of  bleaching- 
powder ;  the  residt  ia  the  fommtion  of  a  very  energetic  bleaching  compound,  which^  espe- 
oiAlly  for  the  purjjoae  of  bleaching  finely- wo ven-iabrios,  as  mu&Linf*,  Arc,  i^  preferable  to 
chloride  of  lime  on  necount  of  the  absence  of  eaustic  lime*  Varrentrapp*s  bteaelitRC'salt;, 
or  hrpochlorit^e  of  /in*:-,  is  another  energetic  bleaching  compound  obtiiine<l  by  treating  a 
lution  of  chloride  of  limo  with  sulphate  of  zinc,  the  result  boin^*-  the  preoipitation 
}  sulphate  of  lime,  while  hypoehlorite  of  zinc  remains  in  solution  ;  ehlorido  of  zinc  may 
\  employed,  but,  of  cours*^  the  fiolution  then  retains  ehloride  of  cakiuin.  llv-poeldorite 
'  baiTta  ia  somctimc4  U6edf  hypochlorous  odd  boing  obtained  by  the  addition  of 
irery  dilute  sulphuric  add. 

Chknt* of  PoriMM.      This  aalt  (KCIO3)  consists  in  100  parts  of  38*5  of  potassa  and 

6i'5  of  chloric  acid  j  its  crj'atala  are  rhombic  and  tabular  in  fona.    It  formerly  was 

prepared  by  passing  chlorine  gas  into  a  concentrated  solution  of  carbonate  of 

potaaaa,  the  result  being  the  formation  of  chlorate  of  potassa  and  chloride  of 

potassium.     Aa  the  chlorate  is  the  least  soluble  it  crj^ataUisea  first,  while  by  evapo* 

mtJon  the  mothor-liquor  jnclds  chloride  of  potiissium.   The  chlorate  is  then  washed 

with  cold  water,  and  purified  by  re -crystallisation.     100  kilos,  of  carbonate  of 

potaaaa  yield  in  this  manner  9  to  10  kilos,  of  the  chlorate.     At  the  present  day, 

howerer.  chlorate  of  potassa  is  pi^parod  by  a  method,  the  srtiggestion  of  the  late 

Br*  Graham.  Chlorine  is  caused  to  act  at  a  high  temperature  upon  milk  of  lime,  with 

the  result  of  the  formation  of  chlorato  of  limo  and  chloride  of  calcium,  the  chlorate 

of  lime  being  afterwards  decompostod  by  chloride  of  potassium.    The  method  by 

which  chlorate  of  potassa  is  prepared  on  the  large  scale  according  to  this  plan  is  the 

following: — i  moL  of  chloride  of  potassium  and  5  mols.  of  hydi'ato  of  lime,  having 

been  mixed  with  water,  are  submitted  to  the  action  of  chlorine  gas ;  the  solution  ^-ields 

on  evaporation  crystallised  chlorate  of  potassa,  while  chloride  of  caldum  remains. 

This  operation  is  carried  on  by  the  aid  of  the  appamtus  iUustrfttod  in  Fig-  109.  n  u  oro 
earthenware  jare,  placed  in  a  eldoride  of  calcium  buth,  and  filled  uith  a  niLxture  for 
evoIviDg  chlorine  gas.  This  gas  is  conveyed  through  the  leaden  tube,  f  f,  to  tlio  tcswI,  c, 
which  la  placed  in  cold  water  for  the  purpose  of  condensing  any  aqueoiia  vapours.  Prom 
C  the  ga«  passes  through  the  leaden  tube  <?  into  the  absorption  vessel,  a,  in  wliich  the 
niixttire  of  limo  and  wat/cr  boa  been  placed.  £  is  an  iron  stirrer  covered  with  lead,  A,  a 
portion  of  the  tube  for  carrying  off  the  non-absorbed  chlorine;  if,  a  tube  closed  with 
«  plug  during  the  operation,  and  intended  for  tapping  oif  the  contents  of  the  vessel.  The 
nulk  of  lime  is  poured  into  the  vessel  at  50'^  to  60*  C,  while  sometimes  steam  is  injected 
Iqt  the  pnrpo^  of  keeping  up  the  temperature,  which  riaes  as  »oon  aa  the  reaction  eom^ 
.  mcnocs  nearly  to  tho  boiling-point.  A  small  quantity  of  hypochlorite  of  limo  is  always 
lanufid.  As  $oon  aa  no  more  chlorine  ia  abstjrbed  tho  nuid  is  tapped  off  into  a  lead-lined 
tank*  and  after  tho  iospended  matter  has  been  deposited,  ia  pityphonod  over  into  a  leaden 
eraporating  pan  and  concentrated  to  25°  to  30°  B.,  any  hyjwohlurite  of  lima  being  thus 
f3onTert<*d  into  chlorate.  To  the  evaporated  mid  eoneentrated  solution  theie  is  liddt^d 
a  hot  solution  of  chloride  of  potaasiuni,  after  which  the  evaporation  is  oontmued  to  crya- 
talUoation.    Aooording  to  theory,  2|  parts  of  lime  require  i  port  of  chloride  of  potasidum ; 
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in  practice,  however,  to  every  3  parts  of  Mine  i  part  of  chloride  of  potnasiuin  ifl  tAkm.. 
Old  ohlorido  of  lime  which  has  beoonio  uiiiit  fur  bleaching  purposes  may  be  utiliaedl 
by  first  preparing  chlor&t^  of  lime,  and  boiling  a  solution  of  this  chlorAte»  nddin^  to  ibo 
conceirtnitea  fluid  cldorate  of  potassium  to  obtain  chlomto  of  potoiia.  CUofmtn  of 
potaasa.  is  not  altered  by  expomire  to  alr»  is  eolublc  in  t6  piirts  of  water  at  iS'S^i  in  8  parta 
of  water  at  35°.  and  in  1*6  parts  of  water  at  100".  On  being  heat«d  to  fusioni  thia  oalt 
yields  oxygen;  if  incautiotualy  rubbed  in  a  mortar  with  eomhufitiblo  eubstanoes,  aa 
Bulphnx  or  phosphonue,  violent  cocplosious  will  e?nf  ue.     i  kilo,  of  the  cbloratG  yields,  when 

Fio,  109. 


fj^^ 


heated  wilh  either  0*5  Idlo.  of  man }2^..  i  iron,  ..r,  better  still,  with 

a  smtill  qimntity  of  oxide  of  eoppcr  Nt  w>,  '  toL  xxiv.,  p,  85),  391*2  grmm.  = 

273*5  litres  of  oxygen.     Clilorate  of  ,  'y  employed  in  pyrotei^hny  for  the  pre- 

piwiition  *f  whito  powder,  as  an  iiiirrmiiUT  in  rho  explosive  mixture  for  the  cartridge 
of  netdl»?'«iin»,  as  an  oxidising  agrcnt  in  rnlico*printinp-»  «nd  in  the  prq>amtion  of  aniline 
blark.  Perchlorat*  of  potassa  (KCljO^)  is  now  more  frequently  ujod  in  pyrotcohny, 
being  less  dinigerous  to  manipulate,  and  owing  to  the  large  qnaatitj  of  oxygen,  emitting^ 
more  intense  light. 

AuLAxncETu  r. 
AikaibAMTf.       The  potash  met  with  in  commerce,  no  matter  from  what  source  : 
b  obtained,  \%  always  a  mixture  of  Ci\rbonato  of  potassa  with  other  salt«  of  pot 
and  soda ;  and  again  tho  carbonate  of  soda  of  commei*ce  is  a  mixture  of  the 
bonate  with  other  soda  salts,  chiefly  snlphato  and  chloride,     Tho  value  of  either  i 
the  salts  of  courne  depends  chiefly  upon  tho  quantity  of  pure  earbtmato  presenting 
g^ven  sample.    The  quantitative  d< 'termination  may  l»o  efTocted  by  either  of  two 
rapid,  yet  sufficiently  accurate,  methods: — 
a*  Tho  estimation  of  the  quantity  of  acid  required  to  neutralise  tho  olkalijie 

carlionato ; 
fr.  The  determination  of  tho  quantity  of  carbonic  add  evolved  by  the  addition  pf 

a  strong  acid. 
It  is  clear  that  the^o  methods  can  bo  applied  only  when  no  other  than  tlu> 
alkaline  cai^bonato  is  present. 
TsUuMtrica]  MHiidC       This  method,  invented  by  Bcsoroi^les  and  improTod  by  Gay. 
Lussac,  is  based  upon  tho  measurement  of  the  quantity  of  sulphuric  acid  required  to 
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expel  the  carbonio  acid  from  a  certain  quantity  of  carbonate  of  potassa,  this  measure- 
ment giving  the  quantity  of  pure  salt.  The  best  sulphuric  acid^  prepared  by 
mixing  100  grms.  of  pure  sulphuric  acid,  sp.  gr.  :=  1*842,  with  1000  grms.  =  1000  c.c. 
r=  I  litre  of  distilled  water ;  or,  instead  of  weighing  the  acid,  54*268  c.c.  may  be 
mixed  with  a  litre  of  water.  50  c.c.  of  this  normal  acid  solution  suffice  for  converting 
4*807  grms.  of  potassa  into  sulphate  of  potassa.  The  burette  of  50  c.c.  capacity  and 
graduated  to  half  a  c.c,  is  filled  with  test-acid ;  next  4*807  grms.  of  potassa  are 
weighed  out  and  dissolved  in  boiling  water.  Some  litmus  tincture  is  now  added, 
and  th^  test-acid  poured  from  the  burette  into  the  potash  solution  until  the  colour  is 
a  wine-red.  Supposing  60  domi-c.c.  to  have  been  used  in  saturating  the  potash, 
and  deducting  J  c.c.  for  possible  excess,  the  sample  contains  potash  of  59  J**.  The 
quantity  of  potassa  per  cent,  is  calculated  by  multiplying  the  quantity  found  by 
1*47.  Potash  of  50*  contains  50  X  i'47  =  75*5  per  cent,  carbonate  of  potassa. 
Mohr*!  Method.  Mohr  substitutcs  for  the  sulphuric  acid  crystallised  oxaHc  acid — 
(CaH204,2H20  =  126  ;  J  mol.  =  63), 
because : — i.  It  is  as  strong  as,  and  similar  to,  sulphuric  acid  in  its  action  upon 
litmus ;  2.  Being  neither  deliquescent  nor  efflorescent,  it  can  be  readily  weighed  off 
in  a  dry  state  with  accuracy ;  3.  Its  aqueous  solution  is  not  liable  to  become  mouldy 
by  keeping,  as  are  the  solutions  of  citric  and  tartaric  acids ;  4.  It  is  not  volatile 
when  in  hot  water.  To  prepare  the  normal  acid  liquor,  63  grms.  of  oxalic  acid  are 
dissolved  in  a  litre  of  water ;  on  the  other  hand,  there  is  prepared  a  corresponding 
solution  of  caustic  potassa  so  titrated  that,  on  being  mixed  with  an  equal  bulk  of 
the  acid  solution,  the  last  drop  of  the  alkaline  solution  restores  the  blue  colour  of 
the  previously  reddened  litmus,  provided  the  liquor  does  not  contain  carbonic  acid  in 
solution.  For  alkalimetric  purposes  6'gi  i  grms.  of  potash  or  5*32  grms.  of  soda  are 
weighed  out,  these  quantities  being  equal  to  j',  molecule,  and  as  the  test-acid  contains 
in  1000  c.c.  \  molecule  of  oxalic  acid,  100  c.c.  will  exactly  neutralise  the  quantity  of 
alkali.  Some  litmus  tincture  is  mixed  with  the  alkaline  solution,  to  which  the 
ozalic  acid  solution  is  added  in  a  slight  excess  (5  to  6  c.c),  the  solution  being 
boiled  to  expel  all  the  carbonic  acid.  There  is  now  added  by  moans  of  a  pipette 
divided  into  tenths-cc,  just  sufficient  caustic  alkali  to  turn  the  litmus  blue ; 
the  number  of  c.c.  of  alkali  solution  employed  is  deducted  from  the  number  of  c.c. 
ftf  acid  solution  employed,  the  difference  giving  the  percentage  of  pure  carbonate  of 
potassa  contained  in  the  sample.  For  instance,  if  3*45  grms.  of  the  potash  =  ,'a  mole- 
cule, require  36  c.c.  of  the  acid  and  3  c.c.  of  the  alkaline  liquor,  there  will  be  33  c.c. 
test-acid =66  per  cent,  carbonate  of  potassa,  as,  instead  of  3*3  mol.,  ,'g  mol.  having 
been  employed,  the  number  of  c.c.  of  test-acid  must  bo  doubled. 

These  instances  of  alkalimetric  processes  will  suffice  for  the  purposes  of  elucidation , 
but  the  reader  will  find  fuller  explanations  in  works  on  volimietric  analysis.  However,  it 
is  Btill  to  be  observed  that  as  potash  is  a  very  hygroscopic  substance,  it  is  necessary  to 
estiinate  the  water  it  contains,  or  at  least  to  dry  the  sample.  As  6*20  grms.  of  commercial 
potash  and  4*84  grms.  of  soda  contain  when  pure  exactly  2  grms.  of  carbonic  acid,  every 
2  oentigrms.  loss  equals  i  per  cent,  of  carbonate.  Supposing  the  loss  of  weight  to  amount 
to  164  centigrms.  the  sample  will  contain  '^^  =82  per  cent,  of  carbonate  of  potassa ;  fox 
identific  purposes  it  woidd  answer  to  say  that  such  a  sample  consists  in  100  parts  of : — 

Carbonate  of  potassa 82 

Foreign  salts       8 

Water  ..     ..     , 10 

16  100 
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For  commerci^  purposea,  however,  at  least  abroad,  the  ralue  (titrt)  of  A 
of  imtasli  expresses  the  ptroentag©  of  unhydioiis  salt;  for  instance,  by  potash  at 
is  meant  potJi-Hh  contMiitrnjc  60  per  cent,  of  real  carbonate  whc^n  in  a  dry  dtate.  Bat 
if»  by  htivinjr  tab^u  up  iiioiMTin.%  100  lbs.  have  inorea^ed  in  wcij^ht  to  105  or  109  Ibs»,  tJi*' 
exprossion  f§^  or  f^'ji  is  (Minivnlent  to  Baying  that  the  Mnount  of  money  tbnt  would  buy  ^  ot 
dry  inatcriiil  will  :il*<>  \>ny  ^^^.  and  <^f  of  the  moist  salt;  the  purchaser,  therefore,  doea  not 
pay  for  water,  and  till  tliat  he  hoa  to  do  is  to  ascertain  the  quantity  of  water  present  in  th# 
SBinple.  In  France  the  qimntity  of  uoda  contained  in  •*  rumple  is  u^Lally  cxprewefl  in 
degrees  indicating  the  percentjige  of  carbonate  of  soda,  and  in  England  the  ijcrcentiige  of 
oauatio  soda ;  thus,  as  100  ports  of  carbonato  of  soda  contain  58*6  of  soda  and  41*4  of  car> 
bonlc  add,  it  follows  that— 

80"  French  are  equal  to  46-9"  English. 

86'       „       „        „         50-5" 

96'       !•       „        »         52*8' 
^SSmS^  ihl^y'S'iS!    ^^  *^*^  preeedmg  methods  of  testing-  potash  no  notice  is  taken  of  the 
or  Fotaib.        soda  contained  in  the  samples,  nor  is  the  quality  of  the  potas&a  a  ' 
considered.     It  is  clear  that  thofse   determinations  require  a  full  analy»tj?,   which, 
Griineberj^'s  m.ethod,  is  executed  in  the  fallowing  manner  :-^The  carbonate  of  ^         ^ 
is  estimated  by  Gay-Lusaac'a  method,  the  chlorine  by  the  aid  of  nitrate  of  idlTer,  tb© 
salpbnric  acid  by  nitrate  of  lead,  and  the  quantity  of  any  free  caustic  pota«aa  ib  determincdi 
by  means  of  tartaric  acid.     All  the  chlorine  is  calculated  aa  chloride  of  potassium,  aU  the 
sulphuric  acid  a;;  Hulplmtcof  pofa«Ra,  and  the  rest  of  the  potassa  as  carbonate;  the  quantity 
thus  found  i»  deducted  from  that  found  alkalimetrioally,  and  the  remainder  is  calotdatcd  ^  ~ 
be  carbonate  of  soda  in  the  proportioti  of  69' t  to  $yo* 


n  of  tbe 
liich,'^H 
iirer.  tb^^ 


Ammonia  and  Ammoniacal  Salts. 
JMBiocmte.  AiDmonia  occurs  in  the  atmogphero.  Ammoniacal  salts  are  met  with  m 
&  few  minenils  and  in  volcanic  difitncta.  But  the  bulk  of  the  ammonia  and 
ammoniacal  salts  industrially  used,  ie  obtained  from  the  dry  distillation  of  c<uds, 
bones,  and  animal  8ub3taiices,  also  by  the  distillation  of  lant  (stalo  urine),  by* 
action  of  steam  on  some  cyanogen  oompounds,  and  as  a  product  of  the  blast 
process, 
The  following  sources  of  ammonia  are  tedmloally  ATailable  1 — 
r.  Native  carbonate  of  ammonia, 

Preparation  of  ammoniacal  salts  with  bomcic  add, 
Volcanic  Bal-ammoniao, 

Ammonia  from  nitrio  acid  in  the  purifying  of  oanttie  soda, 
„     deutoxido  of  nitrogen  and  nitrous  aoid, 
„     the  nitrogen  of  the  air, 
„     certain  cyanogen  compounds. 
S.  Coals  yield  ammonia : — 

a.  By  the  diy  distillation  for  the  purpose  of  gas  manofaotura, 

b.  By  the  ooking  of  ooalu, 
r«  By  the  use  of  coals  as  fuel ; 

Ammonia  from  lant, 

„    tho  dry  difitiUation  of  bones, 
„    beet-root  juice. 

Aim&onia,  NIl^,  consists  of  1  Tolume  of  nitrogen  and  5  Yolumesof  hydrogen,  co]i< 
densitig  to  2  volume?  of  ammonia  gas,  a  colourless  gas  of  a  peculiar  and  well-kni 
odour  and  aharp  biting  taste.  At  15'  water  absorbs  727,  and  at  o'  1050  times 
own  bulk  of  this  gas,  tho  solution  being  known  as  liquid  ammoma,  or  spint  of 
ammoniac,  the  sp.  gr.  of  which  is  0*824  {^^^^'5  V^^  ^^^^^'  NH3).  Usually.  howover»1 
weaker  and  more  stable  liquid  ammonia  is  prepared  for  plmrmucHJutical  and  technical 
purposes,  hATing  a  sp.  gr.  =  0*960  (=^  975  jxjr  cent.  NHj).  The  foDowing  table 
shows  the  speoiEc  gravity  of  liquid  ammonia,  and  the  percentage  of  ammonia 
contained  :— 


1^     J 

I 

m      i 


o.  Inorganic 
Bouroes. 


B>  Organio 
souiees. 


/  r.  Na 

2,  Pn 


Sp-gr. 

NH3  per  cent, 

0-875 

32-50 

0-824 

31*30 

0*900 

26-00 

0-905 

25*39 

0-925 

19-54 

0-932 

17*52 

0-947 

13-46 

0-951 

I2*00 

0*953 

11-50 

o'955 

ii-oo 
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Sp.  gr.  NH3  per  cent. 

0-959  10 -o  * 
0-961  9-5 

0-963  9-0 

0-965  8-5 

0-968  8-0 

0-970  7-5 

0-972  7-0 

0-974  6-5 

0-976  6*0 

0*978  5*5 

0-957  10-50 

Amznonia  gus  is  very  soluble  in  alcohol.  The  spirittis  ammoniaei  canstici  DzontUi  oi 
the  Pniasian  l^hannacopoBia  is  a  solution  of  ammonia  gtis  in  alcohol  of  0*820  sp.  gr. ;  the 
ammoniacal  solution  containing'  10  per  cent,  of  real  NH3,  and  having  a  sp.  gr.  of  0*808  to 
O  810.  The  liquor  amimnii  vinoms  is  a  mixture  of  I  part  of  liquid  ammonia  (at  10  per 
cent.  NH3)  and  2  parts  of  strong  alcohol.  Liquid  ammonia  is  industrially  employed  for 
the  extraction  of  the  lichen  (orchil)  pigments,  in  the  preparation  of  carmine,  the  manu- 
facture of  snuff,  the  purif  j'ing  of  coal-gas,  for  the  removal  of  carbonic  acid  and  sidphurettod 
hydrogen,  for  the  saponification  of  fats,  the- preparation  of  ferrocyanido  of  potassium 
aooording  to  G^Us's  plan  with  the  aid  of  sulphide  of  carbon,  for  the  extraction  of  chloride 
of  aQver  from  its  ores,  as  anticlilor  in  bleach- works,  and  in  the  manufacture  of  pigments 
and  dyes.  As  regards  the  use  of  liquid  ammonia  for  the  extraction  of  copper  from 
pyritioed  ores,  Barruel  stated  (1852")  that  the  copper  might  be  dissolved  by  simply  impreg- 
nating finely  pidverised  ore  with  liquid  anmionia,  and  forcing  air  through  the  mixture, 
the  metal  being  obtained  as  bhick  oxide  of  copper  after  the  ammonia  is  distilled  off. 
This  process,  however,  has  not  been  found  to  answer  on  the  large  scale.  The  researches 
of  von  Hauer,  Schonbein,  Tuttle,  and  others,  have  proved  that  the  oxidation  of  the 
ammonia  is  simidtaneous  with  the  oxidation  of  the  copper,  and  that  the  nitrous  acid  thus 
fanned  is  the  active  agent.  Moreover,  the  experiments  of  Liebig  and  Way  have  proved 
that  even  if  the  operation  were  carried  on  in  air-tight  .vessels,  the  ammonia  could  not  be 
entirely  recovered,  owing  to  the  fact  that  the  ores  absorb  ammonia,  and  render  it 
insoluble,  thereby  preventing  its  action  on  the  copper.  But  if  the  copper  ore  bo  tolerably 
pnre  malachite  or  lazulite,  only  containing  lime  or  carbonate  of  that  base,  liquid  ammonia 
may  be  successfully  employed.  Liquid  ammonia  is  used  in  Carre's  ice-making  machine. 
The  rationale  of  this  macliino  is  that  ammoniacal  gas  being  expelled  by  heat  from  itu 
aqaeons  solution,  is  again  condensed  and  liquefied  by  pressure  and  cooling ;  the  retort  in 
wnich  the  ammonia  is  heated  being  next  cooled  by  water,  a  vacuum  is  created,  and  as  a 
consequence  the  ammonia  contained  in  the  condenser  volatilised,  returned  to  the  retort,  and 
again  taken  up  by  the  water  present.  On  again  resuming  the  gaseous  state,  the  ammonia 
absorbs  a  great  amount  of  heat,  causing  a  diminution  in  temperature  sufficient  to  freeze 
water.  Carre's  ice-machine  yields  10  kilos,  of  ice  for  every  kilo,  of  coal  consumed  as  fuel. 
Although  Foumier  has  suggested  that  ammoniacal  gas  miglit  be  usefully  employed  in 
testing  the  joints  of  gas-fittings  in  houses,  this  is  more  readily  effected  by  the  use  of  a 
hand  air-pump.  The  application  of  ammonia  as  a  source  of  motive  power  has  been  tried, 
hot  it  is  not  at  present  likely  that  it  will  supersede  steam. 

^'**^ASllwoia?""  By  decomposing  "with  caustic  lime  either  chloride  of  ammonium 
or  sulphate  of  ammonia,  ammoniacal  gas  is  set  free,  and  can  be  absorbed  by  water, 
care  being  taken  that  the  lime  is  in  excess.  When  carbonate  of  ammonia  is  prepared 
on  tho  largo  scale  by  sublimation  of  a  mixture  of  chalk  and  sal-ammoniac,  a 
large  quantity  of  ammoniacal  gas,  14  parts  for  each  100  parts  of  carbonate  of 
ammonia,  is  obtained  and  may  be  utilised.  "VVagncr  has  been  tho  first  to  obseiTe 
that  the  technical  preparation  of  liquid  ammonia  might  be  combined  with  the 
preparation  of  baryta- white  by  precipitating  a  solution  of  sulphate  of  ammonia 
with  caustic  baryta-water;  the  clear  supernatant  liquor  will  be  a  solution  of 
lanfltio  ammonia. 
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Tbe  preparatiou  of  liquid  ammonia  on  the  large  ao&lo  ia  effocicd  by  metana  of  tlie 
apparatus  shown  in  Fi;^,  no.  a  is  a  ctMt-iron  distilling'  vessel  placed  in  a  brickworlc 
fumoce.  To  the  ueck  of  the  vessel  \a  litt<Hl  a  lid  secured  to  the  Hango  hj  moans  of 
bolts  and  nut%  and  lutod  with  red-lead.  The  lid  carrier  an  iron  tube,  tn,  leoidlng  to  the 
wash  yeasel,  b,  of  wrought-iron.  This  ve-istl  is  aurroundod  by  cold  water  contained  in  a 
wooden  tank,  and  13  pr»i\4ded  with  a  wide  tube,  o^  tlirough  which  m  passes.  Tlie  w{l»U 
vessel  ifl  filled  with  only  e>o  much  wat^r  as  will  clo^o  the  tubes  n  and  o  hydmulicoUy, 
as  during  the  operation  a  larjyro  quantity  of  vrdtcr  is  dLntlllod  over  from  a.  too  parts  of 
filaked  lime  are  mix<>d  with  a  autficient  quantity  of  water  to  form  a  thin  milk  of  Irmc 
which  ia  poured  into  a  ;  the  lime  solution  haring  become  quite  oold,  tbero  is  added  lOQ 
parts  of  pulveriM^d  sal-ammoniac  or  sulphate  of  amjiLo:iiaj  being  thoroughly  mixed  by 
titirring  with  an  iron  rod.    The  Ltd  being  screwed  on  A,  the  Ere  is  ligntea  in  c;   thic 

FiQ.  I  to.  • 


— U 


vs  the  coiiTiiG  of  the  nfjcmMon 

thrtmgh  the  tulie  t  iiit4>  the  < 

iii^iily  useful  for  this  and  f">r  simiLu  p 


work  under  a  low  prc^'*flure.     Tliia  apparatus  consists  of  a 

placed  button!  up 
The  outer  tauk  is  tilled  with  water.      Wlieu 


,  n"\  are  placed  btittora  upwards,  ^ 


1  al  gixR  proceed*' 
itu»,  D.  mvcnted 

h 


four  shallow  Ikjxcs,  n\  a",  «' ' 

perforated  with  small  slita. 

gas  onttTS  through  t  into  a'"\  it  fonui^  a  large  bubble,  similar  to  an  air  I 

ice,  and  reachlnjir  one  of  the  small  olits  rises  into  «"',  and  so  on,  the  bubbly  becoming 

smaller  and  smaller  as  the  water  gnidaally  absorbs  the  ga.^.    Tlie  box  or  tank,  n,  i» 

placed  in  a  largo  tank,  not  r'>^"^^^''"*M  in  the  cut,  filled  with  et>ld  v--*--  -  ..^^  .  *iy 

nmewed.     Tlie  still,  a,  is  of  fli>  i '  icity  to  contain  20  kilo:«»  of  milt  1% 

and  i>o  litre;!  of  water,     Tlie  ■  s  continued  until  the  btittom  of  1  ,^  *» 

n>d-hot.    Tho  wat^^r  contained  iu  ft  a*  ujsed  at  a  »ub*pqueut  operation  fv^r  uiLsing  with 

the  lime.     The  preparation  of  liquid  ammonia  din^ctly  fmm  gas  liquor,  the  ommoaiacal 

wator  erf  gas  workk,  will  bo  mt-ntionod  presently.     Tlit^  itppllcation  of  the  properh^  of 

ohlcnide  01  cm'  '  •      •  ,   ,  ».  ..  .*    .. 

hoa  becm 

ammiODia 

ngoxda  transport  thin  niay'not  be  an  uninteresting  fact,  but  chloride  of  oalcitim  is  a  rerf 

dauquesoeDt  salt. 

^"^JSJSir***'  Before  proceeding  to  doeoribo  the  preparation  of  ammoniJical 
ooltfl  fk*om  bones,  coals,  lunt,  &c.,  we  loiist  first  enumerate  the  inorgoaic  aomoet  of 
ammonia  of  industrial  importance. 

r.  Native  carbonate  of  amniooia,  met  with  in  Urge  quoatitioi  in  the  guano  deposits  of 
South  America,  wojs  imported  into  Germany  as  a  oommeroiol  ortlole  in  1848.  On  being 
inalyaod  this  gabataaoe  wnt  found  to  consist  of— Ammonia,  20*44;  carbonic  acid.  54  55  : 


or  gas  woritA,  wiii  DO  mt-ntionea  presomiy.  inf?  itppncaTion  01  tne  propernr  of 
le  of  (Md'?itim  to  al>srirb  ainmnnia  and  deliver  it  vip  oa  the  ufrplication  of  heal 
«n  attenqjtefi  industriidlj^  by  Kjiab  for  the  storing  up  of  amtnoTUa.  Strang  liquid 
Eiia  only  oontjutv*  25  per  cent,  NH,,  and  Knab'fl  preparation  50  per  eent»;   as 
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trater,  2i'S4 ;  and  iiisoluble  matter,  21*54  parts.    It  is,  therefore,  a  bicarbonate  of  ammonia 
(NH^COa. 

2.  The  preparation  in  Tuscany  of  native  sulphate  of  ammonia  as  a  by-pnxluct  of  the 
preparation  of  boracic  acid  has  recently  become  important.  The  sufiioui  contain,  in 
admtion  to  boracic  acid,  sulphates  of  potaesa,  soda,  ammonia,  rubidium,  &c. ;  and  that 
the  quantity  of  these  substances  is  by  no  means  small  may  be  inferred  fn^m  Travale's 
researches,  from  which  it  appears  that  four  suflioni  yielded  within  twenty-four  hours 
5000  kilos,  of  saline  matter,  consisting  of  150  kilos,  of  boracic  acid,  1500  kilos,  cif  sulphato 
of  ammonia,  1750  kilos,  of  bulphate  of  maffnesia,  750  kilos,  of  the  protosulphates  of 
iron  and  mang^ese,  &c.  The  ammonia  is  probably  due  to  the  decomposition  of 
nitrogenous  organic  matter,  occurring  largely  in  the  Tuscan  moimtains.  the  soil  near  the 
lagoons  being  impregnated  with  sulphate  of  ammonia.  In  combinHtion  with  the  sulphates 
of  soda,  magnesia,  and  iron,  sulx>hato  of  ammonia  forms  the  mineral  Bous^^ingaultite, 
difloovered  by  Bechi. 

3.  The  ammoniacal  salts  due  to  volcanic  action  are  of  no  or  of  little  value  to  industry. 
Mascagnin,  sulphate  of  ammonia,  is  met  with  on  Vesuvius  and  Etna ;  sal-ammonkic  is 
sometimes  also  louud  on  Etna,  as  in  the  years  1635  and  1669,  in  such  large  quantities  as 
to  become  temporarily  an  article  of  commerce  at  Catania  and  Messina. 

.  4.  Ammonia  is  formed  during  many  inorganic  chemical  operations,  but  rarely  in 
quantities  rendering  its  preparation  or  recovery  commercially  avaihible.  Ammonia  is, 
for  instance,  set  free  in  the  prei)aration  of  caustic  soda  (see  i>age  1S9),  and  the  purifi- 
cation of  caustic  soda  by  means  of  nitrate  of  soda ;  the  quantity  of  ammonia  set  free  in 
this  case  is  so  largo  that  it  would  bo  commercially  worth  trying  to  condense  the  gas  in  a 
coke  scrubber  or  condenser.  When  arseniate  of  soda  is  prepared  by  dissohdng  arsenious 
acid  in  a  caustic  soda  solution,  evaporating  this  liquid  to  dr^naess,  anil  igniting  the  residue 
with  nitrate  of  soda,  ammonia  is  disengag^  in  large  quantitv. 

J;  Under  the  heading  "Ammonia  as  a  by-product  of  tne  manufacture  of  sulphuric 
acid,"  there  is  in  the  original  German  text  a  description  of  a  mere  suggestion,  embodied  in 
a  provisional  specification  of  an  English  patent,  for  the  utilisation  of  the  waste  nitrous 
vapours  of  sulphuric  acid  manufacture  in  the  preparation  of  ammonia,  by  passing  thefe 
vapours,  with  steam,  through  red-hot  tubes  or  retorts  filled  with  charcoal,  the  ammonia 
thus  formed  being  absorbed  by  sulphuric  acid.  Tliis  process  could  never  be  available  but 
in  badly  arranged  sulphuric  acid  works,  because  in  well  managed  works  the  CMcapo  of 
nitrons  fumes  is  so  very  small  that  it  certainly  would  not  i)ay  to  convert  them  into 
ammonia. 

6.  Of  the  many  imsuccessful  attempts  made  to  directly  convert  the  nitrogen  of  the 
atmosphere  into  ammonia,  it  will  only  be  necessary  to  mention  Fleck's  suggestion,  to 
pass  a  mixture  of  nitrogen,  oxide  of  carbon,  and  steam  over  red-hot  hydrate  of  lime, 
whereby  ammonia  and  carbonic  acid  are  formed : — 

Orido^'c'Sbon,  3CO  !  yield  j  ^"""i".  2.^'"^' «"d 
Water,  3H,0      ^       j*         |  Carbonic  acid,  3CO,. 

7.  Perhaps  the  indirect  application  of  atmospheric  nitrogen  for  the  preparation  of 
ammonia  is  of  more  importance.  Margueritto  sujrgests  that  cyanide  of  barium  should  bo 
prepared,  and  its  nitrogen  convcfrted  into  ammonia  by  the  aid  of  a  current  of  superheated 
steam  at  300°.  According  to  the  description  of  tliis  process  in  an  English  patent,  not 
however  in  practice,  native  carbonate  of  barj'ta  is  (Nilcinwl  with  Hr»me  30  per  cent,  of  coal- 
tar,  for  the  purpose  of  rendering  the  mass  porous  as  Avell  as  more  readily  converted  into 
caustic  baryta  at  a  lower  temperature.  Tlie  earb«.»nace<)U"i  mass  is,  after  cooling, 
placed  in  a  retort,  and  kept  at  a  temperature  of  30o^  while  air  and  aqueous  vapour 
are  forced  in,  the  result  being  the  fonnation  of  ammonia  in  considcrablo  quantity',  and 
carbonate  of  barjrta,  which  is  again  used.  Ammonia  is  evolved  from  ball  soda  while 
cooling,  during  the  formation  of  cyanogen  and  cyanide  of  potassium  in  blast  furnaces, 
and  the  formation  of  sal-ammoniac  in  the  process  of  iron  smelting. 

^*'«**55n^JJ2!°'  Industrially  speakin;^',  tho  organic  sources  of  ammonia  are  far 
more  important  than  tho  inorganic.  Among  tho  ammoiiia-yiolding  organic  sub- 
Btances  coal  (8)  takes  tho  first  jdaco ;  the  average  quantity  of  nitrogen — 075  per 
cant.— contained  in  coal  is  converted  into  ammonia  during  tliroo  dilTorcnt  processes 
employing  this  valuable  mineral,  viz. : — 

«.  By  the  dry  distillation  of  coals  for  the  manufacture  of  illuminating?  gas,  ammonia  ih 
obtained  in  the  so-called  gas-,  or  ammoniacal  gas- water,  the  licpiid  mainly  consisting  of 
an   aqueous  solution  of  sesquicarbonate  of  ammonia.     Tho  importance  of  this  source 
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of  ammonia  production  may  be  inferred  from  the  fact  that  the  one  million  tons  of  coaJii 
yejixly  curlKiuized  by  the  London  giis- works  will  yield,  supposing  all  tho  nitrogen  to  be 
converted  into  sal-anunotiiaCi  9723  tons  of  that  salt. 

$.  v\jumouia  ia  abo  formed  when  coal  is  converted  into  coko  in  ooke  OTmu.  Very 
recently  tho  utilisatiou  of  this  aouree  of  ammonia  hiui  been  successfully  carried  on  at  the 
large  coking-  eatjibUtthmcut  at  Alais,  Dcjjfirtement  dti  GuM,  France,  and  aI«o  at  the  ooke 
oycns  belunj;pti)jr  to  tho  S&ciete  de  CarbftniMttHm  de  la  Loin't  near  St»  Ktieime,  wluere,  iii 
ovens  constructed  according  to  Knab's  method,  large  quantities  of  ammoniacal  ealta  i 
produced. 

7.  Ammonia  is  produced  during  the  combustion  of  coal  a*  fuel,  a  portion  of  the  nitro^ 
nontainecf  in  tho  coals  being  eliminated  as  ammonia ;  but  this,  it  should  be  borne  in  mind. 
in  a  consequence  of  imperfect  combustion,  and  consequently  of  loss  of  fuel ;  and  aithon^h 
a  series  of  experiments  have  been  made,  and  apparatus  devise^l  for  c«:»Ilectiiig  and  can- 
det^siiig  the  ammonia  evolved  with  tho  smokCf  thu  industrial  produ'jtioti  from  thifl  t/rmroc 
has  hitherto  been  very  limitt'd. 

'^SSS^Jvlii^"  This  is  tho  most  important  Boxirco  of  ammonia  production.  By 
the  dry  distillation  of  coal«  for  tho  purpose  of  gas  manufacture  there  are  formed,  in 
addition  to  porinanent  ga&os,  various  vapours,  some  of  which  on  c<x>liiig  yield  tar 
and  ammoniacal  liquor,  coiiaisting  ctiefly,  as  before  seated,  of  a  solution  of  sesqiii- 
carbonate  of  ammonia,  but  eoiitaiaing  sulphuret  and  cyanide  of  ammonium,  sulpho- 
cyanide  of  ammonium,  and  sal-ammouiac,  and  being  odourod  by  tarry  matter. 

It  in  obvious  that  the  quantity  of  ammonia  contained  in  this  liiiuor  ia  not  &h 
constant,  but  depends  upon  several  conditions;  for  instance,  tho  quantity  of  nitrog 
ooutained  in  the  gas  coals,  tho  hygroscopic  moist ui-e  of  tho  coals,  and  the  degree  < 
boat  applied  to  tho  rotorta.  The  nearer  the  I'etorts  are  kept  to  a  bright  orange-red 
iJlat,  and  the  longer  the  distillation  is  continued,  the  larger  tho  quantity  of  ammonia 
formed ;  for  at  a  lower  temperature,  of  course  alwaya  above  red  heat,  there  may  be 
formed  aniline,  t-hinoUne,  lopidinc,  and  cyanogen  compounds.  Taking  tho  averagi> 
quantity  of  the  hygroscopic  moisture  of  coals  at  5  per  cent.,  and  tho  nitrogen  at  an 
average  of  075  per  cent,  100  kilos,  of  coal  would  yield,  under  the  most  favourable 
conditions,  o*gi  kilo,  of  ammonia.  According  to  Dr.  A.  W*  IIufmann*s  report  ( 1 
C«jal  >neld^*,  when  distilled,  only  one-third  of  it:^  nitrogen ,  two-thirds  being  ret^i  i  i  1 
the  coke ;  but  no  accurate  experiments  have  been  made  on  this  subject.  It  boa  1 
pmcUcnlly  ascertained  on  the  large  scale,  that  i  cubic  metre  (=  220*096  gallons]  1 
gaa-water  yields  at  least  50  kilos,  of  dry  gulphnte  of  ammonia.  The  amraouia  of  the 
gas-water  may  be  utilised  in  various  ways,  "Where  fuel  is  cheap,  and  crude  sulpha 
of  ammonia  or  crude  sal-ammoniac  marketable  article,  tho  gu3*water  may  bo  at  on 
neutralised  by  an  acid,  and  the  liquid  thus  obtained  evaporated.  This  is  done  in  j 
salo-ammoniac  factory  at  Lix^erpool,  where,  during  the  colder  season  of  the  ye 
300  cwfcs.  weekly  of  this  salt  are  prepared.  Generally,  however,  tho  gi\s«water 
is  submitted  to  a  process  of  distillation,  and  the  ammonia  evolved  converted  into 
sulphftte,  aa  ia  Mallet's  apparatus,  or  into  sal-ammoniac,  as  in  Bosoms  apparatus^ 

MaUtfO  App4r«tii«  This  apparatus,  in  use  in  many  of  the  large  gas-works,  is  shown  in 
vertical  section  in  Pig.  11 1.  The  plan  of  action  is  to  force  steam  into  large  veas^li 
filled  with  ga^-watcT,  the  elTect  being  tho  volatilisation  of  tho  carbonate  of  ammoniJi. 
Sometimes  Umo  is  addcnL  The  volatilised  ammonia — of  course  if  lime  ia  added 
oaustic  ammonia  is  evolved— is  next  conveyed  into  an  arid  liquor,  and  thus 
oonvertod  into  sulphate  of  ammonia.  Tlie  apparatus  consists  of  two  cylindrical 
boiler-plate  Teasels,  A  and  B.  A  is  boated  directly  by  tho  fire,  and  is  provided  with 
d  leaden  tube,  c,  dipping  into  tho  liquid  contained  in  B,  this  veaael  Ijeing  [daci^l 
tx)  catch  tho  waste  heat  from  the  fire.  &  and  e  aro  man -holes;  a  and  a*  stirrers-  By 
means  of  tho  tube  d  tho  fluid  from  B  can  be  ma  olf  iuto  A.    Gafl*water  is  ]K)urod 


into  both  Teasels  ami  Ltmo  added ;  ammonk  is  set  &ee,  while  carbonata  of  lime  and 
milpliuret  of  calcium  ovg  formed,  and  of  course  remain  in  the  resaels  after  the  Tola- 
tiUsation  of  the  ammonia*  The  vessel  d  is  also  filled  with  ammoniacal  water,  and 
when  the  operation  ia  in  progress  this  water,  already  warmed,  id  run  by  the  aid  of 
the  tube  A  from  D  into  B.  E  is  a  gas- water  tank,  from  which  D  is  filled  by  moans  of  ff. 
The  ammonia  sot  free  in  a  is,  with  the  steam,  convey ed  by  the  pipo  c  into  n. 


thence  tlirough  c\  into  the  wash-vessol,  c,  and  thence  agiiin  through  c'\  into  the  fir?t 
condenser,  d.  The  partially  condensed  vapour  now  passes  into  the  condensing 
Te^ael,  F,  the  worm  of  which  is  surrounded  by  cold  wat^?r,  The  dilute  ammonia  ifi 
collected  in  o,  and  forced  by  means  of  the  pump  K  into  c,  whence  it  is  occasionally 
sj-^honod  into  cither  A  or  B,  The  non -condensed  ammoniiical  gas  is  carrietl  from  G, 
thixjugh  a  series  of  Woulfe's  bottles^  the  first  bottle*  n»  containing  olive  oil  for  the 
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ptupose  of  absorbing  any  hyclrocarbond  mixed  with  the  gas ;  tKe  bottle  I  ccmtai]i» 
catustio  soda  ley,  in  ordor  to  purity  the  ammonia  and  retain  impunties ;  the  bottle  3C 
is  half-lillcd  T^itli  distilled  water.  The  ammoniacal  gas  baring  passed  through  1C» 
ifi  conveyed  to  the  large  lead-lined  wooden  tank,  X,  filled  with  dilute  sulphuric  acid 
if  it  is  intended  to  proparo  sulphate  of  ammonia,  or  with  water  for  making  liqtud 
ammonia.  The  vessel  L  is  placed  in  a  tank  of  water ;  t  is  a  Bmall  pipe  for  intro* 
ducing  acid;  while  the  tube  leading  to  M  serves  to  carry  oif  any  unabsorbod  ammunia* 
M  being  also  filled  with  acid, 

itote't  AppaimtQA  In  the  maQufiLctiire  of  liquid  tumnonia  the  apparatus  derifi«d  by  Mr. 
Hose,  and  shown  In  Fig.  112,  may  be  adyimtageou»ly  employed.  It  comn^U  of; — a,  a 
boiler;  8  and  o,  two  vessols  in  which  the  ga»-water  iu  warm^  by  the  Aid  of  the  tube^, 
0  and  ff  throngh  which  and  §  tho  srtoam  and  ammonia  gas  evolrtxl  in  x  yi%»^  to  thu 
absorption  veisols,  n,  k,  and  v^  the  connection  between  k  and  f  bt.'ing  formcMl  by  tbe  gnA- 
ftLtera,  o  and  S*    Tho  ammoniacal  water  can  be  run  into  a  by  meana  of  the  tabes,  /  and  vi^ 
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each  i>i  \vJii4-!i  i'^iitt^->i  witn  a  t.ip  or  r-t-ip*^* -,■[»-.    a 
one-third  with  slaked  linic.     The  cyHndrical  fchcet 
freshly  burnt  rhnrcoal  to  retain  any  cinp^  ■  "i^  >t 
by  the  gas.    llic  absorption  vesBelfi^  i- 
is  poured  into  e  and  T.     When  A  is  fill 


s  \rith   ^'..\- 

aud  n,  ni  li 

■"^-'■ht  be  ^ r 

'.  hOo  ptire  water 
put  in  workinir 


order,  tho  fire  is  kindled,  the  nmmoniaciil  \^\^  cvoUcd  in  A  paiMS  with  tho  utoam  to  n  and 
C,  where  a  portion  of  the  steam  is  condemtofl  and  retained  as  water  in  e  nnd/»  Into  the- 
boiler.  A,  m  fitted  a  tube,  />„  containing  a  thermomtt^  1  '    M,\'  bma'^  fitting*  for  tlm 

better  conduction  of  the  heat;  when  thii  thrnuoiii  2'  to  94",  the  tap  k  is 

ripened,  and  the  tap,  i\  open  up  to  this  time,  abut  in       .....  :i.'^  trsia  to  pajss  int4;>  tli«> 

hydroohlorio  acid  oontainc^l  lu  n,  until  tlie  ve.*wd3  o  and  11  have  Ix^i^n  filled  with  fresh 
charcoal,  an  operation  whieh  ift  required  at  the  beginning  of  the  working  as  well  ns  wht^n 
tho  temperaturo  in  a  has  risen  to  96^  98^  nnd  too'.  This  having  U^-n  done,  the  t«p  h  in. 
n;rain  opened*  \^lien  tho  tcmpt^mturc  hiw  renthed  loj"*^  takin^r  the  lx)iUn^r-p<»mt  <»f 
tlie  liquid  at  lOO%  ail  the  ammonia  u  expcllctl,  and  t}ie  li<[uid  u  then  mw  otf  '  '    _'■ 

fits  stopcock,  ff.     Fresh  lime  having  bwn  put  into  the  boUc-r,  tho  o|m.  ration  i. 

When  the  temperature  in  a  reaches  103*,  the  liquid  in  b  l>ec*jmcs  hent*^i  to  9    .  t 

in  c  to  from  25*  to  30^*.  Tho  vessel  F  contains  from  1 30  to  150  litres  of  water,  wliicii  is  con- 
Terted  into  Hcfuid  ammonia  of  a  sp,  ot.  =  0"9lo  to  o  920.     r  and  n  are  gliiim  w^ifr^ty  tubes. 

iJBiite'i  AppATfttnt.  Thi«  apparatus,  also  intended  for  tie  uiiliNntion  of  gti- 
in  Fig,  113;  a\A  tho  boikr ;  h  the  gas  tube  conn«jctcd  with  tho  worm»  f»  v, 
a  tank,  ff,  filled  with  gas-hquor,  run  into  a  by  njeaus  of  the  tubo  r.    Tho  t 
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basket,  ri«  from  wtuch  the  mother-liqiior  adhering'  to  tho  fiolt  drains  ogr&in  into  the  tanJc,  f 
Evaporation  is  therofore  mmooofisary  with  tbifl  apparatua. 

AmmoDU  from  tmt  9.  Lant,  Or  Stale  urino,  ia  a  very  important  source  of  ammom^ 
WheneTer  nitrogenous  organio  bodies  aro  decaying^,  ammonia  ia  always  forme 
when  the  organio  substance  is  a  protein©  compound,  thoi'e  is  formed  curbouato  of 
ammonia  as  well  as  sulplmi'et  of  ammonium ;  but  when  the  organic  substance  con* 
tains  no  sulphur,  only  carbonate  of  ammonia  is  formed,  as  is  the  case  with  tbeurea, 
CH4NtO,  contained  in  urine,  tho  uroa  by  taking  up  tlio  elements  of  the  water  bciing 
converted  into  carbonate  of  ammonia.  Lant  is  frequently  employed  without  further 
prepuratioti  for  Tarious  purposes,  on  account  of  the  carbonate  <>f  ammonia  it  eon- 
tains,  as,  for  instance,  in  wusbing  wool  and  removing  the  fat  from  flannel  and  other 
woollen  fabrics. 

Tlie  apparatus  exhibited  in  Fig.  114,  contrived  by  Figuera,  and  until  lately  in  opemtion 
at  a  hirgo  establishment  fur  the  ntilJsation  of  the  contents  of  tlie  l&trinM  and  cloojcv  of 
Fans,  conaiflta  of  a  uteam-boilcr,  w,  the  steam  generated  in  whieb  is  conveyed  to  two  laigo 
iix>n  cylinders  fill<?d  with  lant.  The  carbonate  of  ammonia  expelled  is,  "with  tho  steanu 
**nndett3cd  in  a  Icadvn  woiin  ;  the  cooled  liquid  is  conveyed  to  a  tank  filled  with  add,  and 
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thus  converted  into  oarbonato  of  ammoniii.  The  arraagement  of  tho  apnuratus  is  na 
follows  r— The  woollen  vchscI,  a,  eontains  some  350  hoctoliti^  of  lant,  ana  is  tilled  \ 
meanA  of  tho  tube  h,  c  and  c'  arc?  two  cylindriciil  slieet-iron  veaaelB  of  100  hoctolitF 
capacity ;  i»  and  p'  are  similar  ve&fiels^  tho  uso  of  wliich  will  be  presently  cxplttinod. 
the  eommenoeinent  of  the  operation  the  boiler,  w,  is  filled  with  about  i  jo  heotolitT«  of 
exliausted  lant,  t-aken  from  tho  vessels  0  and  c*.  The  lant  in  a,  warm  in  const^quence  of 
having  served  for  condensation,  is  conveyed  to  c  by  a  tube,  aad  thence  by  the  tube  A"  tf» 
c',  cold  lant  being  ponred  into  a.  The  boiler,  w,  \^  fitt^?d  with  three  tub^^  "^iz-t  T, 
ihe  ste&m  pipe,  m,  a  safety  tnbe,  brought  to  within  a  fow  ccntimetrvs  from  the  bottom  of 
the  boiler,  and  carried  nhovo  tho  roof  of  the  fthod,  and  n  a  smaller  safety  tube;  v  is  a  tube 
fitted  with  a  stopcock  The  steam  evolved  in  w  is  carnfti  hy  x  into  c',  evolving  from  the 
Liquid  therein  the  carbonate  of  ammonia  it  holds  in  solution*  The  Oiirlwnate,  with  the  steam 
pasoes  throQgh  t  into  the  vessel,  r,  whit^h  serves  to  retain  any  liquid  carrii:^  over  from  d. 
The  carbonate  of  ammonia  vapoor  now  paades  from  p  thf '^  ^'  ^'  '  ■'■■  ^  *^^  ^^  --irl 
takin;^  np  in  that  vessel  more  carbonate  of  ammonia,  is  conv<  ^  y 

K  (wiiich  again  serves  the  purpose  of  p),  and  thcnco  through  j  i  .  f 

the  condensing  apparatus.  The  condensed  liquor,  a  more  or  1cm  coitcHaiiftttt^d  tHilutioti  tti 
carbonate  of  ammonia,  is  nm  throui^h  i'*  into  s,  a  woollen  vemeU  lead  lined,  and  fUhxl 
with  a  sufficient  quantity  of  Bulphuno  ncid  to  s?i titrate  the  earbonat*  of  ammonia.  The 
whole  opontion  lasts  aUmt  twelve  houn* ;  after  thh  time  tho  wasto  Uqnld  in  tho  boilor  U 
run  off  by  onening  the  stopcock,  v,  and  the  operation  again  repented.  On  an  aforago  thp 
lant  opera  tea  upon  at  Bendy,  near  Paris,  yields  per  cubic  metre  from  9  to  13  Idua*  df 
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phste  of  aiimionia,  an<l  at  each  o]>^ration  200  kilos,  of  thftt  salt  are  obtained  by  Mv^ 
orldiig"  of  one  of  tho  apparatus  jimt  described.  It  \a  stated  that  from  the  800,000  cubic 
tnctre9  of  nrme  yearly  mn  waste  in  Paris  alone*  thejiG  could  be  obtained,  by  proper  treat* 
ment,  7  to  Soo,ooo  kilos,  of  sulphate  of  ammonia. 

AnmoniAfiromKcme.  lo.  By  the  destnictive  distillation  of  animal  substances,  &ucb  aa 
ones,  hoofs  of  horses,  refuse  horn,  skLns,  hides,  decayed  meat,  &c.,  there  is  obtained 
a  series  of  products,  among  winch  carbonate  of  ammonia  prevails,  with  cyanogen 
compounds,  sulphuTot  of  uitmionium,  and  tirry  matter — a  rery  complex  liquid  con- 
taining pyrrol,  bases  of  the  ethyl amin  scries,  pyridin,  CjHj^,  pieolin,  Q^Jijl^, 
lutidin,  CyH^N,  and  collidin,  CgllnK.  Tho  organic  matter  of  these  substances 
contains  from  12  to  18  i^er  cent,  nitrogen;  the  organic  matt<?r  of  bones  contains  18 
per  cent,  of  nitrtsgen,  and,  as  tho  organic  matter  amounts  to  about  one- third  of  tho 
weight  of  the  bones,  these  contain  about  6  per  cent  of  nitrogim.  Buffalo  horn  con- 
tains 17,  waste  woollen  fabrics  10,  and  old  leather  67  per  cent,  of  nitrogen. 

It  is  evident  that  the  quantity  of  ammonia  in  the  products  of  the  dry  distillation 
of  animal  substances  depends  upon  the  kind  and  condition  of  these  materials,  and 
upon  the  tempei-ature  at  which  tho  operation  takes  placo.  Tho  carbonate  of  am- 
monia is  obtained  in  the  condensers  as  a  solid  saline  mass,  the  crude  ml  cornu  cervi^ 
or  in  aqueous  solution  (so  called  spirit  us  c^ntu  eervt),  floating  on  the  surface  of  the 
tar.  At  the  present  time  tho  manufacture  of  ammonia  and  its  salts  from  the  products 
of  tho  dry^  distillation  of  animal  substances  is  a  matter  of  but  limited  industrial 
importance,  owing  to  tho  extended  coal-gas  manufacture.  Indoetl,  diy  distillation 
h  now  only  carried  on  for  tho  purpose  of  obtaining  animal  charcoal,  and  the  occur- 
rence of  ammoniacal  products  is  rather  considered  as  a  necessary  but  unavoiiiable 
evil*  A  largo  quantity  of  animal  matter  is  used  for  the  manufactuj^e  of  phosphorus 
and  of  prussiates,  and  in  these  operations  the  manufacture  of  ammoniacal  salts  is 
either  altogether  out  of  tlie  question  or  effected  ordy  on  a  limited  scale. 

The  apparatus  used  for  the  de&tructive  distillation  of  animal  matter  is  in  eomo  respecte 
dmilar  to  a  coal-gtis  ovon.  Fig.  1 15  exhibitg  the  cun^tTuctioa  in  ct?nenil  uf»©  for  what  is 
tf^rmed  animal  charcoal  buniing.    The  retorts  intended  to  contain  the  bonee  are  set  in 


ffiniaices  anel  fitted  at  the  end  farthest  from  the  month  yirith  tuJwH,  r  **,  communicating 
witJi  leaden  ehaniV>ere,  B,  c,  &C.     In  these  chaui]>?r8  the  vapours  are  rondensed,  fonnin^ 

\  ftaliao  mo^ia,  which  is  puriJiDd  by  siibliimttion  in  thcs  iiT»ti  vessels,  n  d^  fitted  witli 
corers.     If,  instead  of   bones,  nthor  animal  matters,  for  instance,  horn,  woollen 

hair,  and  leather-cuttings^  are  operated  up>n,  the  re«tdt  is  that,  instead  of  wjlid 
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cAfbonate  of  ftnmifttiia,  an  ammoniiical  fluid  of  13''  to  15"  B.  is  obtained,  whiok  IQ117  be  ' 
iitilificd  in  Tuions  ways.    \Miere  the  motiipr-liq-nora  of  milt- works  are  refwiily  obtainable, 
they  may,  especially  ii  rich  in  chloride  of  magnesiiuu,  he  employed  for  the  preparation  of 
tktilo ammoniac  by  usinjor  the  hartdiom  Fi^uit  (omde  carbonate  of  ammonia  sointioD)  for  the 
precdpitation  of  the  cliloride  of  magnemiun  solution. 

ikiomoniAAftaitr^rroduct  When  the  beet-root  juice  is  boiled,  ammonia  is  erolTod  in 
MMu^turk  '  largo  quantitiea,  and  may  bo  utilised  in  the  preparation  0^ 
Hulpliato  of  ammonia.  The  anunomar  yielded  by  tho  jiiios  ia  the  product  of  1 
dewmposition  of  the  aqvartic  add  and  betain  present  ia  the  roots.  According  to 
Henard,  a  beet-root  sugar  manufactory  which  yearly  consumes  200,000  cwts,  of 
beets  might  thus  obtain  887  cwts.  of  sulphate  of  ammonia. 

^^llSlcil'Eite.''^       Sal-ammonmc,  cMonde  of  ammomum,  NH4CI,  consista  in  10c 
parts  of — 

Ammonm,  Ji'Sj  Ammonium,  3375 

Hydrochloric  acid,    68' 2a  ChloiinOj        66'25 

From  tbo  tbirteentli  to  the  middle  of  the  eighteeiith  century  this  salt  was  imports 
into  Europe  exclusdrcly  from  Egyjit,  where  it  was  obtained  by  tbe  combustion  of 
camel's  dimg.  The  camel  ff^eds  almost  exclusivtly  upon  plants  containing  salts,  and 
tho  sal-ammoniac  is  sometimes  found  re^idy  formed  in  the  animal's  stomach.  Tho_ 
sttUammoniac  Having  sublimed  with  the  soot  from  the  combustion  o£  the  dung^  • 
collected  and  refined  by  a  second  sublimation. 

In  localities  where  dung  iB  used  ns  fuel,  it  has  been  tried  to  obtain  sal-ammoniac 
by  combustion  with  common  salt.  The  first  sal-amm  oniac  manufactory  in  Germany 
was  established  by  GraTenborst  Brotbers,  at  Brunswick,  in  1759.  Wo  have  ah 
seen  how  crude  sal-ammoniac  may  be  prepared  from  gaa-watur  or  by  other  mean 

Tho  salt»  no  matter  whence  derived,  i^  purified  by  sublimation  in  cast-iron  can 
drona,  w.  Fig.  1 1 6,  lined  with  fire-clay  *  As  soon  as  tbo  crude  sal-ammoniac  ia  put  into 

Flu,  n6. 
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any  moisture.  Thin  effoetod,  iron  lids,  f.  g.  h,  are  luted  to  tbe  cauldrons ;  the  lids 
con  1)0  readily  moved  by  moans  of  the  pulleys  and  chains  provided  with  counter- 
weights, B,  c,  p.  Instead  of  iron  covers  lead  hoo<l8  sometimes  are  employo<I,  tho 
opening  of  which  i*^  temporanly  cla^d  with  an  iron  disc.  The  hoods  or  covers  j 
always  securely  fastened  to  the  cauldrons^  to  prevent  them  being  forced  off  by  th 
pfieasnro  of  tho  vapours.  Tho  temperature  has  to  bo  regulated  during  the  pr 
with  great  nicety,  for  too  low  a  degree  of  heat  yields  a  loose  salt,  and  with  too  ] 
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%  degred  of  hoat  the  organic  matter  prosont  in  the  cnido  sal-ammoniac  is  liablo  to 
giTft  off  empTTeumatic  matter,  spoiliug  tho  appearance  of  tbo  sublimed  salt  and 
intcarforing  witii  its  good  quality.  Experie^nce  has  proved  that  it  is  expedient  to 
ImTo  the  sublimation  vessels  of  rather  large  fiisto,  2  J  to  3  metres  interior  duimeter. 
W1l€11  the  sublimed  sal-ammoniac  eako  has  attained  a  thickness  of  6  to  12  centime. 
th©  operation  is  discontinued,  and  tho  cake  removed.  The  furnace  is  provided  with 
an  oven  for  drying  the  sal-ammoniac,  this  oven  lieing  shut  with  a  door,  E,  movable 
by  means  of  a  chain  running  over  a  pulley,  and  aided  by  a  counterpoise.  At  th^ 
present  day  sal-ammoniac  is  often  sublimed  in  eai'theuware  vessels  or  large  glass 
fiosks,  the  crude  salt  being  first  mixed  with  20  to  30  per  cent*  of  its  weight  of 
powdered  animal  charcoal,  tlien  dried  over  a  good  fire,  and  next  put  into  the  atone- 
ware  sublimation  vessels,  B  and  M,  Fig,  117,  placed  in  two  rows  over  the  fire-place,  o. 
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L  of  these  vessels  is  50  crutnjj  .  m  height;  tho  openings  arc  surrounded  by  an 
iron  plate  properly  fitted  to  the  neck  and  provided  with  a  flange  upon  which  rest  tho 
corth^iware  vessels  wherein  the  sublimed  sal-ammoniac  is  condensed.  Wlion  glass 
fluaka  aro  used,  the  height  of  these  vessels  is  60  centirns,  by  30  centims.  diameter. 
Sixteen  of  these  flasks,  each  charged  with  9  kilos,  of  the  mixture  of  sal-ammoniac  and 
charcoal,  are  placed  upon  a  furnace  in  cast-iron  pots^  which  are  filled  with  sand. 
Tho  cover  is  in  this  case  a  leaden  plate.  The  sublimation  is  carefully  conducted, 
snd  goes  on  slowly,  lasting  about  12  to  16  hours.  After  this  time,  the  leaden  plates 
are  removed,  bungs  or  plugs  of  cotton-wool  inserted,  and  the  flasks  allowed  to  cool 
very  gradually,  fur  as  the  salt  expands  on  cooling  tho  glavss  vobsgIs  may  bo  broken. 
The  cake  of  sal-ammoniac  when  quite  cool  is  scraped  clean  with  a  knife,  and  after- 
I  presents  a  perfectly  crystalline  appearance*  WTien  it  is  desired  to  obtain  the 
'"ftalt  free  from  iron,  the  crude  suit  should  bo  mixed,  before  the  sublimation,  with 
about  5  per  cent,  of  superphosphate  of  lime,  or  with  3  per  cont,  of  phosphate  of 
aonia ;  by  this  addition  any  chlonde  of  iron  is  decomposed  and  loft  in  the  retort 
\  phosphate.  The  sal-ammoniac  of  coraTnci'CO  is  met  with  either  in  crystalline  state 
\cft  as  a  compa^^t  fibrous  sublimed  material ;  in  tho  latter  case  the  cakes  or  discs  havo 
[A  meniscus  shape,  weigh  abroad  from  5  to  10,  but  iu  England  usually  about  50  kilos.* 
exhibit  the  appeaninco  of  having  been  formed  in  layers.  Crystalline  sal- 
>  Bmmomac  is  obtained  by  adding  to  previously  re-cystallised  sal-ammoniac  a  boiling 
hot  and  saturated  solution  of  tho  same  salt,  bo  as  to  form  a  thickish  magma,  which 
is  next  placed  in  moulds  similar  in  shape  to  those  in  use  for  making  loaf-sugar;  after 
draining,  the  loaf  of  sal-ammoniac  is  removed,  dried,  and  packed  in  paper  ready  for 
kle*    Besides  the  use  made  of  sal-ammoniac  in  chemical  laboratorieSi  by  pharma- 
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ceutists  and  veterinary  surgeons,  it  is  industrially  in  domand  for  tinning,  zincing,  and 
Boldcring,  in  calico-printing  and  dyeing,  in  the  manufacture  of  paints  and  pigments, 
in  the  preparation  of  platinum,  snuff,  and  very  largely  in  tlie  preparation  of  a 
mastic — i  part  of  sal-ammoniac,  a  of  sulphur,  and  50  of  iron-filings — used  in  joini 
Bteam-pipes,  the  sockets  and  spigots  of  iron  gas-  and  water-pipes,  &c,  SaUammonii 
is  also  employed  in  the  preparation  of  pure  ommom'a  Uquida  and  ammomacal  salts, 
Buiphftfc  or  AmmcoLi*.    It  has  boe  n  already  mentioned  that  sulphate  of  ammonia — 

is  met  with  natiTO  in  small  quantities  in  the  mineral  known  as  mascagniiii  in  larj 
quantities  in  the  boracic  acid  of  Tuscany,  while  it  is  also  found  in  Boussingaultite, 

llie  modc9  of  preparing  this  salt  from  the  atamomAcal  crater  of  gas-works«  lant, 
prodocta  of  the  dry  distillation  of  honea,  by  1^©  aid  of  sulphurio  acid,  or  by  double  dec 
position  by  means  of  grpanni  or  sulphate  of  iron,  have  been  already  given.  The  con^ 
tration  of  the  weak  eoliition  by  evaporation  yields  the  cryFtalliiie  salt>  which,  howcTer, 
when  obtained  from  liquors  containing  tarry  matters  ia  usually  of  a  deep  hrown  colour, 
and  has  therefore  to  be  purified  by  being  dia»olred  in  hot  water,  filtered  through  animal 
charcoal,  and  then  ro-crystallised,  the  best  plan  being  to  evoporato  the  eolution  rapidly, 
and  remove  the  salt  gradually  by  raenn^  of  perforated  ladles.  The  salt  is  then  drained  by 
being  plaoed  in  baskets,  and  next  quickly  dried  on  heated  fire-clay  slabs,  in  which  f 
tion  any  particles  of  tar  are  decomposed.  Sulphite  of  ammonia  obtained  by  aatuj.  , 
carbonate  of  AinnKHiia  solution  with  sulphurous  acid  g^  ia,  when  exposed  to  air^  gnidiLiily 
converted  into  sulphate.  Sulplvfito  of  ainmonia  la,  indudtriaUy  speaking,  far  the  most 
important  of  the  ammonia  i^xiat^  liocause  besides  being  very  largely  ui^  in  artificial 
mamirB  mixturcA,  and  by  itwlf  for  th^  same  purpoae,  it  is  ejctcnsively  empdoyed  in  alnm- 
making,  and  is  the  ^tarting-poLut  of  the  preparation  of  chloride  of  lumnonium,  carbonato 
of  ammonia,  liquid  ammoida.  and  other  Einiilar  products. 

cwbcnite  or  A^mooiju  The  Salt  uiied  in  phannacy  and  industry  under  this  name  is>  in 
reality  fiesquiearbonate  of  ammonia,  and  composed  according  to  the  formula 

(XH,)AO„  or  3  ([NHJ^COj)  +  CO.. 
It  is  obtained  either  directly  from  the  products  of  the  distillation  of  boneSi  or  by 
subliming  a  mixture  of  chalk  and  sal-ammoniac. 

Among  the  products  of  the  dry  diatillfltion  of  booeA  w  found  a  solid  sublimatet 
tially  impure  carbonato  of  ammonia,  purified  by  sublimation.  For  pharmaceutic^  u» 
carbonate  of  ammonia  is  prepared  by  submitting  a  mixture  of  either  chloride  of  ammo- 
mum  or  Bulphate  of  ammonia  with  chalk— 4  parta  of  the  ammonia  salt,  4  of  chalk,  and  i 
of  charcoal  powder— to  a  low  red  he&t.  The  product  is  a  perfectly  pure  white  salt ;  during 
the  operation  a  l»rge  quantity  of  ammomacal  gas  is  evolved,  which  is  cither  absorbed  by 
water  or  by  coke  moistened  with  sulphurio  acid.  Kunhclm  decompoeieo  the  sal-ammoniao 
by  subliming  it  witli  corbonato  of  baryta,  chloride  of  barium  being  obtained  aa  a  \yy^ 
pFodnet*  Wlien  freshly  prepared,  carbonate  of  ammonia  ia  a  trauiparent  orystalUne 
mass,  wlucb,  while  absorbing  water  from  the  atmosphere,  and  evolving  ammonia,  |« 
superficially  oonvertcd   Into   bicarbonate   of   ammonia    (hydrocarbonate   of    am] 

^?*  )    CO3).    Owing  to  the  penetrating  odour  emitted  by  this  salt,  it  ia  known  as 

ing  snlta*  Impure  carbonate  of  ammonia  is  also  used  for  cleaning  woollen  luad  oThcr 
fabriest  for  the  removal  of  grease  from  cloth,  and  further,  for  the  extraction  of  the  (•rohil 
pigmeatt*  Pure  fsarbonate  of  ammonia,  bc«idea  its  use  in  pharmacy,  is  an  isgifi^cnt  oi 
Mung  and  Tsoat  powders* 

sntnttflfAmsMMOA.  This  salt^  (NH4}N03,  is  prepared  by  tho  double  deoompositjoii 
of  solutions  of  sulphate  of  ammoxiia  and  nitrate  of  potas»a.  The  s^utphate  of  potassa 
is  first  separated,  and  the  solution  of  ammonia  nitrate  having  been  concentrated  by 
evaporation  is  loft  to  crystallise,  its  crystalline  form  being  similar  to  that  of  salt- 
petre. When  dissolved  in  water  this  salt  produces  oold,  and  is  therefore  used  in 
froexing  mixtures ;  while  the  fact  that  when  strongly  heated  it  is  converted  into 
protoxide  of  nitrogen  and  steam  (N^O  +  2ll,0)  might  perhaps  render  it  of  iis«  ia 
the  preparation  of  a  blasting  powder. 
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S0AP-1£AKIN0. 
faun.  By  soap  we  understand  the  product  of  the  action  of  caustic  alkalies  upon 
neutral  fats,  and  consequently  soap  may  to  all  purposes  bo  considered  to  consist  of 
stearate,  palmitato,  and  oleate  of  potassium  or  sodium.  Although  soap  has  been 
manu^Eictured  from  a  yery  remote  antiquity,  this  industry  did  not  attain  its  present 
development  upon  scientific  and  rational  principles  until  Chovroul  published  the 
results  of  his  researches  on  the  fats,  and  before  the  discovery  of  Leblanc  called  tho 
soda  industry  into  existence. 

Saw  xateruis  of  soap-bouiiig.  The  raw  materials  used  in  soap-boiling,  as  soap  manufac- 
ture is  usually  termed  in  this  country,  are  of  two  kinds,  viz.,  fatty  substances  and 
solutions  of  caustic  alkalies.  Among  the  more  important  fatty  substances  are  tho 
following : — Palm-oil,  of  vegetable  origin,  met  with  in  the  fruit  of  a  palm  tree, 
Avoira  elai$  or  Elais  guianeims  ;  according  to  others,  however,  this  oil  is  derived 
from  the  C0CO8  lutyraceaj  C,  nuciferay  and  Areca  oleracea^  trees  growing  wild,  and 
als3  cultivated  in  Guinea  and  Guiana.  Tho  colour  of  this  oil  is  a  red-yellow,  its 
consistency  that  of  butter,  while  it  possesses  a  strong  but  by  no  means  disagreeable 
odour,  similiar  somewhat  to  that  of  orris  root.  "When  fresh,  this  oil  melts  at  27',  but 
by  becoming  rancid  as  it  is  termed — that  is,  by  its  decomposition  into  glycerine 
and  fi^o  fatty  acids — its  melting  point  rises  to  31*  and  even  to  36".  It  is  chiefly 
composed  of  palmitine  mixed  with  a  small  quantity  of  oleine.  Palmitine,  formerly 
confused  with  margarin,  is  saponified  by  the  alkalies  and  converted  into  palmitate 
of  potassa  or  soda,  while  glycerine  is  set  free : — 

Palmitine  (tripalmitine),  ^3^113^0)3  )  ^^  I  -  f  Glycerine,  ^^Yl\  }  ^3. 
^^""Sl^^^^^^^^  '^     '         )"ipalmitateofpotlssa,3{^-^^3.0}o. 

Palmitic  acid  is  very  similar  to,  and  has  often  been  confused  with,  stearic  acid ; 
the  former  is  in  a  pure  state  a  solid  white  crystalline  mass,  which  fuses  at  62°. 
Palm-oil  often  contains  one-third  of  its  weight  of  this  acid  in  free  state,  and  the 
quantity  increases  with  the  age  of  the  oil.  The  red-yellow  pigment  of  the  palm-oil 
not  being  destroyed  by  its  saponification,  the  soap  made  from  this  oil  is  of  yellow 
colour,  but  if,  previous  to  saponification,  the  oil  is  submitted  to  a  bleaching  process, 
that  is  to  say,  the  pigment  destroyed  by  chemical  agents,  such  as  the  joint  action 
of  bichromate  of  potassa  and  sulphuric  acid,  the  oil  becomes  nearly  white,  and 
yields,  on  being  saponified,  a  white  soap. 

The  illipe,  or  bassia-oil,  very  similar  to  palm-oil,  is  obtained  by  pressure  from  the 
seeds  of  the  Bassia  latifoUa,  a  tree  growing  on  the  slopes  of  the  llimalaya.  At  fii*3t 
the  colour  of  this  oil  is  yellow,  but  by  exposure  to  sunlight  it  becomes  white.  Its 
odour  is  not  very  strong,  but  rather  pleasant.  At  the  ordinary'  temperature  of  the  air 
this  oil  has  the  consistency  of  butter ;  its  sp.  gr.  is  =  0*958 ;  its  melting-point  27° 
to  30P.  It  is  somewhat  soluble  in  alcohol,  readilj-  in  ether,  and  easily  saponified  by 
potassa  and  soda.  In  its  saponification,  oleic  acid  and  two  solid  acids  with  a  variable 
melting-point  are  formed.  The  galam  butter  produced  by  tho  Bassia  huUjracca, 
a  tree  met  with  in  the  interior  of  Africa,  is  sometimes  confounded  with  palm-oil,  to 
which  it  is  very  similar,  but  of  a  deeper  red  colour.  Galam  butter  fuses  at  20*^  to  21°, 
and  is  in  its  properties  very  much  like  palm-oil.  Carapa  oil  and  vateria  tallow 
belong  to  the  same  class  of  fatty  substances;  the  first,  the  product  of  the  kernel  of  a 
gpedes  of  Persoonia^  a  palm  tree  met  with  in  Bengal  and  Coromandel,  is  a  bright 
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yellow  coloured  mnterinl,  wliich  nt  iS**  separates  into  an  oil  and  a  solid  fat ;  knoim 
OS  pine- tallow,  Malabar  tallow,  and  obtained  from  the  fruits  of  the  VaUria  indica, 
ifl  a  white -yellow  waxlikc-tallow,  melting  at  35°.  Mafiirra  tallow  is  obtained  by 
boiling  in  water  the  seeds  or  kernels  of  tho  mafurra  treo  found  at  Mozambique  m 
thiB  seed,  very  rarely  seen  in  Europe,  is  of  the  siiie  of  small  cacao  beans.  Maf 
seed  also  occurs  in  tho  Islands  of  Hadaga^car  and  Isle  de  E^union,  The  fat  obtaine 
from  this  seed  has  a  yellow  colour,  the  gmell  of  cacao  butter,  and  melts  more  readil]| 
than  tallow,  Tho  fat  of  tho  seeds  of  the  Brtttdonia  imlka^  employed  at  Goa,  inst< 
of  butter,  also  for  medicinal  purposes,  and  for  urn  in  lamps,  is  nearlj*  white ;  melli 
at  40**,  and  is  insoluble  in  cold,  but  somewhat  soluble  in  boiling  alcohol.  Cocoa-nut 
oil,  obtained  from  the  komcia  of  tho  cocoa-nut  {Cocoa  nucf/tTa^  C  hutt/rQcca)^  is 
largely  used  in  the  tropica,  where  the  treo  aljounds.  This  oil  is  impoiied  into 
Europe,  and  is  also  obtained  here  by  pressing  and  by  treating  tho  kernels  of 
the  imported  nuts  with  sulphide  of  carbon.  It  is  white,  has  the  cx»nsifitency  of 
lartl,  but  possesses  a  disa^eeablo  odour  and  a  somewhat  foliated  texture;  its 
melting-point  is  22°.  Chemically  coiisiden?d  this  fat  consists  of  a  peculiar  substance 
termed  cocinin,  with  small  quantities  of  oleino ;  by  saponification  the  former  yields 
glycerine  and  cocinic  acid  (cocoa-stearic  acid),  Ci^Jl2^02*  W.  Wicke  obtained 
i860,  61*57  per  cent  of  fat  from  tho  kernels.  During  the  last  twenty  years  co 
nut  oil  has  been  largely  used  for  st;>ap-boiling,  because  it  is  an  excellent  material  for^ 
the  preparation  of  so-called  fulling  soaps.  Tallow  is  obtained  by  molting  the  fatty 
matter  deposited  in  the  cellular  tissue  of  the  abdominal  cavity  of  cattle  and  sheep^ 
The  hardness  of  the  tallow  depends  jmrtly  upon  the  animals  from  which  it 
doriYed*  partly  upon  tho  food  they  eat ;  if  tho  food  bo  fodder,  tho  hardest  tallow  i 
proelucod,  while  if  it  consists  of  tho  refuse  from  breweries  and  distilleries  the  tallon 
is  soft.  Russian  tallow  owes  its  hardness  to  the  fact  that  the  cattle  in  that  country 
are  for  fully  eight  months  in  the  year  kept  on  dry  fodder.  GcneniUy  tallow  melts  at 
37*,  and  contains  75  per  cent*  of  its  weight  of  solid  fatty  matter,,  stearin  (tristearin) 
and  palmitin  (tripalmitin),  tho  remainder  being  oloin.  If  previous  to  being  melted— 
that  Lii,  separated  by  the  application  of  heat  from  the  celltilar  tissue  and  m*jmbrancs 
in  which  it  is  enclosed — tallow  is  preserved  for  too  long  a  time,  it  obtains  a 
bad  odour,  removed  with  difficulty.  The  operation  known  as  taIlow*melting  cim, 
be  performetl  in  two  ways,  either  by  simply  applying  heat,  which  Cftuses 
cellular  tissue  to  shrink  and  become  dry,  tho  fat  being  expelled ;  or  the  membrane 
and  cellular  tissue  are  destroyed  by  chemical  agents,  viz.,  the  use  of  01  the 
sulphuric  or  uitrio  acid,  or  caustic  ley.  Among  these  methods,  that  of  D'Arcet,  in 
which  sulphuric  acid  is  used,  and  the  operation  carried  on  in  closed  vessels,  is  one 
of  the  best ;  the  sulphuric  acid  decomposes  the  vapours  which  are  given  off  and 
destroys  their  foL'tidity,  while  more  tallow  and  of  a  better  quality  is  obtained.  Tho 
vapours  are  carried  either  into  the  furnace  or  into  condensing  apparatus*  D*Arcot 
recommends  that  to  100  parts  of  cut-up  tallow,  i  part  of  sulphuric  acid  and  50 
parts  of  water  should  bo  U9*3d.  WhUo  the  loss  by  tho  ordinary  method  of  tallow- 
melting  amounts  to  15  per  cent.,  it  Is  only  5  to  8  |>cr  cent  when  this  meUiod  is 
employed. 

Lard,  owing  to  its  high  price,  is  rarely  used  in  Europe  for  making  soap,  but  is 
largely  employed  in  the  United  States,  whore,  especially  at  Cincinnati,  cnormouA. 
quantities  of  lard  are  converted  into  a  solid  fat  (4a  to  44  per  cent.),  and  into  a  i 
oil  (laid  oil,  56  to  5S  per  cent.) 
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Olire-oil  ia  obtained  from  tho  fruit  of  the  olive  tree,  Olea  Europea,  belonging 
to  the  natural  order  of  the  Jaaminecp,  and  largely  cultivated  in  tho  whole  of  Southern 
Europe  and  the  coastlands  of  North  Africa. 

In  order  to  obtain  an  oil  of  good  quality  it  is  essential  that  the  olives  should 
be  gathered  when  they  are  fully  ripe,  which  happens  in  the  months  of  November  and 
December.  Unripe  olives  j-ield  an  oil  having  a  harsh  bitter  taste,  while,  again,  over- 
ripe firuit  yields  a  thick  oil,  readily  becoming  rancid.  The  methotl  of  oil  extraction 
from  olives  as  carried  on  in  Sciuthem  France  is  the  foUov^'ing : — The  ripe  olives  are 
first  reduced  to  pulp  in  a  mill ;  this  pulp  is  put  into  sacks  made  of  strong  canvas, 
or,  better,  of  horsehair,  and  submitted  to  pressure.  Tho  first  portion  of  oil  thus 
obtained  is  the  best,  and  is  known  as  virgin  oil,  of  huile  vierge.  In  order  to  eliminate 
all  tho  oil  as  much  as  possible,  tho  cake,  after  tho  first  pressing,  is  treated  with 
boiling  water  and  again  pressed.  Tho  oil  thus  obtained  possesses  a  fine  yellow 
colour,  but  ia  more  liable  to  become  rancid  than  tho  virgin  oil.  Notwithstanding  the 
second  pressure  the  cake  retains  enough  oil  to  make  it  worth  while  to  submit  it  to 
further  operation.  Some  kinds  of  olive-oil  obtained  by  the  second  pressing  are 
employed,  under  the  name  of  Gallipoli  oil,  in  dyeing  Turkey-rod.  This  oil  has  an 
acid  reaction,  consequent  upon  its  containing  free  fatty  a(*ids,  is  turbid,  rancid,  and 
possessed  of  the  property  of  forming  with  carbonates  of  alkalies  a  kind  of  emulsion, 
which  in  dyeing  is  kno'wn  as  the  white-bath.  The  olive-oil  used  for  the  purpose  of 
greasing  wool  in  spinning  is  known  as  lampunt-oil.  Under  the  name  of  Jltiile  (Ten/er 
is  understood  the  olive-oil  deposited  in  the  tanks,  whore  the  wtitor  used  for  adding 
to  the  olives  about  to  be  pressed  is  kept ;  it  is  used  in  tho  manufacture  of  soap. 
During  tho  last  few  years  it  has  become  the  custom  to  exliaust  the  olives  with 
sulphide  of  carbon  instead  of  i)rossing  them. 

Fish-oil,  seal-oil,  obtained  from  tlio  thick  skin  of  sevei'al  varieties  of  mammalia 
inhabiting  tho  seas,  especially  of  the  colder  regions  of  the  globe,  and  belonging  to  the 
oetacea  and  phocena,  varies  soim^what  in  its  propertit.»s,  according  to  the  mode 
of  preparation  and  the  animal  from  which  it  has  been  derived.  The  sp.  gr.  of  this  oil 
is  0*927  at  20'' ;  when  cooled  to  6^  it  deposits  tuAid  fat ;  it  is  readily  soluble  in 
alcohol,  and  consists  of  oleine,  stoarine,  and  small  quantities  of  tho  glycerides 
of  valerianic  and  similar  fatty  acids.  Fish-oil,  besides  being  an  important  material 
in  soap-making,  is  also  used  in  tanning,  tawing,  and  leather-dros.sing  operations. 
Hemp-oil,  obtained  from  tho  hemp-seed  {Cannabis  saiiva)  containing  about  25  per 
cent,  of  oil,  is  chiefly  used  for  making  black,  green,  or  soft  soap.  "When  fresh 
pressed,  hemp-oil  possesses  a  bright  green  colour,  whioh  in  time  becomes  a  brown- 
yellow.  Linseed-oil,  like  tho  former  u  so-called  drj-ing  oil,  is  obtained  from  tho  well- 
known  linseed  {Linmn  vsitnthsimiim)  containing  about  22  per  cent,  of  this  oil, 
the  sp.  gr.  of  which  is  at  12°=  0*9395.  This  oil  consists  chiefly  of  a  peculiar 
glyceride  which  on  being  saponified  yields  a  fatty  acid  dilfercnt  from  oleic  acid ; 
moreover,  linseed-oil  contains  some  palmitin.  Castor-oil,  from  JUa'nua  communis, 
behaves  when  saponified  very  much  like  cocoa-nut  oil.  As  yet,  however,  this  oil  is 
not  used  in  soap-making,  llapeseed-oil,  as  it  occurs  naturally,  does  not  yield  so 
good  a  soap  when  saponified  as  v.'hen  tho  oil  is  fii-st  convei*ted  into  rapselaidin, 
which,  according  to  A.  Miiller,  is  done  in  the  following  manner : — To  i  cwt.  of  the  oil 
is  added  i  lb.  of  nitric  acid  diluted  with  ij  to  2  lbs.  of  water ;  next  some  iron  nails 
aio  added,  and  tho  acid  fluid  is  well  stirred  through  the  oil  with  a  wooden  spatula. 
By  the  action  of  the  nitrous  acid  set  free,  tho  oil  is  gradually  converted  into  a  yollow 
17 
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fcityaUlltf^liieh  Aft^i*  having  been  left  standing  for  some  weeks  in  order  to  salirliiy, 
mKflsB  toectly  saponified  ^"itli  soda.  The  oleic  acid  largely  obtained  in  the  mjinu* 
facture  of  stearin©  ciindlea  is  a  vet)*  important  mat^^rial  in  soap-making.  This  acid 
is  a  solution  of  impure  stearic  and  palmitic  acids  in  oleic  acid. 

Colophonium,  the  lesidue  of  the  distillation  of  oil  of  turpentine,  a  yellow  or 
hlack-brown  coloured  material,  is  largely  imported  from  tbo  United  State*  for  the 
pm'poBO  of  preparing  resin  soaps,  for  sizing  paper,  and  for  the  preparation  of  yellow 
eoapSf  which  are  resin  and  tallow  saponified  together  in  certain  proportions, 

jjtj.  The  other  important  material  ruquired  for  soap-making  is  the  K>y ;  that  is  to 
say,  au  aqueous  solution  of  caustic  potassa  or  caustic  soda.  Ley  is  not  so  much  a 
constituent  of  soap  as  the  inaterinl  by  which  the  chemical  prtKjesa  termed  saponi- 
fication is  brought  about.  Usually  the  soap-t*oiIer  prepares  the  caustic  ley,  and 
formerly  wood -ash  or  potash  was  used  for  tliis  purpose,  but  at  present  soda  is  moro 
extensively  emidoyed.  The  conversion  of  the  alkaline  ciirbonates  into  caustic 
alkalies  is  effected  by  means  of  quick-lirae ;  but  abixjad  chemical  manu£actiireii& 
produce  caustic  soda,  and  sell  it  to  the  8<^»up- boilers  under  the  name  of  soap-stone. 

The  prcjpArotion  of  poap-lMiUers'  ley  from  wood-a«h  is  carried  on  in  the  foUowijig 
manner :— The  sift«l  ash  is  placed  on  n  jwived  floor,  and  moisttnod  with  enonsrh  water  U» 
render  it  eoroewhut  pjisty.  This  paste  is  then  fonned  into  henpa,  constnK^tt-d  with  an  in- 
dentation, into  which  the  caustic  lime  in  quantities  o£  one-tenth  to  onc-twclfth  of  the  weight 
of  the  a«h  is  pluce^l.  Over  tho  Hmo  is  next  poured  sufficient  water  to  cnn«?  it  to  fdalee, 
care  being  t^tkcn  to  cover  the  linie  up  with  ash»  The  a«h  and  lime  having  been  thor«>ughly 
mixed,  are  plnced  in  a  tank,  fchaped  like  a  cone  from  which  one-fourth  of  the  narrow 
part  ia  cut  otf,  and  fitted  neftr  the  bottom  with  a  tap.  At  a  diaftance  of  some  five  inches 
from  the  lKttt<»m  a  fal>*e  oud  perforated  bottom  is  fixed,  bo  that  tlie  ley  can  collect  between 
the  two  bcittom^.  Under  tho  tap  a  large  iron  tank  is  placed  to  receive  the  ley.  The  mixture 
of  iu«h  and  lime  having  been  placed  upon  a  hiyer  of  straw  upon  the  perforated  bottom, 
und  care  havinf?  Ix^cn  taken  to  squee/e  the  mnss  together,  wnter  is  jM^ured  over  it  for 
the  purpose  of  lixi\'iatini?-  tho  nmteriul  ttntil  contpletfly  exhaiLsted.  Vaually  three  dxi5(?n?nt 
kind»  of  lev  are  prepared  and  kept,  xvl,^i.  Strong-  ley,  iS  to  20  per  cent,  of  alkali; 
2.  Middling  strong  lev,  8  to  10  per  cent,  of  alkali ;  and  3."  Weak  Icy»  containinfr  nnly  i  to  4 
per  cent  of  alkali.    Ihis  weak  liquor  i a  commonly  used  instead  of  water  fi  y  '  ing; 

a  new  ash  and  lime  mixture.    Tho  fiodium-idumiimtc  obtained  by  tho  dec*  of 

cryolite  is  used  in  the  United  States  under  Iho  name  of  **  Nat  ran  a  re  fined  muj... ,     ^or 

<fOiip  manufacturing  purpoi^es.  Sulphnret  of  sodium  may  alee  be  nsei  instead  of  eaiutif! 
alkali. 

Ttin>r7  or  ^f pcmiiicAtion.  Boforo  Chovreul  piiblisbcd  his  researches,  it  wa«  Buppoeod 
that  fats  and  oils  possessed  tho  proiRuty  of  combining  -with  alkalies,  CbeTrmil 
found,  however,  that  fats  separated  lixjra  their  state  of  combinatioTi  as  soaps 
possessed  properties  differing  from  those  existing  before  they  were  saiionified,  the 
tact  being  that  the  substances  ve  are  acquainted  with  as  oil  or  fats  are  compound« 
uf  peculiar  acids,  stearic,  palmitic,  margaric,  oleic,  all  non- vol  utile  subiitances  ; 
while  certain  fats  which  give  off  a  jweullar  odom^  contain  in  addition  to  theses  amh 
volatile  fatty  acids,  as  butyric,  capric,  capronic,  valerianic,  &c.  The  volatile  acids 
in  tho  ordinary  oils  and  fats  are  combined  with  a  sweet  material,  discovered  by 
Scheole,  and  known  itnder  the  nam©  of  glycerine. 

According  to  Berthelot's  researches  it  is  held  that  all  the  oils  and  fats  ^^ch  nro 
used  in  sonp-mitking  are  ethers  of  glycerine,  C^HsOj,  that  substance  being  viewi?d  as  a 

trivalent  alcohol,  ^tJ^  }  Oy  Palmitin,  for  instance,  tho  main  canatituent  of  palm- 
oil,  is  glycerlyl-tripalmitate,  or  tripalmitin,  that  ia  to  say,  glycerine  in  which  ihi^m 

OH  \ 

atoms  of  hydrogen  are  replaced  bj  the  radical  of  palmitic  acid,    ?,  ^  q  J  Oy 
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ae  (tristearme)  and  oleine  (trioleine)  have  an  analogous  conatitutiou.    Wht^n 
&t9,  take  palm-oil  lor  instance,  are  saponified  with  caustic  alkalies,  say  caustic 
,  the  fat — that  is»  m  chemical  parlance,  the  ether^s  decomposed  into  alcohol,  f.c, 
|^l^C€iine,  and  sodium  palmitate,  i\e,,  soap,  according  to  the  following  equation: — 

^and  Caustic  Boda.  sNttOH,      j  -2  j  ^^^  g^^^  ^^  ^^^^^  palmitate.  3  }  §«^J'^  j  O. 

Hie  glycoriuo  formed  during  the  process  of  saponiJic^jtion  remains,  after  the 
separation  of  the  soap,  disaolvod  in  the  mother-liquor  from  which  it  is  prepared. 
It  is  clear  that  such  fats  aa  palm-  and  cocoa-nut  oil,  which  in  their  ordinary  sijite 
contain  fatty  acitls,  are  mororeudily  saponified  than  the  perfectly  neutral  fat«,  viz., 
olive-oil  and  tallow;  wbile  the  oleic  acid  df'rived  from  the  etearino  candle  manu- 
factories is  readily  saponified  by  carbonated  alkalies.  This  observation  applies  to 
colophonium  (resiu),  which  con.siats  essentially  of  a  peculiar  acid,  piuio  acid,  but 
in  these  inatancos  no  real  Baponifica.tion  takea  plac«,  inasmuch  as  no  glycerine  is 
formed.  The  decomposition  of  a  fat  by  an  alkali  does  net  take  place  suddenly  and 
throughout  the  whole  of  the  fat  ot  once,  in  the  manner  of  inorganic  salts,  but  passes 
through  several  stages,  the  first  being  the  fomiation  of  an  emulsion  of  ley  and  fat ; 
pxt  fat  acids  and  fat  acid  salts  are  formed,  retaining  the  rest  of  the  fatty  matter  in 
?pejision ;  gradually  tho  free  fatty  matter  is  saponified,  and  the  fat  acid  ealt^*  are 
converted  into  neutral  salts,  or  in  other  words,  aoap. 
When  caustic  potassa  is  used,  soft  soaps  are  produced,  whilo  the  hard  soups 
dt  from  the  use  of  caustic  soda*  We  distinguish  soaps : — 
a.  As  hard  soaps  or  soda  soaps. 
3.  As  soft  soaps  or  potoaaa  soaps. 

Accoitliug  to  the?  fatty  substances  used  in  scuip-boiling,  Boape   Br&  diBtinguiahed  at 
Udlfjw,  oil,  pnlm-oil,  oleic  acid,  cocoa-nut,  fisb'Oil,  and  remn  MMipe,  &o.     TechmcaUy,  hasd 
apA  may  be  divided  mto : — 

1.  Nnclena  soape. 

2.  Smooth  soapi. 

3.  Fulling  soape. 

-  .  ;31bB  tenu  nucleua  soap  dcisigiiAtes  the  soap  that  after  having  been  made  and  (wparatcd 
iqiitheky  by  the  aid  of  common  salt  is  boiled  do^^n  tea  uniform  ina.M.*i,  free  from  air 
ti>db%le»,  and  t  shibiting  after  solidiiiaitioa  Bmall  cryetolljne  pftrticlcfl.  The  portion  of  the 
Mwp  which  does  not  wpanite  in  that  stat<J  assumes,  by  becoming  mixed  with  a  birge  or 
Rm^er  quantity  of  tho  impuriti«?s  of  the  ley,  a  mottled  appearance.  Tlie  soap  dtrcctly 
Rpparatin^'  by  the  addition  of  salt  into  ^rlobules  or  nuclei  is  pure  soap,  free  from  an  v 
adjieriniB:  ley,  water,  or  jsflycerine.  Smooth  soap  is  obtained  by  boiling  for  some  time  MitJj 
'her  water  or  weuk  ley,  the  soap  takinar  up  a  portion  of  tho  water,  and  loftijig  the  ery.-*- 
no  and  mottled  a ppeamnce.  In  tho  preparuticm  of  this  fioap  it  is  first  sepa raited  by 
'^^  f -"Fu  the  mothcr-lifjuor  (in  saline  Hrdutions  iwap  is  insoluble),  but  after  that 
ip  is  boded  with  weak  ley.  ITie  only  diffcrene«  cxi^iting  ItetwfiU  the 
rokii  ^  the  latter  contaian  more  water  thuu  the  former.     Tlio  fulUnjir  soup,  at 

1  that  chiefly  met  with  in  commerce,  is  essentially  the  worst  kind  of  wjap»  as  an 
f|uantity  of  salt  is  u»ed,  the  result  being-  that  the  entire  contents  of  tho  boiUng- 
'    '   ire t her.    The  process  of  boiling  is  continued  until  on  cxiolinjjf  the  mass 
ap  isremovetl,  cut  into  bar»,  and  wild.     Bfiap  made  fri:im  cocoa-nut  oil 
p  .  ,         lly  the  proi>crty  of  beinpr  hard  and  dry,  notwithsftandiniK'  that  it  t^utains 

ii  Urge  amount  of  water :  consequently  the  use  of  cocoa-nut  oil,  both  alone  and  with  other 
fat*!  to  which  it  imparts  its  property,  Ls  ]prreatly  on  tlie  increase.     Soaps  of  this  kind  will 
pM>*luce  250  to  300  parts  of  soap  from  loo  of  oil. 
CMrf  v»ririii-»       Tlio  German  tjillow  soap  or  enrd  soap  ia  eauentiaUy  a  mixture  of  etearate 
uf  s«nip*       of  soda  an(i  palmitate  of  soda,  and  is  commonly  prepared  indirectly  by  first 
if ving-  tallow  with  caustic  potasaa,  and  next  converting,  by  means  of  uummon  salt,  the 
aiate  and  palmitate  of  potassa  into  the  correifponding  soda  compoond. 
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tubstances.  Soap  of  tHU  kind  (in  Oernmnj' known  &3  Eschwcji^r  a^iapf&^S^^TnSo 
iTMhIj  mJ^  quite  hard  and  dij,  thcmgli  contstning  such  a  large  quantity  of  water.  It  u 
possible  to  make  from  loo  kilos,  of  fatty  matter  300  kilos,  of  good,  bright,  hard  aoap. 

The  manufacture  of  cocoa-nut  oil  soap  reaooiblos  that  of  the  other  kinds  of  soap. 
With  a  weak  ley  coeoa-nut  oil  di03  not  form  the  emuli*ion  commoato  other  aoaps, 
but  swims  on  the  surface  aa  a  clear  fat;  when»  by  boiling,  the  ley  has  reached  a 
proper  consisttmco,  tho  oil  sudd-suly  saponifies.  A  strong"  soda-ley  is  used  in  th*^ 
preparation  of  this  kind  of  soap.  Oocoft-nut  oil  in  stiponifying  does  not  separate 
from  tlio  under-ley^  therefore  potaah-ley  is  never  employed.  To  prevent  the  separa- 
tion of  the  soap  from  themis:iug,  the  quantity  of  caii3tic-loy  used  must  bo  accurately 
measured.  Pure  cofjoa-nut  oil  soap  htirdeas  quickly.  It  ia  white,  like  alabaster, 
shiny,  solt,  and  easily  lathered  ;  it  haF»  however,  a  peculiarly  unpleasant  Bniell, 
which  cannot  bo  entirely  masked  by  any  perfume.  Cocoa -nut  oil  is  seldom  used 
alone,  biit  usually  as  an  addition  to  palm-oil  and  tiillow.  Tkis  kind  of  soap  can  bo 
made  without  boiling,  by  merely  heating  to  80°  C,  by  means  of  steam,  to  melt  the 
fats,  a  strong  soda-ley  being  added,  and  the  mixture  quickly  stirred.  This  is  known 
as  the  **  cold  method,"  and  soap  can  be  thus  prepared  in  large  quantities  in  a  short 
time,  and  is  generally  hard  and  dry.  Wien  exposed  to  the  air  for  a  month  or  so, 
tho  soap  loses  oonsiderably  in  weight ,  and  becomes  effloresced  suporfieially.  B.  linger 
(1869)  prepares  a  soap  in  the  following  manner :— He  saponifies  palm-oil  with  soda- 
ley  and  salt  as  usual.  The  product  xs  piilmitato  of  soda.  At  tho  same  timo  cocoa- 
nut  oil  ia  saponified  by  means  of  carbonated  and  caustic  soda-loy ;  this  is  added  to 
the  i>ahri-oil  scjjip,  and  they  are  boiled.  As  a  ruio  there  are  taken  2  parts  of  palm-oil 
to  t  part  of  cocoa-nut  oil ;  and  to  loo  parts  of  tho  latter  there  arc  added  I4'3  pnrts  ot 
caustic  sfHla  (Ka^O)  and  I2*8  parts  of  carbonate  of  soda.  According  to  Unger's 
o&pcriment^,  this  soap  contains  5  mols.  palmitate  of  soda^  i  niol.  carbonate  of  soda. 
and  X  mol,  water.  The  "marbling**  or  *'mottliug"  is  effected  in  tho  following 
manner: — Colouring mattei^,  oxide  of  ircn»  brown-red,  Frunkfort- black,  nre  mixed 
with  a  small  portion  of  soap  ;  this  is  poured  into  the  rest  of  tho  soap,  with  wludi 
it  forms  layers  of  uneqiml  thickness,  Tho  entiio  muss  is  now  stirivMl,  and  hj 
this  moans  a  marbled  or  grained  appearance  impaiied. 

soft'BMp.  As  before  mentioned,  potash  forms  with  fats  and  oils  Only  a  W^-9oaK 
which  docs  not  dr^-  when  exposed  to  the  air,  but  on  tho  contrary  absorbs  watod^^l 
remaining  constantly  like  a  jelly.  As  a  rule,  xh^s^  so-called  soaps  aro  impufS^^ 
solutions  of  oleate  of  potash  in  an  excess  of  potash-ley,  mixetl  with  the  glycerine 
separated  in  tho  saponification*  Soft-soaps  can  be  j^repared  only  with  jxitash* 
leys,  although  in  practice  i  part  of  soda-ley  is  substituttd  for  a  part  of  tho  potash 
to  assist  in  somewhat  hardening  the  soap.  There  is  no  sepaitition  of  thi?  soap 
from  the  under-ley,  which  contains  all  the  impurities  ;  consequently  thc^  iu*o  disse- 
minated in  the  soap. 

In  consequence  of  the  solubility  and  cleansing  properties  of  soft-soap,  it«  iw©  Is 
preferred  to  that  of  soda-soap  in  the  mauufiictur«  of  cloth  and  woollen  articles.  It 
will  have  been  seen  that  the  difference  in  manufacturing  hard-  and  soft-soiaps 
consists  in  employing  potash -ley  for  tho  latter,  and  soda  for  the  former,  Wood-ttfih 
is  not  used  in  preparing  the  potash-ley,  but  always  pure  potash  ;  tho  prepAiatioii 
follows  the  usual  oiothod  with  caustic  lime.  The  fata  used  ore  niixtunsa  of  tho 
vegetable  and  animal  oils,  as  the  fish-oil  known  as  "  Sotithem,**  with  rape,  hemp^  and 
linseed  oils.     The  particuhir  oil  used  varies  according  to  the  time  of  the  year  and 
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market  price :  in  winter  the  soit  ons  are  employed*;  in  summer  the  firmer  oils. 
Soft-soap  is  generally  used  for  fuUing  and  scouring ;  but  abroad  it  is  sometimes 
used  for  washing  linen,  to  which  it  imparts  a  most  disagreeable  fishy  odour,  hardly 
concealed  by  any  amount  of  perfume.  The  best  soft-soap  is  made  from  lieuij  -•*♦  ed 
oil,  this  oil  imparting  a  green  tinge,  which,  however,  can  bo  imitated  by  adding 
indigo  to  inferior  soaps.  Summer  soap,  as  it  is  termed,  contains,  owing  to  the  fat 
employed,  more  palmitate  of  potash  in  proportion  to  oleate  than  the  winter  soap. 
Sometimes  saponification  is  effected  with  a  mixture  of  hemp-  and  palm-oil  or 
tallow,  of  train-oil  and  tallow,  &c. 

The  boUing  of  the  soft-soap  commences  with  a  strong  ley  containing  8  to  10  per 
cent,  potash,  by  which  an  emulsion  is  formed. "  The  scum  is  dashed  about  with  a 
stick,  the  beating-stick,  and  by  this  means  all  the  alkali  is  caused  to  be  taken  up. 
A  fresh  ley  is  then  added,  and  the  boiling  continued,  until  the  soap  upon  cooling 
stiffens  into  a  clear  tough  mass.  'WTien  the  soap  contains  too  much  caustic  alkali, 
which  can  bo  ascertained  by  the  taste,  more  oil  is  added.  The  dear-hoilintj  now 
conmionces,  during  which  the  excess  of  water  is  removed.  To  avoid  lengthy 
evaporation  a  concentrated  ley  is  employed,  and  the  soap,  instead  of  bubbling  up, 
has  its  surface  covered  with  blisters  as  largo  as  the  hand ;  these  blisters  are  termed 
leaves.  When  the  boiling  is  finished — ascertained  by  placing  some  of  the  soap  to 
eool  on  a  glass  plate,  from  which,  if  firm,  it  can  bo  separated — the  soap  is  cooled, 
and  stored  in  barrels. 

Soft-soap  will  take  up  a  considerable  quantity  of  water-glass  solution  without 
alteration.  Recently,  for  fulling,  there  has  been  added  to  the  soft-soap  a  solution  of 
sulphate  of  potash,  or  a  mixture  of  alum  and  common  salt  and  also  potato-starch. 

Vtffoot  otiMr  Soaps.  Another  soap  is  prepared  from  hog's-Iard,  and  when  scented  with  oil 
of  almonds  or  essence  of  mirbano  (nitrobenzol)  is  nold  as  almond-soap,  and  as  a  cosmetic. 
A  soap  is  made  from  the  grease  of  sheep's- wool.  The  so-called  bone-soap  is  nothing  more 
than  a  mixture  of  the  usual  hard  or  cocoa-nut  oil  soap  with  the  jelly  from  bones.  The  bones 
are  first  treated  with  muriatic  acid  to  separate  the  phosphate  of  calcium.  A  variety  of 
bone-soap  is  the  Liverpool  common  soap,  llint-soap  is  an  oil-  or  tallow-soap  with  wliicli 
silioeous  earth  is  mixed.  When  powdered  pumice-stone  is  substituted  for  the  siliceous 
earth,  the  soap  is  called  pumice-^o^i^.  In  America  as  well  a?  in  England  a  water-glasH 
solation  is  substituted  for  the  siliceous  earth,  although  according  to  Seeber  the  resiilt  is 
not  80  efficacious.  Cocoa-nut  oil  soap,  however,  containing  24  per  cent,  silicato  of  sodjv 
and  50  per  cent,  jrater,  is  very  firm.  In  the  United  States  water-glass  is  added  to  the  soap 
when,  still  hot  from  the  boUing-pan,  it  is  poured  into  the  moulds.  The  water-glass  solu- 
tion is  of  a  density  =  35*  B.  (=  1*31  sp.  g-r.) ;  the  proportion  of  soap  is  60  per  cent.  This 
kind  of  water-glass  soap  generally  sets  hard.  Recently  cryolite  and  aluminate  of  soda 
have  been  employed. 

Toilet  soops.       On  account  of  the  reduction  in  tlio  duty  toilet  soaps  are  now  very 
largely  in  demand.     They  are  generally  mado  by  ro-molting    and  perfuming 
common  soap.    English  toilet  soap  is  considered  the  best,  as  that  of  France  and 
Germany  being  perfumed  while  cold  is  not  so  equable  a  product. 
There  are  three  modes  of  preparing  toilet  soap,  viz. : — 

1.  Bj"  re-molting  raw  soap  ; 

2.  By  tho  cold  perfuming  of  odourless  soap ; 

3.  By  direct  preparation. 

I.  In  the  method  of  re-melting,  good  raw  soap  is  scraped  into  a  boiling  pan,  and 
after  molting  and  skimming  the  perfume  is  added.  The  soap  is  then  cast  in  moulds 
of  the  required  form.  2.  In  tho  method  of  perfuming  in  the  cold,  odourless  soap  is 
cut  into  fine  shi^eds  by  a  machine ;  tho  perfume  is  then  added,  and  tho  soap  i-j 


cbemicjll  technology. 


passcxl  between  rollers,  the  sheets  or  bars  thus  formed  bomg  cut  into  tabloiflf 
8tnive,  of  Loipsic,  has  invont«d  a  machiuo  by  means  of  which  soap  la  stamped  into 
the  ahtipe  roquirod.     3.  The  direct  preparation  of  toilet-soap  consists  in  colourijig 
and  scenting  pxire  white  common  soap  without  an  intervening  cooling.  Tho  colour- 
ing materials  are— for  rod|  cinnabar,  coralline,  and  fuchsine ;  tho  violet  tar  colour 
for  violet ;  for  blue,  ultramarine ;  for  brown,  a  solution  of  raw  sugar  or  caratncU 
Windsor  soap  is  prepared  in  the  following  manner : — ^40  pounds  of  mutton  tallow 
and  15  to  20  pounds  of  olive  oil  are  mixed  with  st>da-ley  mai-king  ig®,  making  a 
soap  of  15''' ;  finally,  with  ley  marking  zzP,  when  tho  soap  is  of  the  consistency  of 
marrow.     The  excess  of  ley  is  then  neutralised.    When  the  soap  is  sot  it  is  allowed 
to  stand  six  to  eight  hom*9,  and  during  this  time  most  of  the  under^ley  separates. 
It  is  then  phiced  in  a  ikt  form,  and  pressed  until  no  fluid  exudes.     It  is  scented 
with  cumin  oil,  bergamot,  oil  of  lavender,  oil  of  thyme,  &o.     Moist  sugar  is  used 
to  impart  the  brown  colour.     Rose  soap,  mvofi  d  la  rose,  is  manufactured  by  melt- 
ing the  ingrodients  of  three  parts  of  oil-soap  with  two  parts  of  tallow  soap,  and 
sometimes  water ;  the  perfume  is  attar  of  roses,  oil  of  roses,  or  gilHtlowor- water, 
the  colouring  matter  being  generally  cinnabar.     8having-8oap  must  not  contain 
free  alkalies.    It  is  sometimes  prepared  by  boiling  fUt  acids  with  a  mixture  of  the 
carbonates  of  soda  and  potash.     Lather-soaps  have  in  equal  vtdume  only  half  the 
substance  of  tho  other  soaps.     Palm-  or  olive-oil  soap  is  melted  with  an  addition 
of  one-third  to  one-eighth  the  volume  of  water,  and  the  mass  stirred  until  it  ha* 
increased  to  double  tho  volume.     It  is  then  placed  in  a  mould.     It  should  be 
remarked  tliat  tlie  oil- soaps,  and  not  tallow-soaps,  are  the  true  formativcs  of  the 
lather-soaps. 

T^vHpMmi  soap^  Onlinary  dry  tallow-aoap  is  cut  into  Bplinters  and  heated  with  on 
equal  weight  of  alcohol,  in  which  the  soap  dissolves,  Tho  mixture  is  allowed  to 
cool ;  therewith  all  impurities  are  thrown  do^Ti,  and  tho  clear  fluid  is  placed  in  tho 
moulds,  where  it  has  to  remain  three  to  four  weeks  to  harden.  Tincture  of  cochi- 
neal and  aniline  red  aro  employed  for  colouring  transparent  soaps,  and 
Martin's  yellow.  Tho  perfume  is  chiefly  oil  of  cinnamon,  sometimes  oU  of  th^nni 
oil  of  marjoram,  and  sassafras -oil*  Olycorine-soap  is  prepared  from  an  alcoholic 
solution  of  ordinary  soap,  to  which  glycerine  is  added.  Or  5  cwts.  of  soap  with  un 
equal  quantity  of  glycerine  are  hoatod  by  steam  in  a  copper  vessel.  The  mixture 
ia  placed  in  moulds,  and  allowed  to  set  in  tho  usual  manner.  A  solution  of  «o«|m 
in  on  excess  of  glycerine  (35  :  30)  forms  fluid  glycf^rino-soap,  which  is  of  a 
honey  consistency.    Both  varieties  are  perfumed  with  essential  oils. 

u«c««r  Snip.  Soap  is  us^  for  cleansing  ^mrposes  in  waaihing,  in  bleach itiicr  cloth  and 
woollen  materials ;  for  tho  prepRraLioa  01  hthogniphic  tint^,  &c.  Tlio  cleansing'  prop«tr-| 
tiei  of  fiOAp  are  due  to  the  alkiiLics  it  contains.  Tho  alkali,  althoagh  cuiubuicd  with  thi» 
fut  aridR,  loses  none  of  these  properties,  which  aro  in  fact  included  m  the  combiuution  of 
the  alkali  with  tho  fatty  substonoea  of  the  ilirt  to  be  removed.  Tlie  oxpl.inatioTi  of  the 
action  ehomically,  acconling  to  Chevroul,  ia  the  following' . — The  neutral  ft&lt« formed  by 
I  tlie  alkulioii  aiul  the  fat  acids,  stcanttes^  pokaitates,  and  oleat«a  are  decomposed  by  the 
water,  whereby  insohible  doable  fat  acid  nalta  ore  sepAmted,  while  the  alkali  ia  net  fn^.  By 
means  of  tho  6ee  alkali  cho  impurities  cUnginjar  to  the  materiab  are  removed,  and  f  ' 
up  by  the  fat  acid  salts,  the  stwpcuded  dirt  being  thus  aentaJned  in  tlie  lather, 

fioapTc«u.     The  greater  the  quantity  of  fat  acids  oomUlMd  in  the  soap,  the  hiji^her  is  it4 

valu?.     A  normal  eoap,  benidea  alkaline  fat  ocids^  ibotlld  omly  oontfijit  fi-eo  wntcr,  th© 

quantity  ol  which  given  a  means  of  ostimntiujyr  the  value  of  tho  soap.     It  i?*  in  (he  powtTj 

f  ^  the  soap'-maker  to  manufacture  300  parts  of  a  ^iod  hard  ^oap  out  of  roo  |»arts  of  fat*  J 

^  When  too  amaU  a  quantitj*  of  water  ia   oant"'"-'!    t^^'  soap  bocomca  loo  hiird* 
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much  labour  is  lost  in  obtaining  a  lather.  If,  on  the  other  hand,  water  is  held  in  too  largo 
a  quantity  there  is  a  great  loss  of  material.  The  degree  of  hardness  of  tlie  soap  forms, 
thCTefore,  another  means  of  estimating  its  value.  Many  soaps  contain  2  to  3  per  cent. 
glycerine.  But  the  proportion  of  water  and  the  hardness  of  a  soap  aro  not  the  only 
means  of  estimation,  there  still  remains  the  estimation  of  the  neutral  fat  acid  alkalies, 
tho  free  alkali,  common  salt,  or  unsaponified  fat  in  the  residue  left  after  tlie  drying  of  the 
soap.  According  to  W.  Stein,  tho  presence  of  free  alkali  may  be  ascertained  by  means 
of  calomel,  or  according  to  Nasehold,  by  nitrate  of  protoxide  of  mrrcury.  Uncombined  fat 
retards  tho  formation  of  a  latber,  and  after  a  time  imparts  to  the  suiip  a  rancid  odour. 
But  the  worth  of  a  soap  can  only  bo  accurately  ascertained  by  means  of  chemical 
analysis. 

laKinbte  Soap.  All  soaps  that  hayo  notipotash  or  soda  for  a  base  arc  insoluble  in  water. 
Many  of  the  insoluble  soaps  are  of  technical  importance. 

Calcium-soap  plays  an  important  part  in  stearine-wax  mauufucture.  It  is  mado  either 
directly  by  saponifying  fat  with  hydrate  of  lime,  or  by  treating  R)luble  soap  with  a  solu- 
tion of  a  salt  of  lime ;  this  soap  is  formed  to  some  extent  when  ordinary  soap  is  dissolved 
in  hard  water.  Barium-  and  strontium-soap  are  similar  to  ciilcium-soap.  Magnesium- 
soap  is  made  directly  with  difficulty ;  it  may  bo  obtained  indirectly  by  dissolving  ordinary 
soap  in  sea- water.  Aluminium-soap  is  without  doubt  an  insoluble  soap;  argillaceous 
earths  will  not  saponify  fat  unless  aluminate  of  soda  or  potash  is  present.  Aluminium 
loap  is  used  in  waterproofing.  According  to  Jarry,  wood  impregnated  with  oleate  or 
stearate  of  aluminium  is  impervious  to  moisture.  Lately  many  materials  have  l)een  ren- 
dered waterproof  by  being  dipiKnl  into  a  sohition  of  acetate  of  aluminium,  and  then  into 
a  Boap  solution,  aluminium  S4>ap  being  thus  formed. 

MauganeAe-soap  is  preparetl  by  the  addition  of  sulphate  of  manganese  to  ordinary  soap, 
or  by  lx>iling  carbonate  of  manganese  with  oloic  a<.*id.  It  is  usually  applit^d  as  a  siccative. 
Zinc-Boap  is  prepared  by  the  doublo  decomposition  of  sulphate  of  zinc  and  soap,  or  by  the 
saponification  of  zinc-white  with  olive-oil  or  fat,  forming  a  yellow- white  mass.  Zinc-soap 
is  used  as  an  oil-colour,  and  also  as  zinc-plaster.  Lead-soap  or  lead-plaster  is  made  by 
adding  white-lead  to  olive-oil,  or  acetato  of  load  to  soap  solution.  Tin-soap  is  prepared 
by  tho  double  decomposition  of  chloride  of  tin  with  soap.  Copper-soap,  formed  by  the 
addition  of  sulphate  of  copper  solution  to  soap,  is  soluble  in  <»ther  and  oil,  less  so  in  alcohol ; 
it  is  used  in  preparing  water-colours.  It  may  be  made  by  boiling  oleic  acid  with 
carbonate  of  copper.  Mercury  or  quicksilver-soap  is  prepared  from  chloride  of  mercurj- 
and  Boap ;  it  is  difficult  to  drj- ;  is  white,  but  when  exi)08ed  to  air  and  light  turns  grey. 
Mercury-soap  was  formerly  kiiown  as  quicksilver-soap  and  quicksilver-plaster.  Silver, 
gold,  and  platinum-soaps,  are  severally  i)repared  by  d<.>ublo  decomposition ;  but  they  art 
not  much  used.  Gold-soai)  is  employ(.*d  in  gilding  porcelain ;  and  silver-soap  for  dark« 
ening  the  hair. 

Dome  OR  BoKAcic  Aciu,  axd  Borax. 
Boracic  acid  occurs  native  as  sassolin,  II3BO3  ;  in  100  parts  : — 

Anhydrous  boracic  acid,  Ba03       5^*45 

Water 43-55 
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and  further  in  tho  following  minerals  : — 

^^:?do  ofXtlr^^:!'"".^"'}-'^  ^--^  P-  -t.  Boracic  acid. 

Rhodicito,  or  borate  of  calcium ,        30  to  45     ,,  ,, 

Hayescine,  Tiza,  or  borate  of  lime       . .       ,,        30  to  44     ,,  ,, 

llydroboracite ,,        47  ,,  ,, 

Tincal  or  borax,  borate  of  soda     ..      ..       ,,        36'53         ,,  ,, 

Datholite,  or  boro-silicato ,         18  ,,  ,, 

Botryolite „        20-35         ,,  „ 

Axinite      ....  2  to  66      ,,  ,, 

Tourmaline       ..      ,        2toii'8   ,,  „ 
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Boracio  acid  is  found  also  in  small  quantities  in  miiny  mineral  waters  and  in  se 
water.    I*arderollitet  or  bomte  c>f  aintiionia»  aud  la^auite,  or  l^orato  of  ir<-^n,  are  bot 
found  in  very  small  qmmtitios  in  Tustumy^  but  are  interesting  to  mineralogista  only. 

Boracic  acid  is  found  as  sassoHn  in  many  Tolcanic  regions  mixed  with  sulphurj 
and  in  tlio  hot  springs  of  Sasso,  in  Tuscany,  and  also  between  Yolterm  and  Muss 
itaritima  in  tho  clufts  and  ronta  of  the  volcanic  formation  of  i^ck.  ntiffer  and 
Moscagni  (i776}»  first  mentioned  tho  occurt'once  of  boracic  acid  in  tho  waters  sub- 
jected, in  the  clefts  of  the  rook,  to  the  sulphurous  exhalations,  Tho  Uttlo  pooL* 
formed  in  these  clefts  aro  viirioui^Iy  knonii^tts  /maacchit  /umarofes,  ioffioui,  and 
mo/ctU\  The  boracic  acid  deposits  in  somo  cases  cover  an  extent  of  six  miles- 
Since  iSi8  artifieiul  sofHoiii  have  been  constructed,  and  the  benefit  derived  by  tli** 
country  from  the  introduction  of  tho  industry  is  immense.  Tho  first  ai'tificial  lake 
was  situated  near  Monte  Cerboh,  and  tho  product  was  for  some  time  known  oa^ 
Larderellito,  from  the  ownor*8  name,  Larderel,  llio  production  from  these  work 
alone  amounted  in  iSjg  to  717,333  kilos.,  and  in  1867  to  2,350,rKX)  kili>s,  Tbe^* 
iBOreasehas  boon  greatest  since  1S54,  owing  to  the  energy  with  which  Gazzeri  and 
Durval  cnb>red  upon  the  constiniction  of  tho  artificial  sotfioni. 

Tho  soil  of  the  natural  hikes,  or  beds  of  tho  natural  sofilonit  are  of  a  bMbu^ 
formation,  and  have  a  peculiar  soothing  movement  due  to  the  escape  of  the 
sulphurous  vapours  from  the  fumarolos  or  vents.  According  to  Payen»  tins  vapoar 
or  eteam  may  bo  considered  as  condensed  and  ajs  non-condensed,  the  former  con- 
taining besidss  wator,  sulphate  of  hme,  sulphate  of  magnesia,  sulphate  of  ammoni; 
chlurido  of  iron,  hydrochloric  acid,  organic  substances,  a  fishy-smelling  oil,  day 
sand,  and  a  small  quantity  of  boracic  acid.  The  non-condensed  vapour  consteted  of — 

Carbonic  acid     o"573o 

Nitrogen     0*3480 

Oxygen       , . 0*0657 

Sulphuretted  hydrogen    . .      . .  0*0133 


Pay  en  is  of  opinion  that  the  vapom^s  contain  no  boracic  acitl,  while  C.  Schmidt 
thinks  otherwise,  an  tho  vapours,  when  condensed  without  contitct  with  tho  water 
of  the  Boffioni,  yield  boracic  acid.  The  condensed  vapours  contain  0*1  jjer  coat* 
boracic  acid* 

Th«»ryof  th*  Fortaftiioa  Dumas  and  Payeu  found  an  explanation  of  the  formation  of 
KAtu«iiiarwUiAcid.  volcanic  boracic  acid  upon  the  hypothesis  that  there  exists  in 
the  interior  of  the  volcano  or  beneath  the  under-crust  of  the  earth  a  layer  of  sulphide 
of  boron  (B,Sj),  which  under  the  action  of  the  mineral  waters  becomes  converted 
into  boracic  acid  and  sulphurettt^l  hydrogen,  P.  BoUey  gives  the  action  as  similar 
to  that  occurring  in  the  fonnation  of  sal-ammoniac,  a  very  common  mineral  in 
volcanic  regions.  I'rofessor  Becchi,  of  Florence,  found  nitride  of  boron  (BN)  in 
one  of  the  undur-strata,  from  which  ho  prepared  aititicially  by  means  of  steam 
ammonia  and  boracic  acid,  AlsoWairington  (1854)  and  Popp  (1870}  attributed  the 
ttppoaranco  of  boracic  acid  and  ammonia  in  volcanoes  to  the  decomposition  of  nitride 
of  boron  by  evaporation.  Recently  (tS6i)  Becchi  has  obtained  boracio  acid  by  the 
decomposition  of  borate  of  calcium  in  a  stream  of  superheated  steam* 

^Jo™e?c''AcUL  "^  '^^^^^  ^^^^  general  method  of  obtainin g  boracic  acid  is  by  the  evapora- 
tion of  the  water  of  the  natural  or  artificial  sothoiu.   The  water  is  either  natumUy  CWf 
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artificially  introduced  into  tho  natui-al  fumaroles,  as  those  somotimes  do  not  re- 
fupply  themselves  with  sufficient  rapidity.  As  soon  as  the  water  has  absorbed  a 
oonsiderablo  quantity  of  the  vapours  it  is  removed  and  placed  in  a  large  mason- 
work  cistern;  this  cistern  is  imbedded  in  the  soil  near  the  fuinaroles,  and  the 
natural  heat  is  sufficient  to  cause  evaporation.  The  vai)oiirs  are  condensed  in  a 
wooden  chimney.  The  separated  impurities,  gypsum,  &c.,  remain  in  tlio  cistern.  As 
soon  as  the  solution  is  of  a  sp.  gr. ^1-07 — 1-08  at  80°,  it  is  poured  into  leaden- 
crystallising  vessels  where  the  boracic  acid  crystallises  out.  Tlio  mother-liquor  is 
evaporated  to  dryness.  It  should  be  remembered  that  the  entire  operation  is  con- 
ducted with  the  assistance  of  tlio  natural  heat  of  tho  fumaroles  only.  Occasionally 
the  boracic  acid  is  only  present  in  tho  natural  watci*s  to  0002  of  a  part ;  and  in 
these  cases  fuel  must  bo  used  in  tho  evaporation,  whi(^h  therefore  c^ntails  tlio  expense 
of  carriage,  as  fuel  is  verj-  scarce  near  tho  soflioni.  Cliarcoal  is  generally  used. 
But  by  this  means  an  acid  is  obtained,  containing  about  70  io  80  per  cent,  hydrated 
boracic  acid,  with  10  per  cent,  impurities.  Clouet  removes  tin.*  impurities  by  treat- 
ment with  5  per  cent,  of  ordinary  hydrochloric  acid.  IJoracic  acid  for  ])harma- 
oeutical  pui-poses  may  bo  prepared  by  dissolving  i  i>art  of  borax  in  4  parts  of 
boiling  water,  and  decomposing  tho  solution  with  one-thinl  part  of  sulphuric,  or 
better  with  half  pai-t  of  hydrochlonc  acid  of  1*2  sp.  gi*.  Tho  acid  separates  on 
cooling,  and  can  bo  purified  by  crystallisation. 
In  100  parts  of  commercial  boracic  acid  from  Tuscany,  11.  Vohl  (1866)  foimd : — 


Boracic  acid     . . 
"Water  of  crystallisation 

Water       

Sulphuric  acid . . 
Silicic  acid 

Sand 

Oxido  of  iron  . . 
Protoxide  of  manganese 

Alumina 

Lime 

Magnesia 

Potash       

Ammonia 

Soda 

Chloride  of  sodium . . 
Organic  substances  and  loss 


I. 

45-1996 
34-8916 

2. 

47*6320 
35*6983 

3- 
48*2357 
37*2127 

4- 
45*2487 
34-9010 

5. 
48*1314 
38-0610 

4*5019 
9*6135 

o*8i2i 

2*5860 
7*9096 

1-2840 

1*0237 

8-4423 
0-6000 

4*4990 

9*5833 
0*2134 

1*5240 
7-8161 
0*0861 

0-2991 

0-5000 

o-iooo 

0-7722 

0*4154 

0*1266 
0*0031 

0-I63I 
traces 

0-0920 
traces 

0*1030 
traces 

0*0431 
traces 

0*5786 

0*0109 
06080 

00802 

0*3055 
traces 

0*0504 
0-5178 
traces 

0*1359 
tmces 
traces 

0*1736 
traces 
traces 

o*i8oi 
2*9891 
0*0029 

0*2551 
3*5165 
traces 

05178 
3*5169 
traces 

06140 

3*7659 
traces 

0-4134 
3*0890 
traces 

0'1012 

0*0595 

0*0401 

0*1671 

0*0321 

ss  0-0918 

0*0101 

0*0101 

— 

0*0449 

100*0000 

lOOOOOO 

100-0000 

1 00*0000 

100*0000 

**'^oritorac*cAcid?  I'ui-o  boracic  acid  crystallises  in  mother-of-pearl -like  leaves 
which  at  100°  G.  lose  half  their  water  of  crystallisation  without  melting,  tho  other 
half  being  driven  off  at  a  red-heat.  After  cooling  tho  anhydrous  acid  ai>pears  as  a 
hard,  transparent,  brittle  glass  of  1-83  sp.  gr.  i  part  boracic  acid  dissolves  in  25*6 
parts  water  at  15*'  C,  and  in  2*9  parts  at  loo®  C.  At  8"  a  saturated  solution  has  a 
sp.  gr.  of  1-014.     It  imparts  a  green  colour  to  the  flame  of  the  spirit-lamp.     In  a 
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chemical  point  of  vi«w  it  is  siinilar  to  silicic  acid-  Boracic  \ 
th€>  proptu-atioa  of  bomx,  for  glazing  porcelain,  and  mixed  in  a  weak  aqueous  solu- 
tion with  sulphuric  acid  in  the  pr<7pnnition  of  tho  wicks  of  stearine  and  paraffin 
<*undles»  It  is  also  useii  for  colouring  g^old,  for  docorating  iron  and  6t«€d»  in  1 
preparation  of  flint-glnss,  and  artifioidl  precious  stonea.  In  1 859  boracic  add  ' 
U8«'d  in  the  preparation  of  hydrated  oxide  of  chromium,  known  under  the  nam©  i 
Panne  tier's- green,  Vnt-Oiiignet,  &c. 

Borar.      Borax^  or  bi-borate  of  soda,  when  anhydrous  according  to  the  formula 
NajB407,  contains  in  100  partes : — 


Anhydrous  boracic  acid  (BaOj) 
SodaCNa^O) 


69-05 

*      . .     30-95 

100*00 

It  is  found  native  in  Alpine  lakes,  on  tho  snow-capped  mountains  of  India,  China, 
Persia,  in  Ceylon,  and  Great  Thibet.  It  ia  found  in  largo  quantity  at  Potoai  in 
Bolivia,  where  the  Borax  Lnkf,  according  to  Moore's  analysis  (1S70)  c*jnlaLni?  in  i  litre 
of  its  water  (sp,  g.  =  1*027),  3'96  grammes  of  borax.  Pyramid  Lake,  Humboldt  Co., 
Nevada,  yields  also  largo  quantities.  By  the  heat  of  the  sun  tho  water  of  the  borax 
lakes  is  evaporated  and  the  borax  crj'stalUses  out,  and  is  gathered  and  brought  into 
(Kimmerce  under  the  name  of  Tincal.  It  appears  in  small  six-sided  crystab,  more  or 
less  smooth.  The  Clear  Lake  in  California,  to  the  north  of  San  Francisco,  yields 
doily  2000  kilos,  of  borax. 

Formerly  tincal  woo  purified  by  washing  in  water  containing  sotla  t»>  free  the 
borax  from  adhering  fatty  substances  which  combine  with  the  soda  to  form  an 
almost  insoluble  soup.  After  tho  borax  hsis  been  well  washed  it  is  dissolved  in 
boiling- water ;  for  each  100  parts  of  refined  salts  tho  re  are  12  parts  of  carbonate  of 
soila.  The  solution  is  next  filtered,  and  then  evaporated  to  iS"*  to  20'  B.  It  is  now 
placed  in  wooden  crystallising  vessels  lined  with  lejid,  where  it  is  necessary  to  allow 
the  fluid  to  cool  gradually.  Another  method  is  to  place  the  tincal  in  cold  water,  and 
to  stir  in  i  per  cent  of  caustio  lime.  The  fatty  substances  ore  thus  removed,  com* 
bining  with  the  lime  to  form  an  insoluble  calcium  soap,  2  per  cent,  of  chloride  of 
calcium  ia  added  to  tho  fluid,  which  is  next  evaporated,  and  set  to  crystallise, 
Clouet  recommends  tho  powdering  of  the  tincal,  which  ia  next  mixed  with  10  per 
cent,  nitrate  of  soda,  and  calcined  in  a  cast-iron  pan,  tho  fatty  substances  l)eing  thus 
destroyed.  The  calcined  mnas  is  diasolyed  in  water,  and  the  solution  evaporated  to 
crystallisation* 

Bftfsx  fRM  iionKik  Add.  In  iSi8  tho  manufiieturG  of  borax  from  boracic  acid  was  com- 
menced, and  since  that  time  borax  has  sunk  to  three-fourths  its  former  prico.  Both 
according  to  tho  proportion  of  water  and  the  crystaliiuo  form,  tber©  may  be  consi- 
dered two  varieties  of  borax,  i.  Tbo  ordinary  or  prismatic  borax;  2.  Octahedrm) 
bara3(.    The  prismatic  borax  (NajBiOy  +  loII^O)  contains  in  100  parts: — 


Bi^rncic  acid        . .      . . 

Soda 

Water  of  crystallisation 


tOO'O 


lOOOO 

I'liiiinHrJimpii  L*  manufactured  in  the  foUowing  mnniicr  :— There  aj^s  diflflolTOcl  in  a 
lend-linei'lflWS^A,  Fij^r.  1 18,  26  cwte,  of  ciystallisecl  carlwnate  of  sodft  iii  ftbout  1500  litiw 
of  water,  heated  by  means  of  steam,  to  the  boilinp-*poiiit.  The  boiler^  c,  in  for  the 
purpose  oalj  of  gcnonitinx"  steam,  which  h  passed  by  the  pip«»  e,  »iid  the  niHc*  ui,  into  a* 


vj   « 


K^the  largo  taps  ^  anti  ^'t  ti>o 

pAistauce^  thrown  down  frorn 

nMeA  in  quatitities  of  8  to  10  lbs.  oftor  tli 
Besides  carbonic  acid  a  small  quantity  of 
by  0  into  the  vessel  n,  containing  dilute 
mtarate  the  solution  of  26  cwta.  of  fti>tla, 
Tine  boiling  satnratod  solution  marks  2t^ 


Hiiid  raay  1^  romoTcd  from  a*  Tlirqugh  the 
th<?  solution  can  bo  removed.  Boraeio  aeid  is 
e  solution  has  boon  heated  to  tho  boilin;i^-point, 
carbonate  of  ammonia  is  developed,  and  paa§e3 
sulphuric  arid,  by  whieh  it  is  absorbed.  To 
24  cwt».  of  erudo  boracie  aeid  are  neccPBarr. 
to  22"  B.,  and  has  a  temppriitare  of  I04^     II 
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the  solution  i«  too  gtrong^  wat^r  is  added  ;  if  too  wrak,  a  email  quanl  Lty  of  enidd  borax,  to 
bring  it  to  21*  B,  The  solution  ia  allowed  to  st-and  in  x  until  ull  insoluble  sulxctanoea  a» 
deposited  llie  clear  ley  is  cund noted  liy  mf^ans  of  the  tap*  ♦',  into  the  ciysi&lHsisg' 
feasc'lis  p  Pj  the  mud  or  dejKisit  Ixinij*"  itx'civiMl  into  K.  Tlie  crjwtalUsinjf  vosseUareof  wood 
lined  with  lead.  Hits  crj^'italliflatiun  is  cotnplote  in  two  t^i  tlirco  dATs,  and  the  motlier- 
liqaor  is  drawer  off  into  thu?  tp«bo1  ii.  Tlie  crrstals  im*  plaoed  to  drain  on  th**  in<*lwM4 
plnnef  M.  The  luother-lic^uor  is  rt-tained  for  thcj  dilution  i»f  a  fresh  quantity  of  soda. 
Aftor  three  or  four  operations^  i\m  mother-liquor  contains  bujficicnt  i?ulphfit4)  of  BodA  to 
admit  of  pix)fitahle  crj^atalliiMition  ;  and  the  ley  is  allowed  to  eixd  at  30*.  Xa  tlie  dolnhill^ 
of  8ulphate  of  soda  has  peachctl  the  luaxitnutn  at  a  teniperaturx*  of  33',  it  \b  dear  that  "*"~ 
ccystallLHation  of  the  sulphate  coaiunciices  at  the  eonqjh'tiou  of  that  of  the  bor 
After  the  crystallisation  of  the  hulphate  of  eodai  the  motlier-liquor  i»  evapomted  to  dx^ 
neSB,  and  the  saline  rcalduo  ia  sold  to  the  glafla-manufac  hirer. 

Foiff^ir  Kb*  Boiruc.  The  crudo  borax  to  be  purified  ia  plftced  in  a  lead-lined  wooden 
dstem.  A,  Fig.  ii9»  heated  by  steam.  Tho  borax:  is  suspended  in  a  wire  sieve 
immediately  under  the  surface  of  the  water  with  whitk  A  is  filled.  To  100  part* 
of  borax,  5  ports  of  cryBtallijjed  carbon  a  to  of  soda  are   adtlcd,   and  tho   liquid 


Fig.  119. 


19  strengthened  AH>m  time  to  iimo  till  it  mnrka  2a°  B,  TiVTion  tho  solution  is  settled 
it  is  removed  by  tho  tap  to  tho  cooler,  B*  To  prevent  loss  of  ley,  the  floor  under  B 
is  stippled  with  waterproof  cotncnt,  and  doped  towards  a  fitter.  The  cri'stallisiug 
vessel  is  nf  tliick  tiniborB,  n  F  ir,  lined  stoutly  with  loml ;  this  vessel  is  tilled  with 
ley  to  within  an  inch  of  the  edge,  the  cover  bein^  then  placed  en.  The  «team  con- 
densi^s  on  the  cover,  wltieh  whi>n  removed  i«  found  covered  with  Bniall  ct\  wtuU,  tho 
larger  ciy^tiilsj  fulling  to  the  iKjttom  of  tho  vessel.  To  hasten  the  cooling,  spjiocs 
are  left  in  tunbcrs,  V\  but  tho  cry!*t;illi8;ition  is  not  effected  under  16  to  28  days. 
After  this  time  the  ley  still  hti*  a  temperuturo  of  zy°  to  28**  C.  When  quite  cool  tho 
foivign  substances  separate  from  the  burux.  The  vessel^  li,  contains  the  large 
Ixirax  crystals  fr*>m  which  the  adhering  mother- liquor  is  Bepamttfd  by  a  spnnp/. 
If  the  crystaU  aro  not  thus  cnixjfully  treated  ^  they  ^\\it  into  thin  leaves;  for  this 
reason  also  the  cooling  should  be  gradual  The  crystals  are  dried  on  a  woudt*n 
table,  finally  sorted,  anil  packed. 

In  England  borax  is  pn^pared  from  boracic  acid  m  tlit*  following  manner : — The 
cmdo  bonicio  acid  is  mixed  with  half  its  weight  of  calcine<l  sotla  and  submitteil  to 
tho  action  of  heat  in  a  muffle^ovcn.  Tlie  ammonia,  which  as  snlphatu  is  an  tm- 
port^mt  eoD*.tituent  of  tTud*j  boracic  acitb  is,  with  carbonic  acid,  given  off  durtng 
tbe  process,  and  pui*^c9  through  a  tube  to  a  condeiising  chamlx-r,  Tlio  meltod 
mass  is  removed,  and  lixiviatcMl  in  an  iron  pan  ;  tho  su^apendcd  matter  is  allowed  tA 
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settle,  and  tho  clear  liquur  is  put  into  smaller  vessels  to  cool,  in  whicK  beuutiM 
crystals  form.  It  Las  alreudy  bt^jn  mentioned  that  this  manufacture  had  its  origiii 
in  France,  where  sulphuric  vapours  were  employed.  A  mixture  of  calcined 
Glauber  salts  and  boracic  acid  wore  placed  in  a  retort  and  subjected  to  distillation, 
the  residue  on  lixiviatiou  and  crystallisation  yielding  borax.  Kohnko  substitutes 
caustic  soda  for  the  carbonate  of  soda,  the  borax  crystaUisLng  from  a  very  alkaline 
solution. 

Recently  borax  has  been  obtained  from  natire  bomte  of  calcium,  tiza  or  borocalcite, 
(fonanla,  ac^cording'  to  Wiihlcr,  Na_jB^0j^4- 20113^0^ -|-  i8Hp),  which  occurs  in  largo 
rjuantitica  at  Tampaca  in  Pern,  and  m  Western  AJEnca.  Treatment  with  siUphurio  acid 
sivtxi  only  unsatiKf actory  resrult*,  and  hydrochloric  acid  i«  ther^ore  employed.  The  acid 
i-  p(  Hired  ujKm  the  mineral  to  two-thiraa  of  its  weight  with  twice  the  quantity  of  water, 
lini  the  whole  heated  to  tlu?  bo ili op-point,  and  allowed  to  dijifcs^t.  Tlie  heat  must  be  main- 
T  rirw  d  to  the  ctunpk tion  of  the  dij|fi\stion,  and  the  water  loat  by  evaporation  re'Supplied. 
M  rl€»ar  liquor  is 'then  derianted,  and  on  cooling  the  boracio  acid  crystallLsea  out,  the 
rlirr-liquor  pctaining  chloride  f»f  sodium,  chloride  of  calcium,  nt-ith  a  slight  excess  of 
i  r  M 1 1 1.  rtc  acid.  Stasafort  boracite  or  Stassfurtite,  is  also  becoming  largely  used  in  the 
j'.'r.iti.iii  of  borax. 

ihe  pri^niatic  bcrjx  in  colourks'*  and  forms  transparent  crj^stala  of  175  sp,  gr,,  dia- 
Ived  in  \2  p:irbs  cold  and  2  purts  huilinjBf  wattr,  the  jiolutiou  having  a  weak  alkaline 
iction  upon  to^*t-paper,  althouf^h  bonix  is  an  ncid  salt.  By  exposure  to  the  air  it  loaea 
iter.  At  a  modtTato  htnt  it  wpii rates  into  a  spongy  masa  known  aa  calcined  borax,  and 
t  a  red-heat  assumes  a  i^lan.^y  appearance;  in  this  condition  it  is  used  as  a  blowpipe 
flax. 

oeubedroi  ».»*.  Octahedral  borax  (Na^B^^O?  +  sH^O),  is  prepared  in  the  foDoving 
manner : — Prismatic  borax  Ls  dissolved  in  boiling  water  till  the  solution  marks 
icp  B.  ^  1*260  sp.  gr.  This  solution  is  then  allowed  to  cool  very  slowly.  When  the 
tera[»eratare  has  fallen  to  79^*  C,  tlxo  octahedral  ciystals  begin  to  form,  the  Ibrma* 
tiou  continuing  till  the  tomporature  reaches  56"*.  After  this  the  mother-ley  yields 
only  prismatic  crystals.  Unless  great  care  be  taken,  a  mixed  crj'stalHsation  resiUtcj. 
Buran  recommends  the  preparation  of  octahedral  borax  by  evaporating  a  borax 
solution  to  32°  B.  =  P282  sp.  gr. ,  when  it  is  removed  to  a  crystallising  vessel.  AVhen 
JO  cwts.  of  borax  are  t*porated  upon,  the  process  will  take  six  days  to  complete.  The 
prismatic  and  octahedral  salt  crystallises  in  distinct  layers  that  can  bo  separated 
tnechanically.  Indian  borax  aad  Chinese  half-refined  borax  eometimes  contain 
iK-'taiiedral  cryt^tals.  OctaJicdral  borax  is  known  in  French  commerce  under  tho 
names  of  calcined  borax,  jeweller's  borax,  surface  borax,  &c.  It  is  distinguished 
from  prismatic  borax  by  its  crj^stallino  form  and  the  propoi'tion  of  water  contiiined, 
by  its  sp.  gr.  =  i"8i,  and  its  greater  haixlne^s.  Willo  tho  prismatic  borax  remains 
unaffected  in  tranaparencybj^  exposure  to  air,  tho  octahedral  boi-ax  rapidly  becomes 
opaque,  and  absorbing  five  equivalents  of  water  is  converted  into  tho  prismatic  salt, 

Um  of  Bam*.  The  usefl  of  borax  are  very  numerous.  Molten  borax  baa  tho  property,  at 
high  tempera tart'R,  of  fluiting  metallic  oxidea,  vitrif  jHng  with  them  into  colourwi  tranft- 
parent  glasses ;  for  lUJitancc,  with  pnitoxido  of  cobult  a  blue  gl^s^  1%  f  onneti,  and  with  oxide 
of  chromium  a  grer-n  glass.  Thin  property  ia  of  great  utility  in  clicmical  imalyaia,  as  the 
various  metallic  oxides  may  be;  thus  distingiiisljed  in  tlie  bk>wpip<3  flame.  It  is  also  ukciI 
for  iM^ihkring  motals ;  and  ia  a  constituent  of  iSftita*^  urtcd  in  gbiwS'manufiictuj'o  and 
^j         '^  It   w  u.sed  extensively  in  glazing  the  finer  kindn  of  earthen wai-e,  and  for 

s  !:ietalri  from  their  ore<*.     Borax  fonnn  isath  shellac  in  proportion  of  i  part  to  5 

p.i..  .  ..  i^.cullar  vrinuAh,  solublo  in  water,  and  used  when  nxixe<l  witli  axiiline  black  to 
itiflVn  leit  hilt  ft.  With  easein  its  prives  a  fluid  resc^mbling  a  »ciution  of  gum-arabic,  for 
which  it  i^  often  substituted.  Borax  ia  made  into  a  soap  for  washing  purpoaeB,  into  a 
solution  for  clean.«iin^  the  biiir,  and  it  ist  also  uMd  in  various  cosmetics,  ite»  It  ia  largely 
employed  to  fix  minend  raL>r*liint§,  According  to  Clouet,  a  mixture  of  boracic  acid  and 
xdtittte  of  pota«h  or  sodti  in  in  iiifiny  caseR  a  better  flux  than  borax.  He  recommenda  100 
porta  lioraeic  acid  imd  lOO  jJ^i-rts  of  tho  nitrate  to  be  placed  in  im  enameUed  iron  kettle 
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mth  10  per  cpnL  water  and  heated  till  fluid.  "Wlien  esook-d,  flat  white  ciystak  are  formed  ; 
those  mAdo  with  nitnito  of  potash  can  be  usod  for  crjatal*glass  nmntifacture,  and  thoeo 
with  nitraio  of  soda  for  enamelling.  Borate  of  chromium  la  known  in  commerce  aa  I'trri- 
Giiignet  or  Pannetier*8  grotn. 
t>i«iii<iD4-ikir^iii«  or  Wohler  and  H.  Bo^'illc  in  1S57  were  the  first  to  notice  tJiat  boron  forms 
AdMQMtihc.  fiuniXarlj  to  carbon  in  two  aUotropic  conditions,  namely,  crratalline  • 
and  amorphona^  Diamond  boron  is  prepared  in  two  wnjn,  either  by  the  reduction  of 
ciLlcined  borax  with  aluminium : — 


Boracic  acid,  B^O^  1 
Aluminium}  2A}      J 


'V'ields 


(  Alumina,  Al^Oj, 
\  Boron,  2B ; 


ot  by  otmTerting  amorphoufl  boron  into  ciystaUine.  Tbo  latter  method  give«  the  better 
rosnlt*  100  grmik  of  anhydrous  boracic  acid  are  mixed  with  60  grma.  of  Boidium  in  ft  small 
ilX>n  crucible  heated  to  a  red -heat.  To  thiii  mixture  40  to  50  grms.  of  common  salt  axe 
added,  and  the  cmdblo  is  lute*!  doi^Ti.  As  soon  aA  the  reaction  is  finished,  the  maiSfi,  con- 
fiisting'  of  amorplious  boron  with  boracic  acid,  borax,  and  common  salt  iiittrmingled,  im 
stirred  into  water  ncidificd  with  hj'drochloric  acid.  The  boron  is  filtered  out,  wuahed  with 
a  weak  solution  of  hydrochloric  acid,  and  placed  upon  a  porous  atone  to  dry  at  the  ordinoi'v 
temperatui-e.  Molton  iron,  it  is  well  known,  converts  amorphous  carbon  into  crystalline 
graphitic  c^irbcm^  and  aluminium  exeroiaos  a  similar  action  upon  boron.  The  crystalline 
boron  is  prepared  in  the  following  miumer : — ^A  fonall  crucible  is  filled  with  amorjihou^s 
boron,  in  the  centre  of  which  a  szniili  bar  of  aluminium  weig'bing'  4  to  6  gnus,  is  pjaoed. 
llic  crucible  is  submitted  to  a  temperature  euificient  to  melt  nickel  for  il  to  2  houxt. 
After  coolings  the  aluminium  will  be  found  covered  with  beautiful  crystals  of  boron.  The 
diamond  boron  is  easUy  separated  fri>m  the  graphitoid.  The  form  is  a  transparent  tetra- 
gonal crystal!,  of  a  garnet-red  or  honey-yellow  colour,  or,  if  perfectly  pure,  oolourloaa*  It 
is  Tery  brittle,  hard,  and  lustrous;  it  will  scratch  rubiea  easily.  This  disoorery  may 
time  be  of  great  technical  imporfauce. 


rRODUcnoN  OF  Alum.  Sulphates  of  j\xttmixa,  axd  Axitmikates. 


Ajaai.  Alum  is  a  saline  substance,  consisting  of  sulphnto  of  alumina,  sulphate  of 
potash  or  ammonia,  and  water  of  erystalLLsatioii.  It  occurs  native  aa  potash -alum 
and  as  ammonia-alum,  being,  in  fact,  a  double  salt,  oonaisting  of  either  sulphate  01 
alumina  and  sulphato  of  potash,  or  sulphate  of  oluzmna  and  sulphate  of  ammonia. 

The  alum  known  as  potash-alum,  ^j^*  1  4SO4  -|-24H,0,  is  found  in  alum-shale.  But 

all  natural  alums  are  of  moro  mincralogical  thaa  technical  interest,  the  alums 
of  oommerca  being  always  artificially  preparcni.  Wo  shall,  therefore,  pa!?8  on  to  tho 
consideration  of  the  latter, 

^'iSi'ilteiu^^**^     Tho  manufacture  of  alum  grounds  itself  on  the  formation  of  sulpha 
of  altimina  and  aluminato  of  soda  from  tho  various  alum-ores,     Thcs*?  ores 
eartha  neceasitating  difieront  mothods  of  treatment,  may  bo  dirided  into  four 
graupe,  viz.  :— 

t.  Those  which  contain  alumina,  potaua,  find  stilphuxio  acid  in  soeh  proportions  that 
the  addition  of  on  alkaline  salt  in  not  requisite.  To  this  group  belongs  alam-stone,  and 
soTcrsl  yarieties  of  alum-«halc. 

2*  Those  in  which  the  sulphate  of  aluminia  is  alcuo  i>resent,  neeesaitatlng  the  additiini 
of  alkali  miiA  in  Iht)!^  quantities.  To  thia  group  belong  the  alum-ehalo  and  alum-earths 
found  in  the  brown -<.«:»aJ  formation. 

5.  lliose  ill  lA'hich  alumina  only  is  contained,  and  to  which  botli  sulphuric  acid  and 
alkali  salts  muj<t  be  added.  To  this  group  belong — a.  Clay;  $.  Cryolite;  7.  Bauxite; 
I.  Refuiie  Klaek. 

4.  To  tho  fourth  group  belong  thofte  materiolfi,  such  as  febmar,  containing  alumina 
pota&h  in  sufficient  quantity,  but. needing  the  addition  of  sulphuric  acid. 


I 


•  GrAphltio  boron  is  by  a  later  discovery  of  Wohler's  (1867)  reaolved  into  borado* 
alnmijiimii ;   fommhi,  AlB,. 
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''Km  iUi^MOMf  ^''  G^roMj?.— Alum-stone  or  alunito  occurs  only  m  volcanic 
regions,  and  is  the  product  of  the  action  of  the  sulphurous  vapours  upon  sub- 
stances rich  in  felspar.  It  is  found  at  Talfa,  near  Civita-Yocchia,  and  in  largo 
quantities  at  Muszag,  in  Hungary.  The  crystallised  alum-stone  consists  of  sulphates 
of  potash  and  alumina  with  hydroxide  of  aluminium,  according  to  Al.  Mitschorlich — 
K,S04-f  Ala(S04)3+ 2(  Ala03,3lIaO). 

Alnin-stone  loses  ^ts  water  at  a  red-heat,  tho  product  of  the  calcination  Iwjing  influenced 
by  water,  while  tmbumt  alum-stone  is  not.  A.t  a  strong  red-heat  the  sulphate  of  alumina 
separates  into  alumina,  sulphurous  acid,  and  oxygen,  and  the  suliihate  of  potash  is  also 
decomposed.  The  mineral  is  calcined  in  lime-kilns  in  the  ortlinary  manner.  The  calcined 
alum-stone  is  lixi^dated  with  Iwiling  water,  the  suixjmatant  liquor  decanted,  and  tho  alum 
dTstallised  out.  Roman  rock,  or  roche  alum  is  prepared  in  a  similar  manner,  the  red 
colour  being  due  to  peroxide  of  iron. 

pivpuation  of  Alum  ftom  2nd  Group. — This  mode  of  preparation  yields  tho  greatest 
and ^nm-eart)uk        amouut  of  alum  with  as  much  facility  as  from  alum-stone. 

Aiom-ihaie.  Alum-shalo  or  schist  is  a  sulphurous  iron  pyrites,  found  under  beds  of 
day  in  Upper  Bavaria,  in  Prussia,  near  Dusseldorf,  Saxony,  Bohemia,  Belgium,  &c. 
Only  very  inferior  kinds  require  an  addition  of  alkali  salts. 

▲tarn  Eartiii.  Alum-earth  is  more  or  less  a  mixture  of  sulphurous  iron  pyrites  with 
Tarious  bitumnious  mattei*s.  The  sulphur  is  present  partly  in  free  state,  partly  ns 
iron  and  vitriol  pyrites ;  the  iron  is  present  partly  as  sulphuret,  partly  as  iron 
hamate. 

Frep«MtionofAiuiiu  The  preparation  of  the  alum  may  bo  considered  in  the  following 
six  operations : — 

BflMtiBff  the  Alum-Earth.  I.  The  roasting  of  the  alum  earths  Is  tho  easiest  of  the  opera- 
tions. The  greater  part  of  the  alum  manufactured  is  produced  by  precipitating  sulphate 
of  alumina  with  a  solution  of  alkali  salts.  It  is  not  always  necessary  the  schist  should 
be  burnt  to  concentrate  tho  sulphate  of  alumina,  a  lengthy  weathering  being  sufRcient. 
Hie  action  may  bo  explained  as  follows : — By  tho  weathering  tho  bisulphide  of  iron  ab- 
aorbe  oxygen,  to  form  sulphate  of  iron,  which  separates  into  protoxide  of  iron  and  sulphuric 
acid,  the  Litter  acting  upon  tho  alumina  forming  an  equivalent  quantity  of  sulphate  of 
alumina.  Or  by  roasting,  tho  bisulphide  is  decomposed  to  monosulphide  and  sulphur, 
which,  with  the  sulphur  of  tho  alum-earth,  gives  rise  to  sulphurous  acid,  and  this  acting 
upon  the  alumina  produces  sidphito  of  alumina  and  also  the  sidphate.  The  rf>asting  or 
calcination,  however,  should  not  take  place  "vvith  earths  that  have  been  subjected  to  loss 
thui  a  year's  weathering,  as  there  is  found  to  bo  in  practice  a  loss  of  one-sixth  of  tho  sul- 
phate of  alumina. 

lixirution.  2.  Tlio  lixiviation  of  tho  calcined  aliun  earths  is  effected  in  a  lixiviation 
cistem  in  which  tho  earth  is  placed.  These  tiiiiks  stand  in  rows  of  five,  the  best  arrange- 
ment being  to  build  them  on  a  slope  near  the  calcination  heaps.  Each  vessel  has  a  length 
of  6  to  7  metres,  is  5  metres  broad,  and  about  1-3  metres  in  lieight.  Tlicy  are  three-parts 
filled  with  the  burnt  earth,  and  completely -with  water ;  the  lixivium  flows  from  tho  highest 
tazdc  to  the  lowest.     If  the  ley  is  not  of  I*  16  sp.  gr.  fn^sh  shale  is  added. 

EraporaUon  of  the  Ley.  3.  The  concentration  of  the  raw  ley  by  evaporation  is  accomplished  in 
leaden  pans.  Those,  however,  deteriorate,  crack,  are  easily  melted,  and  their  place  is  now 
generally  supplied  by  cisterns  of  masonry.  But  most  to  be  preferred  is  Bloibtreu's  method 
of  heating  with  gfas,  introduced  in  the  alum- works  on  the  banks  of  the  lihino.  The  treat- 
ment of  the  raw  ley  while  being  concentrat<Ki  depends  upon  its  condition  and  upon  the 
sulphate  of  iron  it  contains.  As  sulphate  of  iron  is  commonly  i)resont  in  lur^o  quantities 
in  the  raw  ley  or  liquor,  many  of  the  German  alum- works  are  also  vitriol-works.  "When, 
however,  the  quantity  of  sulphate  of  iron  is  too  small  to  admit  of  being  advantageously 
treated  for  the  preparation  of  sulphate  of  iron,  the  liquor  is  at  once  evaporated  until  it  has 
attained  a  sp.  gr.  of  1*40.  During  the  ebullition  basic  sulphate  of  iron  is  deposited,  the 
liquor  becomes  of  yellow-red  colour,  assumes  a  somewhat  slimy  condition,  and  has  to  ha 
rendered  clear  before  alum  is  obtained  from  it.  This  clearing  is  effected  by  pouring  tho 
liquor  into  largo  wooden  water-tight  tanks ;  tho  liquor  having  deposit^,  the  suspended 
matter  is  tapped  or  syphoned  off  from  the  sediment,  and  transferred  ^)  the  precipitation 
tank*.  ,3 
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Mwk'Timt.       4,  The  preoipitation  of  flour  of  aliun  is  effected  in  caao  it  is  dedred 
make  potasLh-aiam  by  tlie  addition  to  tlio  liquor  of  n  potash  salt,  or  of  an  ammonia  ai 
\1  it  is  dosirecl  to  mxike*  amnionia-aliim.     The  solution,  of  the  alkaline  salt  i«  called  th 
precipitant;  by  the  combinntitu  of  the  sulphate  of  alumina  contained  in  the  liquor  wit] 
the  prtHjipitajxt  alum  ib  ff>rrntHU  and  deposited  as  a  stdid  salt,  care  Wing"  taken  to  preveat^ 
the  formfttion  of  Inrg-e  crystals  by  keeping  the  liquid  stirred-     Bv  tliia  means  the  alum  ill 
dc^poaited  as  a  crystalline  powder  or  so-called  flour  of  alum,  which  by  being-  waslied  vdt 
cold  water  can  be  freed  from  anv  adhering  motlicr-liqnor.     The  precipitation  was  formerly 
effocted  by  the  addition  ol  wooa-ash  ley  or  lant ;  at  the  present  day  chloride  of  potaasiui 
obtained  either  from  kelp,  oamiillite,  or  beot-root  moloBset},  and  sulphate  of  potan^a  derivei 
from  the  decompoeition  of  koinitc,  are  employed  for  this  purpose*     Chloriae  of  potaiisiun 
i»  useful  only  when  the  fK)Intion  contains  large  qnantitiGS  of  malphato  of  iron,  which  bcii^ 
converted  into  chloride  of  iron  forms  sulphate  of  potaesa.    Potash  can  only  be  ui^ed  whe 
the  ley  contains  enough  free  Bidphuno  acid  to  combine  with  the  salt,  tor  otherwise 
port^  of  the  sulphate  of  alumina  would  become  precipitated  a^  insoluble  alumina.    TT 
ammonia  salt  made  use  of  is  generally  sulphate  of  ammonia;  100  parts  of  sulphate 
aluminii  require  for  precipitation — 

Chloride  of  potasHium  . ,  43  5  parts 

Sulphate  of  potassa      , ,      . .      , ,      . ,     509     „ 

Sulphate  of  anmionia . ,     47-S     », 

The  liquor  covering'  the  alum- flour  is  somewhat  of  a  green  colour,  and  contains  littiis 
alum,  but  chiefly  proto-perchloride  of  iron,  sulphates  of  iroui  sulpliato  of  magnesia,  or 
chloride  of  magin^sitmi,  dependent  upon  whether  the  precipitation  was  effected  by  snlphaies 
or  by  chlorides  This  liquor  is  used  for  maldnpr  impure  alum,  milphate  of  iron,  or  ia  em- 
ployed in  the  preparation  of  sulphate  of  amraonio, 

Wutitn«  nnd  5-  The  floury  alum  is  g-enerally  waiihe<l  in  the  hydro-extractor  or  ccn-^ 

BecrrKoaiMyua.  trifugal  machine  and  the  liquor  obtained  again  uiied  for  preparing  alau 
The  washed  floury  alum  is  (6)  converted  into  largo  crj'stals  by  re-crystallisation,  the  aim 
at  the  same  time  being  purified*  For  this  purpose  the  alum  flour  is  dissolved  in  40  per  cf-nt 
of  its  weight  of  boiling  water»  the  operation  ocing  carried  on  in  wooden  lead-lined  tanlci 
TTie  hot  solution  is  run  into  crj^stallisiug  vessels,  where  the  cryBtallisation  is  fijtishe 
arcordiug  to  tho  t4?riiperatnre  of  the  air  in  ei^ht  to  ten  days.  Prom  this  operatioii  hardly 
any  mother-liquor  remains,  the  vessel  being  ahnost  entirely  flll&d  with  ultim  or3rstals. 

'^'*S^cur.'^**^  l^^  Oroup. — The  manuiactiire  of  alum  and  of  sulphate  of  alu 
from  such  materials  as  contain  only  alumina,  to  which  coni*oquontly  sulphuric  acid 
and  alkalino  salts  havo  to  be  added,  has  come  largely  into  practice  in  England,  Tho 
materinla  employed  are :— a.  Clay ;  ^,  Cryolite ;  y.  Bauxite ;  8.  Blaet-fumaco  1 

a.  FrrparatioH  of  Alum  from  Cki/,' — ^The  clay  to  be  employed  for  this  purpOAo  i 
Ite  tis  free  as  possible  from  carbonates  of  lime  and  iron.  1 1  is  first  gently  heated 
contact  with  air,  partly  with  the  view  of  dchytlratatioii,  partly  for  the  puTpc»se  of  oonver  ' 
any  iron  into  oxide,  and  lastly  to  render  the  elay  more  readily  soluble  in  acids, 
dcajadntatioii  the  day  becomes  pfirous  and  fit  to  take  up  sulphuric  acid  by  eand 
lirity.  The  gently  ignited  and  powdered  clay  is  gradually  put  into  sidphurio  aoid  of  50  BJ3 
(:^l'52  sp.  gr.)  contained  in  a  leaden  pan,  undnented  nearly  to  the  boillng-point»  The 
masB  effervesces  and  becomes  thick,  and  ii  next  transferred  to  iron  tanks,  where  it 
solidifies.  It  is  afterwards  lixi\4at<xl  with  water,  or  better,  witli  the  liquor  obtained  ' 
Trashing  the  a  him -flour,  'Hie  lixivinm  having  Ix^ome  clear  by  standing  is  B^-phoncd  oj 
from  the  (sediment,  mid  boiled  with  a  fiufficicnt  quantity  of  bisulphate  of  potash  05 
etdphate  of  ammonia  from  gas- liquor.  Tlic  hot  solution  is  transf erred  to  a  shaUoi 
kaden  pan,  and  kept  stirnd  for  the  piirpowe  of  converting  the  alum  on  solidifying  inti 
flour.  Tlie  flour  in  wa-^bed*  dried,  and  is  then  ecm  verted  into  large  crystals  as  describi 
abo%'e.  The  product  known  in  the  trade  as  alum-cake  is  tho  result  of  tho  action  * 
Nulphnrio  acid  uponchiv:  it  is  met  with  in  a  pulverised  state,  is  used  more  espeoial 
Sn  tho  mimufacture  of  inferior  kinds  of  paper,  and  contains  from  13  to  17  per  cent.  ( 
alumina. 

'*'*ESi^cS7i3ii**'"°     ^'  Since  tho  year  1857  alum  and  sulphiito  ot  alumina  havo  1 
prepared  along  with  soda,  from  tho  mineral  known  as  cryolite  or  Greouland  Epar,^ 
AliFl6+6NaFl,  and  consisting  in,  100  parts  of— 

Fluorine      54*5 

Aluminium..     • .♦     ♦*     13*0 

Sodium        3-'5 
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The  following  are  the  methods  employed  for  this  purpose : — 

a,  Deeompotiiion  of  Cryolite  by  lynition  with  Carbonate  of  Zinie  according  to  T/iomseut 
Method. — I  molecule  of  cryolite  ia  ignited  with  6  xnolocules  of  carbonate  of  lime,  carbonic 
add  escapes,  and  soluble  aluminate  of  soda,  and  insoluble  fluoride  of  calcium  are  formed 
(Al^,6NaFl)+6CaCk)3=Al  0„3Na,0+6CaFl-f  6C0,.  From  the  ignited  mass  the 
aluminate  of  soda  is  obtained  by  lixiviation  with  wa^r,  and  into  the  solution  carbonic 
add  gas  is  passed.  The  rcsidt  is  the  precii)itation  of  hvdratcd  gelatinous  alumina 
and  carbonate  of  soda,  which  remains  in  solution.  If  it  be  desired  to  obtain  the  alumina 
as  an  earthy  coxnpact  precipitate,  bicarbonate  of  soda  is  used  as  a  precipitant  instead  of 
carbonic  acid.  While  the  clear  liquor  is  boiled  down  for  the  purpose  of  obtaining  car- 
bonate of  soda,  the  precipitated  alumina  is  dissolved  in  dilute  sulphuric  acid ;  this  solution 
is  eraporated  for  the  purpose  of  obtaining  sulphate  of  alumina  (so-called  concentrated 
alum),  or  the  solution  after  having  been  treated  with  a  potassa  or  ammonia  salt  is  converted 
into  alum.  100  lbs.  of  cryolite  yield  33  lbs.  of  alumina,  which  require  90  lbs.  of  sulphuric 
acid  to  yield  a  neutral  solution  ;  100  lbs.  of  cryolite  will  therefore  j-ield  305  lbs.  of  alum, 
and  may  give  in  addition  : — 

Calcined  soda 75*0  lbs.,  or 

Crystallised  carbonate  of  soda       . .     . .  203*0    „    or 

Caustic  soda       . .     . «     44-0    „    or 

Bicarbonate  of  so<la 1 19'5    „ 

b.  Decomposition  of  Cryolite  with  Cauxtic  Lime  by  the  Wet  Way  {Sauencein^s  Method) . — 
Very  finely  ground  cryolite  is  boiled  with  water  and  lime,  the  purer  the  better,  and  as  free 
from  iron  as  possible,  m  a  leaden  pan.  The  result  is  the  formation  of  a  solution  of  alumi- 
nate of  soda  and  insoluble  fluoride  of  calcium. 

(Al,Fl^,6NaFl)  ^-  ^CaO= Al,03,3Na,0-t-  6CaFl  . 
When  the  fluoride  of  calcium  has  been  deposited,  the  clear  liquia  is  decanted,  and  the 
sediment  washed,  the  first  wash- water  being  added  to  the  decanted  liquor,  and  the  second 
and  third  wash-waters  being  used  instead  of  pure  water  at  a  subsequent  operation.  In 
order  to  separate  the  alumina  from  the  solution  of  aluminate  of  soda,  there  is  added  to  the 
liquid  while  being  continuously  stirred,  very  finely  pulverised  cryolite  in  excess,  the  result 
of  the  decomposition  being  exhibited  by  the  following  formula  : —  * 
(Alj,03.3Na,0)  +  (Al  Fl6,6NaFl)  =2Al,0,-t-  i2Nari. 
When  no  more  caustic  soda  can  be  detected  in  the  liquid — a  small  quantity  of  which 
should,  after  filtration,  j-iold,  upon  the  addition  of  a  solution  of  sal-ammoniac  and  applica- 
tion of  heat,  a  precipitate  of  alumina — it  is  left  to  stand  for  the  purpose  of  becoming  clear. 
The  clarified  solution  of  fluoride  of  sodium  is  then  drawn  off,  and  the  alumina  treated  as 
above  described.  The  solution  of  fluoride  of  so<lium  having  been  boiled  with  caustic  lime 
yields  a  caustic  soda  solution  which,  having  l>ecn  decanted  from  the  sediment  of  fluoride 
of  calcium,  is  evaporated  to  drj-ness.  R^^cently  the  fluoride  of  calcium  obtained  as  a  by- 
product of  the  cryolite  industry  is  used  in  glass-making. 

e.  The  decomposition  of  crj'olite  by  sulphuric  acid  yields  sulphate  of  sodn,  convertible 
into  carbonate  by  Leblanc's  process,  and  sulphate  of  alumina  free  from  iron.  23 S  parts  of 
crjrolite  require  for  decomposition  240  parts  of  anhydrous  or  321  parts  of  ordinary  sulphuric 
acad.  The  resulting  compounds  are  sulphate  of  alumina,  sulphate  of  soda,  and  hydrofluoric 
add: — 

^^^^O'^'^^.i    yield  jf^S- 

This  method  of  decomposing  crj'olite  is,  however,  by  no  means  to  bo  recommended,  as 
owing  to  the  liberation  of  hydrofluoric  acid,  |>eculiarly  constructed  apparatiw  are  required ; 
"  while  the  sulphate  of  soda  has  to  be  converted  into  carbonate  of  soda.  Porsoz  Kuprge.sts  that 
cryolite  should  be  treate<l  in  platinum  vessels  with  three  tim(?s  its  weij^ht  r»f  strong  sulphu- 
ric acid,  to  be  recovered  with  the  hydrofluoric  acid  by  distillation.  The  soliil  residue 
should  be  treated  "w-ith  cold  water  in  order  to  dissolve  the  larger  part  of  the  bisiilphate  of 
soda  contained  in  the  saline  mass,  from  which  the  anhydrous  sulphate  of  alumina  is  ex*- 
tractcd  with  boiling  water,  and  converted  by  the  addition  of  sulphate  of  potassa  or  ammonia 
into  alum  free  from  ij*on.  The  solution  of  bisulphate  of  soda  havinpr  been  evaporated  to 
dryness,  is  employed  for  the  preparation  of  fimiing  sulphuric  acid,  Glauber  s  salt  remain- 
ing as  a  residue. 

^Trom  Smxitil^""  7.  In  some  ports  of  Southern  France,  in  Calabria,  n  oar  Belfast,  Ire- 
land, and  other  parts  of  Europe,  a  mineral  occurs,  consisting  essentially  (60  per  cent.) 
of  hydrated  alumina  of  greater  or  less  purity,  termed  bauxite,  from  the  fact  of 


aeio  CSEMICAL  TECENOLOGY, 

having  been  first  found  in  tlio  commune  of  Baux,  in  France.    In  ordcjp  to  prepa 
alum  and  aiilpliuto  of  alumina  from  this  mineral  it  is  first  disintegrated  by  beii 
ignited  with,  carbonate  of  soda,  or  with  a  mixture  of  sulpha  to  of  soda  and  charcoal  J 
in  each  instance  the  lixiviation  of  the  ignited  mass  yields  aluminato  of  soda,  from  ^ 
which,  by  proeesees  already  described  under  Cryolite,  alum,  orsulphate  of  alumina, 
and  soda  are  prepared. 

f^riSS*-rti!i-i?SSe-  ^-  ^'  I^i^nnann  recommends  that  the  alag  be  decompoHod  by 
means  of  hydrodilonc  acid.  From  the  resulting  solution  of  chloride  of  aluminium 
the  alumina  ia  precipitated  by  carbonate  of  Hme,  any  dissolved  silica  l)eing  preci- 
pitated at  the  same  time.  The  alumina  is  dissolved  in  sulphuric  acid,  leaving  the 
silica.  loo  kilos,  of  elag  containing  35  per  cent,  of  alumina  yield  180  kilos*  of  alu 
and  31  kilos,  of  sihca. 

Alum  tram  Felspar,  ^tk  Gvoup* — ^Tho  manufacturc  of  alum  from  minemlai,  (for  instance, 
felspar)  containing  alumina  and  potassa,  is  not  of  any  industrial  importance  ;  we 
th«3refore  refer  the  reader  to  what  has  been  said  (see  page  122}  on  the  Preparation  of 
Potibssa  Salta  from  Felspar, 

pnipmiciorAiam.  Potash-alum,  ^^  j  4S04+24HiO,  or  KaS04+Ala( 804)3  +  24H,0» 
oonsiBta  in  100  parts  of: — 

Potassa       . .    •  t       9*95 

Alumina     . •  .     .  .     lo'Sj 

Sulphuric  acid •     35'7i 

Water         45'5i 

IOOHX> 

crjTatallises  readily  in  regular  octhahotira,  loses  at  60*  r 8  moliu  of  water,  and  J 
at  92'  in  its  water  of  crystallisation,  yielding  a  colourless  fluid  which  retains  its  stal 
of  aggregation  for  some  time  after  cooling  before  solidifying  into  a  orj^taUine  : 
At  a  temperatiiro  a  little  below  red  h».'at  alum  loses  all  its  water,  becoming  conv 
into  burnt-alum^  alumen  udum^  a  white,  porous,  readily  friable  mass.  When  ignited 
with  carlionaceous  matter,  air  being  excluded,  potash-alum  forms  a  pyrophorio 
compound : —  * 

100  parts  of  water  at   cP  dissolve    3*9  parts  of  potash-alum, 
»•  .1  ao°      M        15'8  „  ,, 

»f  PI  40*      t»        312  „ 

1000      ,»      360-0 

The  solution  of  ftlnm  in  wat^r  (the  salt  la  instable  in  nlooliol)  has  on  a^triageni  sweet 
taste,  and  ^poasesies  aa  acid  roaotion  ao  strong  that  when  alum  in  lioated  with  oommon  1  ' 
faydrochlono  odd  is  svolTed ;  ivMo  aoonoentrated  solation  of  alum  destroys  the  blue  i 
of  many— not  ol  aU--iutifidal  ultramarines. 

AnundnlE-Alum,  Thia  Salt,      p^J^'  }  4^0^  +  24H,0,  OT  (i!m^)J&Oi  +  A(90J^  +  24H(X 

couaiats  in  too  parts  of : — 

Ammonia        3*89 

Alumina  . .     . .      . .     . .     . .     . ,  1 1  '90 

Sulphuric  acid       ., »  35"io 

Water .,     ..     ,,  4S11 

loooo 

Ammonia-alum  is  now  far  more  ertonsiroly  inimufactured  than  potash-alum.  When 
ammonia-alum  is  strongly  heated,  milphate  ol  ammonia,  water,  and  aulDhurie  aold  m 
drivin  off,  and  alumina  remains. 
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100  parts  of  water  at  o*^  dlBsolye    5*22  parts  of  ammonia-alum. 
„  »         20°      „        1366  „  „ 

n  »>  40         ff  27*27  })  n 

„  „       icx)"      „      42190  „  „ 

The  fbrmtila  of  this  salt  is — 

^*  I  4SO4  +  24H:,0,  or  NaaS04 + hlJ^^O^^  +  24H,0 

containing  in  100  parts : — 

Soda 6-8 

Alumina 11*2 

Sulphuric  acid 34*9 

Water 47'! 

ioo*o 

it  is  aa  readily  prepared  from  sulphate  of  alumina  and  sulphate  of  soda  as  the  alums 
already  mentioned,  but  its  solubility  prevents  the  separation  from  the  mother-Uqnor, 
while  its  solution  when  boiled  loses  the  property  of  crystaUising*.  As  iron  cannot  be 
removed  from  this  salt  by  re-crystallisation,  the  materials  it  is  obtained  from  should  be  free 
from  that  metal.  The  solutions  should  be  mixed  cold,  and  gently  evaporated  at  a 
temperature  not  exceeding  60**. 

l^entral  or  cubical  alum  (KjSO^  -|-  Al203,2S03)  is  obtained  either  by  addinj?  to  an  uhim 
Bolution  so  much  carbonate  of  potassa  or  soda  as  will  begin  to  separate  the  alumina,  or  0 
solution  of  alum  is  treated  with  gelatinous  alumina.  By  boiling  12  parts  of  oliun  and  i  part 
of  daked  lime  in  water,  the  same  salt  is  obtained.  This  neutral  salt  is  often  preferred 
in  dyeing  and  calico  printing,  as  it  does  not  aifect  certain  colours.  When  ammonia-aliun 
is  similarly  treated,  it  also  yields  a  neutral  alum.  Blesser  (n)  and  Schmidt  {b)  found  the 
following  to  be  the  composition  of  cubical  alum  in  100  parts : — 

a.  h. 

Sulphuric  acid      34'52  33*95 

Alumina ir86  11.48 

Potassa 9*44  9-04 

Water 45*27  45-61 

ioro9  loo'oS 

Insoluble,  or  basic  alum,    -^  |  2SO4,  is  obtained  by  boiling  a  solution  of  oliyn  with 

hydrate  of  alumina;  it  is  a  white,  insoluble  powder,  and   as  rcg-urds  its  composition 
similar  to  alum-stone.    Basic  alum  is  soluble  in  acetic  acid. 

suirhate  of  Alumina.  Tho  activo  principle  of  alum  is  evidently  tho  sulphate  of 
alumina,  not  the  sulphates  of  potassa  and  ammonia,  tho  object  of  tho  preparation  of 
tho  double  salt  being  simply  tho  obtaining  of  a  definite  compound,  which,  while  it 
readily  crystallises,  can  be  obtained  in  a  pure  state,  especially  free  from  iron,  a  very 
injurious  ingredent  in  alum  used  in  dyeing  and  calico-printing.  However,  at  the 
present  day,  with  improved  methods  of  manufacture,  sulphate  of  alumina  is  largely 
prepared,  and  of  excellent  quality.  It  is  often  sold  under  tho  name  of  concentrated 
alum ;  and  occurs  in  the  trade  as  square  cakes.  It  is  white,  somewhat  transparent, 
and  may  be  cut  with  a  knife ;  is  readily  soluble  in  water,  conteins  always  free 
sulphuric  acid,  and  also  to  some  extent  potassa,  and  soda-alum. 

In  the  pure  state  this  salt  has  the  formula,  Al2(S04)3  +  i8HaO,  and  contains  in 
100  parts — alumina,  1878  ;  sulphuric  acid,  38*27  ;  water,  42*95 ;  total,  100.  That 
the  composition  of  this  salt  as  met  with  in  commerce  varies  gi-eatly  may  be  inferred 
from  the  following  results  of  Varrentrapp*s  analyses  of  different  samples  of  this 
■alt:— 

I.  2.  3.  4. 

Alumina 15*3  12*5  15*1  13*0 

Sulphuric  acid  . .     . .     38*0  30*6  38*0  340 
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According  to  the  fommla,  the  quantity  of  anilpliuric  acid  in  Hreee  samples  akould 
liuvo  beeii-^ 

I.  2.  3-  4- 

35'8  29-3  4i'3  30*5 

The  quantity  of  water  even  varicit  betwoen  56  and  48  per  cent,  for  different 
parta  of  the  same  cake.  Woygand  found  a  somjjle  of  this  salt  prepared  at  Schwemaal 
to  cimttiin— alumina,  15*57;  sulphuric  acid,  38*13;  oxide  of  iron,  1*15;  potassa, : 
062;  water,  4579  parts.  The  sulphate  of  alumina  prepared  from  cryolite  at 
Harbnrg  contains  about  5  per  cent,  of  sulphate  of  soda.  The  results  obtained  iu 
the  analyses  by  II.  Flock  of  various  samples  of  sulphate  of  alumina  are : — 
Sulphate  of  alumina     , .      . .     4 7 '3 5 

Sulphate  of  soda 4-35 

Free  sulphuric  acid       . .      - .      073 
Water      ..     .. 47*37 


50*80 

5163 

1-24 

077 

0*27 

— 

47*47 

46-94 

99-80 


997S 


99*34 


Btilphato  of  aliumna   is   prepared  either  from  clay,  cryolite,  or  bauxfto  by  m<;tho 
■llWd^  described.     When  cltiv  is  employed,  the  iron  has  to  bo  rcmovGd  fri>m  the  diluti 
tollKtion  of  the  aulphat*  of  alrnnina  by  prceipitation  as  Berlin  blue  by  means  of  ferrc 
OTuaode  of  potaaaiam.     W>itii  cryolite  ia  used,  the  alumina,  separated  from  the  8olutio 
A  alaminate  of  soda  by  carbtjnio  acid,  or  powdered  cryolite,  is  put  int-o  aulphuHc  acid 
oootaiiied  in  a  wooden  lead-lined  tank,  and  heated  to  So''  to  90",  the  addition  of  the  alur  ' 
to  the  acid  beiog  contiiiuod  until  solution  censes  to  take  place.     The  solutioa  having  1 
islusfied  by  standing  for  eome  time  is  next  eyiipomted  id  a  copper  vessel  until  the 
foaos ;  it  is  then  cast  into  moulds-     With  duo  care  sidphate  of  aluniiina  may  be  u<M?d  hi 
dyeing  and  calico-printing,  but  it  caiuiot  be  altogether  bubatituted  for  alum,  owing"  to  iti 
yanable  eompositlun. 

AiimiaitBaf  stMtft.  Aluminato  of  soda  is  noTv  prepared  on  the  lai^go  ecale,  as  it  has 
been  Ibimd  to  ba  a  useful  form  of  soluble  alumina,  especially  in  dyeing  and  calico- 
printing.  The  preparation  of  this  compound  is  brti?ed  upon  the  solubility  of  hy- 
drate of  alumina  in  caustic  potassa  or  so<hi-ley,  and  tho  ready  decomposition  oi 
the  solution  by  carbonic  and  acetic  acids,  bicarbonate  and  acetate  of  aodji,  sal- 
ammoniac,  &c. 

Aluminate  of  soda  was  first  brought  under  the  notico  of  dyers  by  Maoquer  and 
Ilatifiamann  in  18 1 9,  but  owing  to  the  preparation  being  too  cxpcnsiyoit  did  not  come 
into  indueti-ial  application  until  comparatively  recently.  T\^o  have  already  described 
tho  mode  of  manufacturing  aluminate  of  soda  from  cryolite ;  but  in  Germany — the 
chief  seat  of  crj^olito  industry— this  salt  is  not  made  on  tho  large  scale ;  in  Franco 
it  is  manufactured  by  Merlo  and  Co.,  at  Alais,  and  in  England  at  Uio  Washington 
Ohemioal  Works.  I  a  France  bauxite,  containing  60  to  75  jK^r  cent,  of  alumina,  and 
igmi  I  a  to  20  per  cent,  of  oxide  of  iiun,  is  the  raw  material,  and  ia  treated  with 
caustic  or  carbonate  of  soda.  K  caustic  soda  is  used  tho  pulroriscd  mineral  id 
boiled  with  a  solution  of  tho  alkali ;  while  if  the  carbonate  is  employed  tho  mixtoro 
is  ignited  in  a  reverberatory  furnace.  In  either  case  aluminate  of  soda  is  i>roduood, 
dissolved — in  the  cose  of  ignition  the  semi -fused  mass  is  lixiviated  with  water — and 
evaporated  to  dryness.  Tho  salt  mot  with  in  commerce  ia  a  white  powder  with  a 
green-yellow  hue,  dry  to  the  touch,  and  consisting  of — 
Alumina 


Soda       ..     

Chlondo  of  sodium  and  Ghiuber'a  salt 


48 

44 
8 
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The  formula,  jj^  |  Oe  would  roquiro : — 

Alumina     . .     . ,     5279 
Soda 47*21 

100*00 
Aluminate  of  soda  is  equally  soluble  in  cold  and  hot  water.  Exposed  to  air  it  ab5K)rbs 
moisture  and  carbonic  acid,  and  consequently  on  beings  dissolved  in  water  the  salt  so 
changed  yields  a  turbid  solution,  owing-  to  alumina  being*  suspended.  The  aqueous  solution 
of  this  salt  is  not  stronger  than  10"  to  12"  B.,  =  1*07  to  1*09  sp.  gr.  According  to  Le 
Chatellier,  Dcville,  and  Jacquemart,  sulpliate  of  alumina  is  tlio  starting-point  of  the 
preparation  of  the  aluminate  of  soda  by  i)recipitating  from  the  sulphate  the  alumina, 
and  re-dissolying  the  latter  in  caustic  scxla  ley.  Aluminate  of  soda  is  used  in  dyeing 
and  calico-printing;  further,  for  the  preparation  of  lake  tjolours,  induration  of  stone, 
and  the  manufacture  of  artificial  stone,  and  for  th(*  «ai)onification  of  fats  in  stearine 
caudle  manufacture,  an  alumina  soap  l)cing  first  funned,  which  is  decomposed  by 
acetic  i^id  into  acetate  of  alumina  and  free  fatty  acid.  Aluminate  of  soda  is  largely 
used  in  The  preparation  of  an  opaque,  milky-looking  glass,  or  semi-jwrcelain.  Aluminate  of 
soda  is  a  by-product  of  Balard's  method  of  soda  manufacture  from  bauxite,  Glauber's 
salt,  and  coal ;  this  by-product,  or  rather  pro<luct  of  the  Fc<'ond  stage  of  the  i)roce8s,  is 
decomposed  by  carbonic  acid  into  carbonate  of  soda  and  alumina,  which  is  thrown  down. 
The  Pennsylvania  Salt  Manufacturing  Company  at  Natrona,  near  Pittsburg,  manufacture 
large  quantities  of  aluminate  of  soda,  which  is  Uf^ed  in  soap-boiling  under  the  name  of 
natrona  refned  saponijifr, 
Utetof  Aiumandof  Owing  to  the  great  affinity  of  the  alimiina  contained  in  alum  for 

SniphMcorAiamioa.  textile  fibres,  e-sxHcially  wool  and  cotton,  alum  is  largely  used  as  a 
mordant  in  dyeing,  except  when  the  tar  colours  are  employo<l.  Again,  owing  to  the 
affinity  of  alumina  for  many  pigments,  alum  is  employed  in  the  preparation  of  the  lake 
colmiTS,  combinations  of  active  colouring  principles  witli  alumina.  It  is  also  used  in  the 
melting  of  tallow ;  for  hardening  gypsum ;  is  found  in  the  preparation  used  for  sizing 
hand-made  paper,  the  alum  in  this  case  forming  with  the  glue  or  size  an  insoluble  com- 
pound. Alum  with  resin  is  employ(-d  for  the  same  purpose  in  machine-made  paper,  an 
alumina-pinato  being  formed.  It  is  very  largely  used  for  the  preparation  of  acetate  of 
alumina,  and  with  common  salt  in  the  tawing  of  leather.  Alum  is  eniployc<l  in  clarif  j-ing 
turbid  fluids,  more  especially  water ;  in  this  case  the  alum  takes  up  the  alumina  suspended 
in  the  water,  and  forming  an  insoluble  (basic)  alum  carries  down  organic  and  other 
Bospended  impurities.  A  boiling  solution  of  alum,  common  salt,  and  nitnito  of  potassa 
ia  iiJsed  by  jewellers  for  the  purpose  of  colouring  gold,  that  is  to  say,  to  produce  a  film  of 
pure  gold  on  tlie  alloy,  the  copper  of  wliich  is  dissolved  by  tlie  boiling  solution. 

Acetate  of  Aiamina.  This  salt  is  preparc<l  by  double  decomposition  :  generally  sulphate  of 
alumina  and  acetate  of  lead  are  used,  and  occasionally  the  acetates  of  baryta  and  lime. 
The  liquor,  separated  by  filtration  from  sulpliate  of  lead,  is  gently  evaporutwl  to  dryness  ; 
the  dry  salt  is  gelatinous,  and  does  not  crystallise,  is  very  hygroscopic,  and  possesses  a 
strongly  astringent  taste.  ^Vhen  a  solution  of  acetate  of  alumina  is  evaporated  in  con- 
tact with  air,  acetic  acid  is  driven  off,  and  a  basic  acetate,  insoluble  in  water,  formed. 
Ckmmiercially  pure  acetate  of  alumina  is  nirelv  used,  as  the  so-called  red-liquor,  mordant 
roHge^  consiste  of  a  mixture  of  alum,  acetate  oi  potassa,  and  sulphate  of  potiissa.  Wlien 
it  is  desired  to  prepare  neutral  acetate  of  alumina  from  alum,  to  100  parts  of  acetate  of 
load  62*6  parts  of  alum  are  require<l  for  complete  mutiml  decomposition  ;  but  it  is  more 
advantageous  to  convert  a  solution  of  alum  into  insoluble  alumina  by  means  of 
carbonate  of  soda,  and  to  treat  with  acetic  acid.  Acetate  of  alumina  is  not  an  ordinary' 
article  of  commerce,  as  tlie  salt  is  usually  prepared  by  the  consumers.  Besides  being 
largely  used  in  dyeing  and  calico-printing,  acetate  of  alumina  is  employed  for  water- 
proofing woollen  fabrics.  Among  the  salts  of  alumina  employed  industrially  are — hypo- 
sulphite of  alumina,  suggested  bv  E.  Kopp  as  a  mordant  for  cotton ;  hjiiochlorite  of 
alumina,  known  as  Wilson's  bleaching-liquor,  and  us<?d  in  bleaching- works ;  sulphite  of 
alumina,  for  the  purpose  of  purif  j-ing  beet-root  juice  ;  oxalate  of  alumina,  suggested  by 
Dent  and  Brown  for  the  preservation  of  stone,  marble,  dolomite,  &c. 
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Ultramarine, 

uitmnanae.  Under  tliia  name  is  now  understood  an  artificial  bine  pigment, 
formerly  and  still  obtained  in  smaU  quantities  from  the  hipii  lazuiu  The  quantity 
of  artificial  ultnimarine  manufacturtHl  in  Euroj)©  amounts  to  iSo,ooo  cwts.  annually- 
LapU  lazuli  is  a  scarce  mineral,  possessing  a  boautifiil  bkio  colour.  The  sp.  gr. 
varies  from  275  to  z'95.  The  coarser  pieces  of  this  mineral  are  pulverised,  heated 
to  redness,  and  imnicdiatcly  dipped  into  water,  then  very  finely  ground,  and  the 

KiUrr  Lntr»nuirtu«,  powdcT  trcatod  With  diluto  acetic  acid  to  cUminftte  carbonate  of 
lime.  The  powder  is  next  well  incorporated  with  a  mixture  of  equal  parts  of  resin, 
wax,  Hnacjed*i>il,  and  Itur^mdy-pitch  ;  this  paste  is  kneaded  under  water  until  no 
more  bluo  pigment  remains  suspondwL  The  quantity  ol'  ultramaiine  obtained 
amounts  to  2  to  3  per  cent.  This  natural  ultramarine  is  highly  prized  for  its  extreme 
beauty,  softness  of  colour,  and  durability,  not  being  affoctod  by  light,  oil,  and  lime. 
Chemical  analysis  of  tho  lapis  lazuli  first  gave  tlie  clue  to  the  true  conipolition  of 
this  material,  ami  led,  after  many  unsuccessful  attempts,  to  the  preparation  of  ai*tificial 
ultrumarine,  not,  however,  by  any  means  equal  to  the  native  pigment,  although  it 
has  driven  iismalt  and  other  bluo  pigments  neai-ly  out  of  the  market.  Lapis  lazvli 
oonsiste  in  100  parts  of — silica,  45*40 ;  alumina,  31*67  ;  soda,  9*09 ;  sulphuric  acid, 
5-89:  sulphur,  o'95  ;  lime,  3*52;  iron,  086  ;  chloriue,  0*42;  and  water,  o'i2. 

Aryftcbi  ritramttiine.  Gmeliu  first  made  artificial  ulti'amarine  on  a  very  smaU  scale  in 
1S22 ;  but  not  before  1S2S  was  ultramarine  industiiallj'  obtained  by  Guimet,  i 
Lyons.  la  Germany  the  first  manufactories  of  ultraraarino  wore  established 
WermedskiiThen,  in  1S36,  by  Br.  Lcverkuss,  and  at  Nuremberg,  in  1838,  by  MiL 
Zeltner  and  Leykauf :  the  manufacture  of  artificial  ultramarine  in  England  is  of 
very  recent  date,  and  is  still  on  a  very  limited  scale.  Franco  and  Germany  are  the 
countries  where  this  industry  is  most  developed.  Of  Lite  )*ears  the  procest 
manufacture  hsis  been  improved  by  K.  lloffmann,  the  manager  of  a  factory 
Marienberg,  in  Hesse  u ;  Wilkins,  at  Kaiserslautem ;  Furstenau,  at  Coburg ;  and 
Gentele,  at  Stockholm. 

tiwir  Matcriau.  Thcse  are — u  Silicate  of  alumina  arf  free  as  possible  from  iron,  a 
good  china  clay,  tho  kaolin  of  Cornwall  l:>eing  ebtoemed  the  best ;  a.  Calcined  eul- 
jihate  of  soda;  3,  Calined  soda;  4,  Sulphuret  of  sodium,  as  a  by-product  of  tho 
manufacture;  5.  Sulphur;  6.  Pulverised  charcoal,  or  pit-coal. 

Porcelain,  or  china-clay,  is  generally  used,  or  a  white  chiy,  the  composition  gf 
which  is  nearlj*  the  same.  Small  quantities  of  lime  and  magnesia  have  no  injuria 
effect,  but  the  oxide  of  iron  should  not  exceed  1  jier  cent.  The  composition  of  t 
clay  should  approach  as  nearly  as  possible  to  the  formula  Si^O^Ala;  the  silica  may 
bo  combined  or  partly  free.  The  clay  Ls  washed  with  water  and  trc^ated  in  tho  samo 
manner  as  for  the  making  of  porcelain ;  it  is  next  dried,  ignited,  and  ground  to  a 
very  fine  powder.  Tho  sulphate  of  sotla  should  not  contain  any  free  acid.  lead,  or 
iron.  If  the  sulphate  docs  not  possess  the  requisite  qualities  it  is  dissfdved  in 
water,  milk  of  lime  being  added  to  neutralise  th*-^  acid  and  to  precipitate  oxide  { 
iron.  The  clear  solution  is  left  to  crystallise ;  and  the  crystals  are  ignited  in  ( 
Tovorberatory  furnace  and  then  pulverised  by  millwork.  Tho  clear  solution  is  in 
some  cases  evaporated  to  dryness  and  ignited  in  iron  vessels.  Barium,  but  not 
potassium  salts,  formultramarine  (see  **Chemical  News/*  vol.xxiii.,pp.  1 19, 142, 204), 
The  calcined  soda  is  obtained  from  tho  alkali  works,  and  should  contain  at  least  yo  ] 


ULTRAMARINE,  2C5 

eent.  of  carbonate  of  soda ;  it  is  also  finely  pulverised.    Very  recently  caustic  soda 
has  been  substituted  in  some  ultramarine  works.     Sulpburet  of  sodium  (NajS)  is 
usually  a  by-product  of  the  process  of  makin<c  ultramarine,  and  is  obtained  either 
in  solution  or  as  a  dry  powder.     The  sulphur  is  used  very  finely  pulverised.     The 
carbonaceous  matter  employed  is  also  in  a  very  fine  powder.  Its  use  was  introduced 
by  Laykauf  for  the  purpose  of  deoxidation.     In  order  to  have  the  carbon  in  as 
finely  divided  state  as  possible  it  is  ground  to  a  pulp  with  water  under  granite  stones ; 
the  pulp  is  lixiviated,  and  the  fine  powder  obtained  dried  and  passed  through  a  sieve: 
in  some  cases  resin  and  pitch  is  employed.  For  those  ultramarines  not  to  have  their 
colour  discharged  by  alum,  pure  silica,  either  as  fine  glass,  sand,  or  pulverised 
quartz  is  used.     Several  substances  are  used  to  reduce  the  depth  of  colour  of 
ultramarine,  viz. — gypsum,  sulphate  of  baryta,  baryta- white,  and  flour ;  the  last  is 
employed  in  making  up  washing-blue. 

ifnnfbc€ii|eof  uitnunirine.  The  mcthods  of  ultramarine  preparation  may  bo  classified, 
according  to  the  crude  materials  employed,  as  the  three  following : — 

a.  Preparation  of  Sulphate,  or  Glauber's  salt  ultramarine. 
3.  ,         ,,       Soda-ultramarine. 

y.  „         ,,       Silica-ultramarine, 

a.  Preparation  of  Sulphate-  Ultramarine. — This  ultramarine  is  prepared  according 
io  the  Nuremberg  process  from  kaolin,  sulphate  of  soda,  and  charcoal;  the  pre- 
paration consisting  in  two  distinct  stages,  viz. : — 

a.  Preparation  of  green  ultramarine. 

6.  Conversion  of  green  into  blue  ultramarine. 

a.  Preparation  of  Green  Ultramarine. — In  order  to  obtain  a  most  intimate  mixtiire  of 
the  dry  and  finely  pulverised  materials,  small  quantities  are  weighed  off,  mixed  in  wooden 
trouglts  by  means  of  shovels,  and  several  times  passed  through  sieves.  If  solutions  of 
Qlanber  s  salt,  soda,  and  sulphide  of  swlium  are  used  instead  of  powders,  the  kaolin  is 
mixed  with  these  solutions,  and  the  whole  evaporated  to  dryness,  gently  ignited  in  a 
leverberatory  furnace,  and  tlien  pulverised  and  siftt-d.  The  quantities  of  the  crude 
materials  vary,  but  the  following  conditions  have  to  be  complied  with  : — i.  Soda,  whether 
sulphate  or  caustic,  must  be  present  in  such  quantity  that  it  can  saturate  half  of  the  silica 
of  the  clay  (kaolin).  2.  There  must  bo  sufficient  sotla  remaining:  to  form  with  the  sulphur 
a  certain  quantity  of  polysulphuret  of  sodium.  3.  There  ought  to  remain  ( nouprh  sulphur 
and  sodium  to  form  another  sodium  8uli)huret  (Na.,S),  after  deducting  from  the  whole 
mixture  as  much  green  ultramarine  as,  acoordin^^  to  its  composition  as  pnjved  by  recent 
analysis,  the  silica  and  alumina  present  are  capable  of  fonuing.  The  following  figures  will 
give  an  idea  of  the  proportions : — 

I.  II. 

Kaolin  (dried)      100  100 

Calcined  Glauber's  salt      ..     83 — 100  41 

Calcined  soda       —  41 

Carbon  (char-  or  i)it-coal) . .  17  17 

Sulphur        —  13 

For  100  parts  of  calcined  soda  80  parts  of  calcined  Glauber  s  salt,  and  for  100  parts  of 
the  latter  60  of  dry  sulphuret  of  sodium  are  taken. 

It  is  usual  to  have  a  largo  quantity  of  tins  mixture  prepared  for  use.  If  this  mixture  is 
ignited  without  access  of  air,  a  white  mass  is  obtained,  which,  having:  been  treated  with 
water,  is  a  light,  somewhat  floc^ulent,  white  substance,  to  wliich  liittcr  has  ^ven  the 
name  of  white  ultramarine.  It  becomes  green  by  exposure  to  air,  and  blue  by  ])eing  cal- 
cined in  contact  with  air.  The  mixture  is  well  rammed  into  fire-clay  crucibles,  placed 
in  furnaces  similar  in  construction  to  those  used  for  bumins"  porcelain,  bi-ing  raised  and 
maintained  at  a  high  temperature  with  a  very  limited  8uj)ply  of  air.  This  operation  lasts 
■even  to  ten  hours,  and  is  completed  at  a  bright  white  heat.  The  furnace  is  closed  and 
slowly  cooled ;  on  remo\'ing  the  crucibles,  the  contents  appear  as  a  semi-fused  grey-  01 
yellow-green  mass,  which  is  repeatedly  treated  with  water.  Tlio  ultnimarine  thus  obtained 


0lib  CHEMICAL   TECEJ^OZOGr, 

ig  in  porous  ItimpSi  which  are  pulTerised  to  au  impalpable  powdor ;  this  is  washed,  dried^ 
and  again  grotmd^  tlicn  sifted,  and  imaUj  packed  in  boxes  or  casks,  and  Bent  into  tbc* 
nuirkct  as  green  ultramarine,  cozuistlng,  accoording  to  St^LzeFe  an&ljaia  (1S55),  in  100 
pixrt»,  ot — 

Alumina     . ,     . ,     , .  30"  1 1 

Iron o'4Q  (peroxidG  of  iron,  07J 

Calcium      . , 0-45 

Sodium       ,     ,,  1 9 '09  (j^oda,  2573) 

Silica .  37  4^ 

Sulphuric  acid 076 

Sulphur      6'o8 

Chlorine      ,,      . , . ,       0-37 

Magiie(aia,  potassa,  phosphoric  add      . .    tracer 

9481 
Ojcygen      .     ..      5*19 

tOO'OO 

Green  ultramarine  is  a  pigment  of  oompiiratively  inferior  value,  owing  to  its  being  leM 
brilliant  than  the  green  copper  plgmenta. 

h.  ConvenioH  of  Grean  irtto  Blue  Cltranmrtne. — Tliij*  operation  may  be  Tarioualy  effected* 
penerally  by  roasting  the  green  ultramarine  and  sulphur  at  a  low  temperature  with  aooeift 
of  air,  jHio  as  to  form  aiilphurous  aoid,  whilo  a  portion  of  the  sodium  ia  oxidised  into 
aciluble  sulphate  and  aftenvards  washed  out ;  but  the  nulphur  originally  praeent  in  tli* 
green  ultnimarine  remaina  cambtned  with  a  smaller  quantity  of  eodium.  The  KWMting 
may  be  rariously  carried  out,  but  xery  frcqneatly  the  apparatus  consiste  of  a  fixed  ii^ 
oylinder  simihtr  to  a  gas-retort,  proTided  with  a  stirring  apparatuft,  by  meana  of  whi 
tile  mixture  of  green  uUmmariuo  and  sulphur  (25  to  30  lbs.  of  the  fonner  to  t  lb. 
Bulphur)  i-i  submitted  etiually  to  the  souret?  of  heat.  The  addition  of  sulphur  ia  repeats 
until  the  dt-sirtd  blue  colour'ia  prc»duced  ;  but  in  some  works  this  calcination  is  interrupt* 
by  repeated  lixiWation,  the  object  being  to  produce  a  superior  article.  Mnffle-OT 
and  a  kind  of  reverberatory  oren  are  also  ujaed  for  this  openition.  The  sulphurouB  i 
which  is  evolved  in  large  quantities,  is  now  generally  employed  in  making  sulplini^ 
send,  Bometimcfl  a  co-product  of  ultramarine  manufacturer  and  used  for  the  prepantia  _ 
of  the  sulphate  of  soda  required.  Tho  ultramarine,  when  quite  blue,  is  ptilreriaed,  lixi- 
\iated,  dried,  and  finally  aeporated  into  nuiooa  qimlities  known  in  the  trado  as  No.  00,  I, 
2,  3,  &c. 

^"^lum^^'      ^»   ^  manufactured  in  France,  Uelgium,  and  ©otno  parti 
Oennany,  tluB  idtnunarijio  ib  cither  pure  soda-ultramarine  or  a  tnixttire  of  aoda^ 
and  sulphate 'ultTamarino.    Tlio  tnatoriala  and  proportions  are — 

I.         n.        in. 

Kaolin . .      . .  100  100  100 

Sulphate —  41  — 

Soda 100  41  90 

Carbon  (charcoal  or  pit -coal)        ..  la  17  6 

Sulphur    . .      . .  60  I J  100 

Bosin          ......  —  —  6 

Tho  ignition  takes  place  either  In  crucibles,  or,  bettor,  in  a  reTerberatory  fiirnaoo; 
the  FOBult  is  tho  formation  of  a  brittle  and  porous  green  substance,  which  abaorfa 
oxygen  very  rapidly,  bo  that  during  the  cooling  of  the  mass  in  the  ovoni  tho  great 
part  is  converted  into  blue  ultramarluo.  Tho  complete  conversion,  after  tho  additioftl 
of  sulphur,  is  obtained  by  heating  in  ft  large  muffle  to  redness,  the  product  being  1 
diatiiiguiBhed  from  the  foregoing  by  a  greater  depth  and  beauty  of  colour.  By 
increasing,  within  0611:010  limits,  the  quantities  of  soda  and  sulphur,  the  formatton 
of  blue  ultramarine  may  be  at  once  obtained,  the  product  containing  10  to  12  pet 
cent  of  sulphur. 
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VRpwatlOB  or  SlUea- 


"uitimmarine. —  Silica-ultramarine  is  really  soda-ultramorino  in  the  prcpara- 

tion  of  which  silica  to  the  amount  of  5  to  10  per  cent,  of  the  weight  of  the  kaolin  is 
added.  The  calcination  at  once  yields  blue  ultramarine,  and  further  treatment  with 
Bulphur  is  therefore'unnecessary. 

This  ultramarine  is  not  acted  upon  by  a  solution  of  alum,  and  may  bo  recognised 
by  its  peculiar  red  hue,  the  intensity  of  which  is  increased  by  an  increase  of  silica. 
Notwithstanding  the  superiority  of  the  ultramarine  obtained  by  this  process,  its 
preparation  is  disadvantageous  owing  to  the  tendency  of  the  mixture  of  crude 
materials  to  fuse  during  ignition. 

coBftitationofinirainarine.  Sinco  1 758  tho  chcmical  constitution  of  ultramarine  has 
been  the  object  of  a  series  of  researches.  Tlio  latest  experiments  are  those  of 
W.  Stein,  who  comes  to  the  conclusion  that  ultramarine  consists  chiefly  of  a  white 
mass,  with  which  black  sulphide  of  aluminium  is  most  intimately  and  molecularly 
incorporated,  the  blue  colour  being  due,  not  to  chemical  composition,  but  to  the 
optical  relation  of  its  component  substance.  Green  ultramarine  contains  less  soda 
than  the  blue  pigment,  and  that  again  less  than  the  white  (so-called)  ultramarine. 
The  quantity  of  sulphur  contained  in  blue  ultramarine  is  less  than  that  in  green. 

Properties  of  Ultramarine.  Artificial  ultramarino  is  an  impalpable  powder  of  a  fine  bliio 
colour,  entirely  insoluble  in  water,  and  wlion  washed  with  distilled  water  leaving  no 
residue  on  evaporation  of  tho  filtrate.  It  is  not  acted  npon  by  alkalies,  but  is  highly 
■ensitive  to  the  action  of  even  very  dilute  acids  and  acid  salts,  sulphuretted  hydrogen  being 
evolved  and  the  colour  discharj^cd.  Native  ultramarine  obtained  from  lapis  lazuli  is  not 
thus  decomposed  by  weak  acid  solution.  Tlicro  sometimes  accidentally  occurs  in  soda 
fomaces  a  more  or  less  blue  ultramarine  which  exhibits  the  same  resistance  to  acids.  That 
kind  of  ultramarine  commercially  termed  acid  proof  is  manufactured  with  the  addition 
of  silica,  as  described,  but  it  really  only  resists  the  action  of  alum-salts.  Ultramarine  is 
now  largely  used  for  the  purposes  to  wliich  smalt,  litmus,  and  Berlin-blue  were  applied  : 
that  is  to  say,  ultramarine  is  employed  as  a  paint,  as  a  pigment  in  stcrcochromy,  for 
paper-hangings,  calico-printing  with  albumen  as  fijdng  material,  for  colouring  printing- 
ink,  for  the  bluing  of  linen  and  cotton  fabrics,  paper,  stearine,  and  parafline-candles,  and 
lomp-sugar.  For  1000  cwts.  of  sugar  2\  lbs.  of  the  pigment  are  employed,  a  quantity  so 
smiul  as  to  be  perfectly  innocuous;  further,  ultramarine  docs  not  contain  anything 
injurious  to  health.  Grron  ultramarine  is  a  dull-coloured  powder  used  by  wall-paper 
stainers,  and  is  sometimes  mixed  witli  indigo-carmine  and  a  ycUow  jngment  to  improve  the 
colour. 

Adulterations  of  ultramarme  with  Berlin-blue,  smalt,  and  other  blue  piprmcnts  do  not 
now  occur,  as  ultramarino  is  a  cheaper  material ;  but  to  obtain  lighter  tints  ultramarine 
is  sometimes  mixed  with  chalk,  kaohn,  alabaster,  and  chiefiy  with  sulphate  of  baryta. 
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Glass  MA^fVFAcrrEE. 


DfflnJtUm  and  QcMrml 
FroiMn-Uri  of  OIum. 


Gkss  is  an  amorpKoue  ctimposition  of  various  silicates  obtained 
by  a  process  of  smelting,  alkaline  and  calcimn  Bilic^tes  being  the  chief  constitueiitB- 
That  which  ia  termed  glass- water — "viz.,  a  silicate  of  potasaa  or  soda — of  course  con- 
tarns  no  other  silicates;  but  real  glass  contains  other  buses  in  addition  to  soda 
and  potassa,  either  alkaline  earthii,  as  Lime,  baryta^  sti'ontia,  or  other  more  or  less 
basic  bodies,  as  magnesia,  alumina,  or  metallic  oxides, — those  of  lea<l,  bismuth,  zinc, 
thallium,  protoxides  of  iron  and  manganese,  while  in  the  case  of  optical  or  fin© 
crystal  glass  boracio  acid  or  borax  is  substituted  for  a  portion  of  the  silica. 

Glass  is  generally  transparent ;  when  opaque  it  is  either  white  or  coloured.  Gloss 
is  not  acted  upon^  in  the  common  acceptance  of  the  term»  by  either  water,  acids,  or 
alkalies.  It  is,  as  has  been  said,  amorphous,  for  as  soon  as  it  becomes  crystalline  it 
censes  to  be  glnss.  The  amorphism  of  glass  is  due  t^  its  composition ;  simplo  sili- 
cates have  a  tendency  to  crystallise,  and  are  honco  unfit  for  glass  manufiictnre, 
0\\^ng  to  its  amorphism  glass  exhibits  a  Gonchoidal  firaeturo.  When  blown  to  very 
thin  lamime  or  drawn  into  thread,  gloss  possesses  a  romakable  degree  of  elasticity. 
As  regards  the  chemical  and  physical  qualities  of  glass,  much  depends  upon  the 
constituent  silicates ;  the  alkaline  silicates  render  glass  soft  and  contribute  to  its 
ready  fusibility*  Silicate  of  potassa  glass  ia  less  Imght  and  glossy  than  glass  in 
which  silicate  of  soda  provailB,  but  the  latter  silicate  impartt*  a  blue-green  colour. 
SiHcate  of  calcium  renders  glass  harder,  brighter,  but  le,^a  readily  fusible.  Silicates 
of  lend  and  bismuth  render  glass  yory  fusible,  impart  to  it  a  high  degree  of  lustre, 
and  greatly  increase  the  refrangibility ;  they  are  therefore  used  in  making  glass  for 
optical  purposes.  Sdicatea  of  zinc  and  baryta  impart  similar  properties  ;  tho  former 
has  the  property  of  reducing  the  blue- green  colour  duo  to  silicate  of  soda.  Silicates 
of  iron  and  manganese  render  glass  readily  fusible,  and  impart  colour  to  it,  Silicates 
of  other  metallic  oxides  aro  only  of  secondary  importance  in  imparting  colour  to 
glass. 

^**i[^^oiiI"*°"       According  to  its  chemical  composition  glass  maybe  classified 
OS  follows : — 

I.  Potassium-calcium  glass,  or  Bohemian  crystal  glass,  is  quite  colourless,  Tory 
dllHcultly  fusible,  hartl,  and  very  difficultly  acted  upon  by  chemicals*  Abroftd, 
mirrors  are  often  made  ftf  this  glas^t  mixed  with  any  of  the  following  kinds, 

II.  Sodimn*c&ldum  glass,  French  glass,  window  glass,  somewhat  harder  than  the 
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preceding  but  more  readily  fusible,  exhibiting,  as  does  all  soda-containing  glass, 
a  peculiar  blue-green  hue.    Crown-glass  is  of  similar  composition. 

TTT.  Potassium-lead  glass,  crj'stal  glass,  very  readily  fusible,  soft  to  cut,  has  a 
higher  sp,  gr.  than  other  glass,  and  is  more  refractive.  Among  the  vaiicties  of  this 
glass  are: — i.  Flint-glass,  optical  glass,  in  addition  to  lead  often  containing  bis- 
muth and  boracic  acid.     2.  Strass  used  for  preparing  imitation  gems. 

rV.  Aluminium-calcium-alkali  glass,  or  bottle-glass,  always  contains  oxides  of 
iron  and  manganese ;  and  sometimes  magnesium  instead  of  calcium.  The  colour 
Taries  from  a  red-yellow  to  a  deep  black-green. 

The  sp.  gr.  of  glass  depends  upon  its  composition.  The  alkali-calcium  glass  is 
the  lightest,  next  follows  aluminium-calcium-alkali  glass,  wliilo  thallium  glass  is 
the  heaviest,  as  may  be  seen  in  the  following  table : — 

Bohemian  crystal  glass 2*396  Sp.  gr. 

Crown-glass        2*487  ,, 

Mirror-glass        2*488  ,, 

Window-glass 2'642  ,, 

Bottle-glass 2*732  ,, 

Lead  glass 2*9  to  3*255  ,, 

Flint-glass  (Frauouhofor's  recipe) 3*77  ,, 

(Faraday's            „     ) 5*44  „ 

Thallium  glass 5*62  ,, 

Slowly  cooled  glass  possesses  single,  rapidly  cooled  doubly  refractive  powers;  the 
refractive  index  of  glass  differs  considerably,  but  is  never  so  high  as  that  of  the  diamond. 
Taldng  the  index  of  refraction  of  the  vacuum  of  Torricelli  as  unity,  that  of  quartz  is 
s=  1*547 ;  diamond,  2*506;  optical  glass  (2*52  sp.  gr.)z=  1-534  to  r544;  flint-glass  of 
3*7  sp.  gr.,  I '639 ;  thallium  glass  =  171  to  1*965. 
Saw  Materials  nacd  in  These  are:  — I.  Silica,  viz.  quartz,  for  very  pure  glass,  for  other 
Giatt-making.  kiiids  Sand  of  varj'ing  quality  or  pulverised  flint  stones.  For  very 
pore  glass  the  silica  ought  to  bo  free,  or  very  nearly  so,  from  iron ;  in  some  cases  the 
peroxide  of  iron  adhering  to  the  quartz  or  mixed  with  the  sand  is  removed  by  hydro- 
chloric acid,  while  the  sand  is  always  first  ignited  and  in  some  instances  preWously 
washed  to  remove  clay,  marl,  humus,  &c.  Ordinary  glass  is  made  with  coarsc-r  materials, 
the  sand  is  not  required  to  be  so  pure,  as  when  it  contains  lime,  chalk,  or  clay,  it  renders 
the  mass  more  fusible. 

2.  Boracic  acid  is  sometimes  used  as  a  substitute  for  a  jiortion  of  the  silica.  It 
increases  the  fusibility  of  the  glass,  imparts  to  it  a  hi^^h  i)olish,  and  prevents  devitrifica- 
tion.     It  is  employed  as  borax  or  as  a  boro-calcite,  a  native  boracic  acid. 

3.  Fotassa  and  soda  are  used  in  a  variety  of  forms,  the  former  chiefly  as  potash 
(carbonate  of  potassa),  or  partly  lixiviated  wood-ash. 

Not  80  large  a  quantity  of  soda  is  required  as  of  potash;  10  parts  of  carlx>nate  of  soda 
correspond  to  13  parts  of  carbonate  of  potash.  Recently  the  soda  has  been  used  in  the  form 
of  Glauber's  salt ;  in  this  case,  so  much  carbon  is  added  to  the  siliceous  earth  and  Glauber's 
salt  as  will  reduce  the  sulphuric  acid  of  the  sulphate  of  soda  to  sulphurous  acid,  and  the 
carbon  to  carbonic  oxide.  Tlie  silicic  acid  then  easily  decomposes  tlic  sulpliurous  acid  of  the 
sulphite.  To  100  parts  of  Glauber's  sjdt  (anhydrous)  8  to  9  parts  of  coal  are  measured. 
An  excess  of  carbon  is  detrimental,  as  a  large  quantity  of  sulphide  of  8<xlium  is  formed, 
which  imparts  a  brown  tint  to  the  glass. 

4.  The  lime  used  in  glass-manufacture  must  be  free  from  iron.  It  is  generally 
employed  as  marble  or  chalk,  either  raw  or  burnt.  To  100  parts  by  weijrht  of  sand,  20 
parts  by  weight  of  lime  are  added.  In  the  Bohemian  manufacture  the  lime  is  employed 
as  neutral  silicate  of  calcium,  Wollastonite,  SiO^Ca.  Instead  of  lime,  stroutia,  and 
baryta  can  bo  used,  the  former  as  strontianite  (SrCOj),  the  latter  as  witherito  (BaCOj). 
Unor-spar  (CaFl,),  and  aluminate  of  soda  were  at  one  time  used  in  making  milky  or 
■emi-opaque  glass. 

5.  Oxide  of  lead  is  employed  in  most  cases  in  the  form  of  minium  or  peroxide,  giving 
vp  some  of  its  oxygen  to  form  a  lower  oxide,  and  purifying  the  glass.  The  lead  gives  the 
guws  a  higher  speoifle  gravity,  greater  britileness,  traxisparency,  and  polish.    It  must  be 
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free  from  oxide  of  copper  and  tiitf  the  former  imparting  a  groen  oolour,  and  the  latter  { 
opacity  to  tke  glaHs.  W hit43-lead  is  els  efflcadoua  as  red*lead«  provided  no  heavy  epar  < 
present. 

6.  Oxide  of  xitto  i»  always  added  as  zinc-white.    When  the  oolonr  is  not  of  imp 
sino-blende  with  »and  and  GlAuber's  sutlt^  may  be  wned. 

7,  Oxide  of  bismuth  is  only  added  in  small  qiinntities  in  the  preparation  of  glass  for 
optical  instruments.     Bismnth  mny  he  employ«>d  either  ba  oxide  or  nitrate  of  the  oxide. 

The  natural  ailicates  are  only  employeti  alone  in  the  nmnnfacture  of  bottle-^lass ;  some 
of  the  preceding  additions  are  requisite  in  clear  g-Iass  manufacture. 

liiftAcfeizif.  Coloured  i^lass  as  it  occurs  in  the  iii-st  prw^esa  of  manufacture  tti  -  ^  —  ^!ie 
colour  disguised  by  mechanical  mixture  with  white  glaa^,  or  the  colour  may  1  d 

by  chemical  agenta*  Such  ajgpenta  are  usually — braunite,  arscnious  acid,  enlij  :-„  -^ud 
miniimi  or  red-lend. 

I.  Braunite,  MnO^,  has  long  been  nsed  as  a  material  for  glass-cleating.  This  oxide  of 
manganese  is^  howorer,  used  only  in  small  quantities;  t<K>  much  imparts  a  liolet  cr 
ame&yift^i'ed  colour  to  the  ^loas;  while  an  exoessive  amount  renders  tiie  glass  daik 
coloured  and  opaque.  The  violet-coloured  glass  is  generaDy  prepared  ii^th  silicate  of 
manganese  by  the  addition  of  braunite  to  colourless  glass.  The  action  of  braunitio 
in  clearing  glass  or  rendering  it  colourless  has  been  variously  explained.  It  may  be  c<jn- 
sidered  that  there  anses  iu  the  molten  glass  the  colours  complementary  to  white,  that  i% 
the  green  from  silicate  of  iron  and  the  violet  from  silicate  of  o3dde  of  manganese ;  tlits  view 
is  supported  bj'  the  experiments  of  Komcr,  who  obtained  a  colourless  glass  from  a  mi"*^ 
ture  oi  retl  and  violet  glasses ;  antl  f  lulher  by  those  of  Luckow  who  obtained  a  coloorli 
glass  by  the  melting  together  of  a  ghuy}  strongly  tinted  red  ^^'  y  *■  t  TJde  of  mong 
with  oxide  of  copper.    The  glass-blowera  of  the  Bavarian  Wn'  rt  that  a  ruce-red 

quartz  there  found  is  equaUed  by  no  other  quartz  in  the  produ  tf  best  eryRtal  or 

clear  glass.  Von  Fuens  says  that  this  qnartx  contains  1  to  15  pir  cent,  of  oxid4>  of 
titanium,  which  similarly  to  braunite,  cfftnita  the  chromatic  ni.'utndisation.  Kobn 
employs  for  this  purpo^  protoxitle  of  nickel  or  oxids  of  Hutimony,  Oxide  of  line  has 
Ifttely  been  cmployecl  to  remove  or  mask  the  green  colour  of  Gluubcr's  salt  glaae,  alfio 
imputing  a  higner  polish-  2-  Arsenious  acid  effects  the  removal  of  col*:rur  by  cha&icftl 
means  omy  from  gla^  containing  carbon  or  silicate  of  iron :  in  glajis  cont^iining  oarbon — 
Arsenious  acid,  A^i^O^  )  -  i  Arsenic,  As,, 
Carbon,  3G  }  ^^^  \  Carbonic  o»de,  3TO ; 

in  glaas  containing  protoxide  of  iron : — 

Protoxide  of  iron^  6reO,  )  ^^^\  Oxide  of  iron,  jFe^O^, 
Ari^enious  acid,  Ah^Gj,      ]  ^      \  Arsenic,  As,. 

The  arsenious  acid  is  reduced  by  the  carbon  and  protoxide  of  iron  at  a  dull  red 
while  the  arsenic  L)  volatilifled 

3.  Saltpetre  ia  added  chiefly  as  Chili-saltpetre  or  nitrate  of  soda.  In  tlie  manuf ^ture 
of  lead^glass  (flint-glass)  nitrate  of  lead  is  substituted  f:ir  the  nitrate  of  soda.  Nitrate 
of  barium  has  recently  been  employed  to  disoharge  the  colour  of  glass ;  its  action  is  similar 
to  that  of  arsenious  acid. 

4,  That  minium  serves  to  render  glass  colourle-is  has  already  been  noted.  Cliambland 
states  that  glass  may  be  whitened  by  forcing  through  it  while  molten  a  8tn  am  of  air. 

ctiUnUiMiorEtf^iM  Tho  materials  of  glass  manufacture  are  never  melted  alone,  but 
tt^«***  always  with  nearly  the  third  port  €>f  prcfpared  or  iiiiished  gla***.    For 

this  purpose,  pieces  of  broken  glass,  flaw  gkss,  the  hearth  dro|>piag9,  anil  the  glass 
remaining  adlierent  to  the  blowers*  pipes  may  be  utiliiied» — w^mng  a  purj^oso  in  the 
manufaotuTG  of  glass  similar  to  the  rags  in  paper-mukin;r.  Thug  there  \h  cmly  a  very 
imiall  lo99  of  materials.  At  each  ro-molting,  however,  a  portion  uf  the  alkiiU  of  the  frag- 
mentary glass  is  volatilised,  and  must  bo  rt^plaeed  by  the  iidditiou  of  au  alkaline  salt. 

T^McdUitsTMNi.  The  vessels  in  which  tho  glasd  i^  molted  aro  placed  immediately 
upon  the  hearth,  and  aro  made  of  difficnlty-fuaiblo  clay  and  powdered  cbamotto* 
«tone.  They  aro  usually  06  motro  in  height,  tho  walk  being  9  to  12  centimetre* 
thick.  They  are  dried  in  a  tf^mpeniture  of  12*  to  15*,  and  then  placed  in  a  chomlier 
heated  to  30"  to  40°,  After  remaining  about  a  month,  tho  vessel  is  put  into  th>j 
lomperingor  aonoaling  oven,  heatetl  to  50";  it  is  next  removed  to  tho  ordiriary 
melting-ovon,  and  gnidunlly  hoated  to  the  melting-point  of  glass,  at  which  it  remauii 
for  throe  to  four  hours.  When  a  new  pot  is  first  used  for  gluss-melting,  tlie  alkaUne 
conBtituonta  of  tho  glass  act  upon  tl»e  clay,  forming  a  rich  clay  gloxo  or  gkas,  wlkich, 
if  allowed  to  mix  with  the  ordinary  glass,  would  bo  highly  detrimental.     CoOM- 
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aently  broken  grlass  aod  reftiso  aro  first  melted  in  the  Tessel,  and  the  glaze 

upurted,  termed  technically  the  lining,  is  a  sufficient  protection  to  the  gla^s  in 

r  practice.     The  shape  of  the  melting  vessels  varies,    Por  molting  with  wood  or 

\  the  conical  form,  Pig,  120,  is  employed.     When  c«al  is  used  as  fuel,  the  vessel 

takes  the  covercKl  form,  Fig.  121.     Fig,  122  represents  a  ruther  peculiar  form ;  the 

Fio.  121. 
Fio.  120. 


Fio.  122. 
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glftss  constituents  are  mult^jd  in  a,  the  clear  molten  glass  passiDg  by  the  aperture  in 
the  central  wall  into  u.  The  glass  in  B  is  thus  always  free  from  glass- gii  11  or  impn- 
rities,  which  remain  behind  in  a.  In  the  manufacture  of  looking-glasses,  large 
quadrangular  vessels,  Fig.  125,  are  emplo5^ed  for  refining  puj-poses, 

Tbe Giu*-OT«a.  The  glass-OTcns  are  respectively — i.  The  melting-oven;  2,  The 
tempering-  or  anneaUng-ovens,  used  in  the  after- manufacture/  The  melting*oven 
can  only  be  made  of  fire-proof  clay.  It  is  built  of  a  mixture  of  white  clay  and  bnnxt 
clay  of  the  same  kind.  Ordinary  mortar  and  cements  aro  useless  for  this  purpose 
on  account  of  theii"  fustbilitj' ,  tlverefore  the  same  clay  as  is  used  for  building  is  also 
used  for  binding.  The  oven  must  be  built  on  diy  ground  ;  if  built  on  damp  ground 
it  is  difficult  to  umintaiu  the  lower  parts  at  a  constant  heat,  refiuinng  a  larger  supply 
of  fuel.  The  arch  is  closed  with  a  single  piece  of  fire- proof  clay  "weighing  800  to 
1000  cwts.  After  building  the  oven  is  dried  for  four  to  sbc  months  at  a  t-'mpcruture 
of  12°  to  15** ;  a  low  fii"e  ia  then  Hghted,  and  the  temperature  graduidly  increased  foi 
about  a  month  until  tho  oven  is  fit  for  actual  work.  The  arch  is  further  covered 
irith  massive  backs  tones,  and  thes-e  agiiin  are  cov<m3d  to  a  thickness  of  5  to  6  iuchea 
with  a  lime-mortar.  "When  much  in  use,  and  if  not  built  of  very  good  day,  an  oven  will 
jttot  roma-Ti  in  working  order  for  longer  than  i  ^  to  1 J  years  \  but  if  fire-clay  is  used,  and 
cmly  easily-fusible  lead-glass  ia  maniifactui^od,  the  oven  may  last  for  four  to  five  years* 
Til©  oven  contains  six  or  eight  to  ten  melting-pots,  which  must  all  bo  raised  to  th© 
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8ame  tyinjierature*  Further,  the  meltmg-ovcn  in  placofl  over  half  the  firo-room. 
The  annexed  woodcut,  Fig.  124,  is  a  ground  plan  of  acompleto  oven.  Fig.  125  is  m 
section  t^howing  the  meltiug-oyen  and  work-holes;   Fig.  126  a  Tertical  8«ctiou 

Fig.  124. 
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through  the  length  of  tho  oven ;  Fig.  127  a  vertical  ioction  of  the  breadth.  In  the 
ground  plan.  Fig.  124,  o  o  is  the  flue ;  ccc  are  the  meltiiig-pots ;  n  n,  pota  contammg 
ghiss  in  another  stage  of  preparation ;  ddd^  the  work-holes;  h  h,  the  banks;  1  i^'waxm*' 
ing  and  cooling  ovens ;  A  A,  tempering  ovens;  e  e,  tho  breast  walls ;  //,  tho  splmt 
walls;    I  I  aro  email  hearths  to  increase  tho  heat  in  tho  tempering  oven  when 

Fio.  125 
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requirod.  In  Fig.  125  /  is  the  Uul*  ;  »/  y  aro  blocks  of  stone,  bearing  tho  wooden 
frame- work^  «  ?,  on  wkirh  tho  wood  used  as  fuel  is  plact^l  to  diy.  Fig.  126  shows 
tho  bank,  //,  on  which  tho  melting-pota.  h  h  /i,  stand  ;  over  these  pots  arc  tho  work- 
*  holes  I  n  n  are  tho  side  chamljci-s.  In  Fig.  127.  h  h  is  tho  koy*stono ;  r  ri  Arts  tho 
banks :  y  the  fluo^  although  in  most  glass-ovens  there  are  no  fLm»,    Tho  flatne  horn 
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Iba  fuel  burning  in  both  grates,  m  m,  Fig.  126,  after  heating  tbo  melting  OTen, 
pastes  by  the  tempering  rooms,  nnd  finally  to  tbo  chimney-stalk. 

Sieroen's  gaa-oven  has  lately  found  extensive  uso.    At  the  Paris  International 
Kxhibition  of  1B67  this  oven  obtained  the  gold  medal.    It  consists  of  two  parts,  the 


liberator,  Fig.  128,  and  the  melting  «iven,  1  ig.  129,  Thoso  pJirta  are  separate,  and 
can  be  30  or  moro  metres  £pom  each  other>  being  connected  by  a  large  gas-pipe.  The 
fkiel,  brown  coal,  turf,  stone  coal,  or  wood,  is  placed  in  the  generator  at  A,  Fig.  12S, 

Fia  127. 


L&Uson  the  eloping  grid,  0.   The  gas,  a  mixture  ot        '  "Xide  and  nitrogen, 

V  at  a  temperature  of  150'*  to  200°,  and  flows  on  ^aerator  by  a  largfe 

pipe,  T,  4  to  5  motres  in  height,  and  is  conveyed  thenco  by  a  horizontal  pipe  to  the 
19 
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moltiiig  oven.  The  upper  chambers  ol  the  melting  oven  aro  similar  to  those  of  the 
usual  ovens.  V  V  are  the  melting-pots,  The  gas  fii*8t  passes  into  the  first  system  of 
regenerators,  the  stones  of  which  ore  raised  tu  a  red-heat,  and  passea  thenco  to  the 
melting  room,  where  it  meets  with  air  heatod  In  like  manner.  The  products  of  com- 
bustion then  pas3  to  the  second  regenerating  Bystt-m,  the  atones  of  which  are  cold 
until  heated  by  the  passing  gases.  The  waste  gas  is  fitially  conducted  to  the 
chimney-stalk.  When  stone-coal  is  used  in  the  generator,  lead-glass  may  be  melted 
in  the  oven  in  open  vessels  without  reduction.  The  saving  of  fuel  in  coinparii>on 
with  the  old  system  ie  about  30  to  50  per  cent. 
7r«pu«tton  of  tM  SCatcriAt,  Formerly  maniifactared  glass  was  only  an  itnitatiDn  of  crystalline 
■adK«m»f.  siliceotis  earths,  tlie  chemical  action  beinj?  but  little  known.     The 

»11iiilui0  OQfnitttnentfl  were  added  as  fluxes,  and  to  this  day  retain  tliat  natnc.    However, 

moKt  of  the  results*  attending  the  variations 
of  temperature  vr^r^  known,  tind,  in  fact,  the 
chief  i>ractieal  detail. 

Of  especial  importJince  in  glass  manufacture 
h  the  fcnawlodge  of  tho  behaviour  of  gla^s 
in  tho  fire.  At  the  maxim lun  temperature  of 
glass-melting  ovens,  1200*  to  1250**  C.  the 
glass  forms  a  thin  fluid  of  the  consistency  of 
syrup.  Thia  condition  is  eesential  to  the 
leflniug  of  the  glass,  as  the  thinncsa  of  the 
fluid  admita  of  the  settlement  of  fni'ejgn 
substances  to  tho  bottom,  or  of  their  flonting 
to  the  BurffLce  of  tho  glasa  contuinc'd  in  the 
melting-pot.  In  this  condition  also  the  cknr 
molten  glitss  can  be  run  off.  At  a  red-heat 
■^  "  ■  ""Miug-ly  ductile  and  flexible;  upon 
li'ixuds  its  application  in  nuuiu- 
r>  pieces  of  glass  niii«d  to  a  red 
beat  turn  he  weeded  into  one  piece  by  more 
preiiBure.  Glass  aa  a  fine  thread  is  geraernlly 
fle]dble,  and  may  be  spun.  Undoubtedly  ghn^ 
will  be  used  as  a  ^Inning-flbre  at  1 
future  time;  even  now,  in  the  Intemati 
Kxliihition  of  1S71,  there  are  several 
of  hnbiliment  made  of  lipun  glnn.^,  exhibited  I  ^ 
nn  Austrian  firm.  Bruiifaut,  of  Vienna,  in  1 869, 
prepared  gla«*- wadding,  f  eathers^bowR,  favott7t| 
tieta,  &c.  Gliisj?  jibre,  according  to  the  nictt- 
•lueroent  of  Fr.  Kick,  of  Prague,  can  bo  spim  to 
a  diameter  of  o'0o6  and  o'oi2  millimetre>i. 
When  glass  is  allowed  to  cool  extremely  slowly  it  loses  its  transparency,  and  U  transfomied 
into  an  opaque  ma^f  known  as  Heaumtir's  porcelain.  The  chemical  action  taking  place  when 
Ijiaffl  is  rendered  opaque  iai,  in  spite  of  numerous  reacttrohe^«»  still  iinexpltiine*!.  On  tVie  othi^r 
handfflrlasa  coolwl  too  suddenly  acquires  peculiar  properties.  Detonatinjer  bull'<*  ni"r  wnall 
gi«as  &uiki  which  have  been  cooled  imniediiitely  after  luin^'  made.     If  a  sli  '  ^  of 

«uid  be  dropped  into  the  interior  of  one  of  these  fla«k»  it  will  fly  to  pieces  %\  ,  e 

vk>l«noe,  while  the  exterior  will  liear  hanl  usage  witlicmt  result.     Another  ]  f 

j^jaas  manufacttu^  aro  glass-tears,  or  Prince  Rupert's  drops,  long  pear—^  ps 

of  glasi^*  tttperitig  to  a  very  slender  tail,  which  are  formed  by  difipping  n  im* 

into  ©old  water.  The  bulb  of  these  drops  m.iy  bo  struck  T^-ith  n  hamaur;  but  if 
imly  a  small  portion  of  the  tail  be  Buapp.'d  off,  the  ratire  tlrop  vrLll  break  up  with  a  land 
report*  This  brittlencsa  is  more  or  le«s  tho  characteristic  of  all  unanuealed  glaiv* 
and  is  probably  due  to  unequally  cooled  layers,  which  aro  fxinftequently  at  different  degree! 
of  tennon. 

itrrtakf  tte  MatniAiii.  Before  tho  materials  arc  placed  in  the  molting  ovon,  they  aro  first 
fubj<M!tcd  to  n  tolerably  strong  boat,  not  suflicient,  bowover,  to  effect  fusion  in  tho 
*lrying  oven.  The  Wmefit  of  this  operation  is  tho  removal  of  tlio  carbonic  acid  and 
wator  whicli  would  otherwise  bo  disseminated  in  tho  melting  ovon.    Some  mnnufiia- 
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diBjiense  with  thia  portion  of  the  process,  ronning  a  risk  of  turning  out 
aperfect  glas^a  that  can  bo  avoided  at  a  Teiy  small  expense, 
f  ji*iaBttjitouusMar*Tifti.  ^Ticn  the  tcmpcraturo  of  the  molting  oycn  ha»  reached  the 
reciuired  dL-gree,  the  material  first  Mia  together  and  is  then  melted*  The  OTcn 
must  bo  hoiit/>d  equably  throughout.  At  tho  melting-point  tho  siliceous  earth 
combinea  with  the  potaah,   soda,   Ume^  alumina,  oxide  of  lead,  &c,»  to  form 
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Tho  substantt-a  not  iakeu  up  tunn  a  bcum,  knuwu  us  glaiss-guU,  upon 
tiolten  glass,  which  is  rc^moyed  by  tho  aid  of  iron  shovels.  This  scum  is 
generally  composed  of  sulphate  of  soda  and  chlorides  of  tho  alkalies.  Tho  progrcsa 
uf  the  melting  proce^  is  from  time  to  time  ascertauied  by  removing  a  sample  of  the 
gbiss  by  the  help  of  an  iron  rod  terminating  in  a  flat  disc,  in  fact  a  large  flat  spoont 
^  OMT-tHettine  \Mien  the  mass  is  well  molten  it  is  "  cleared,"  that  is,  maiut^iined  for 
nc  time  at  such  a  temperaturo  that  the  glufts  remains  in  a  thinly  fluid  condition, 
ing  this  period  the  uncombinod  substances  settle  to  the  bottom  of  tho  melting 
el,  the  air-bubblea  tlisappear,  and  tho  glass- gall  still  remaining  is  volatilised  or 
wpoi'ated.  At  tho  commencement  of  the  melting  the  disengagement  of  the  gusea 
from  the  molten  mass  causes  an  advantageous  agitation,  by  which  the  several  con- 
fUtuents  of  une<iual  specific  weight  and  different  composition  become  well  mixed* 
After  the  disengagement  of  tho  gases  tho  lower  part  of  the  melting  vessel  is  at  a 
lower  temperature  than  the  upper  part,  conse<|uent!y  tho  molten  ghiss  is  well  stirred 
irith  the  iron  ladles  or  "poles/*  Lastly,  a  piece  of  either  arsenious  ncid,  damp 
wood,  raw  tuniip,  or  any  other  water- containing  oubatance,  is  introduced  to  tho 
bottom  of  the  vessel  on  an  iron  rod,  tho  end  in  view  being  the  violent  agitation  of 
the  molten  glass  by  the  steam  evolved. 

^iid^u»kia«.  After  tho  completion  of  the  clearing  follows  the  cold^atoking,  that  ia, 
tho  lowering  the  temperaturo  of  tlio  oven  tiU  the  glass  attains  a  tough  fluid  consis- 
tency requisite  before  it  can  be  blown.  Tlio  gloss  remains  at  this  temj^eratur^, 
700"  to  Soo"  C,  during  the  rest  of  the  manufacture. 
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Tho  lengtii  of  tlie  several  processes  is  as  follows  : — 

Melting lo  to  12  hours. 

Clearing 4  to    6      , , 

Blowing 10  to  12      ,, 

60  tUat  five  to  six  meltings  can  be  effected  in  a  week, 

D«llcubiGka&    H  ift  isxtremely  difficult  to  prepare  glass  perfpctly  free  from 
The  prmdpal  defects  aro — BtreaJdng,  tlireadiiig,  runmng  uiieqiially,  or  dropping,  1 
bli^ering,  atid  knotting.     Streaking  follows  n-oin  heating  tie  glaaa  unequally,  anotl 
consequence  of  whidli  is  the  threading  or  the  formation  of  the  striie,  by  gl&zing,  inii 
coloured  threads,  generally  groen.     By  dropping  ia  understood  the  lumpa  or  globnlr 
formed  in  the  glas<i  by  the  glazing  of  the  elay  cover  of  tho  melting  yobscI,  and  ita  oomb 
natioQ  with  the  volatilized  alkaUeSf  tho  crude  gliiss  thus  formed  on  the  cotof  droppiixi^ 
into  the  molten  gloBB  contained  in  the  veaeeL    Blifitcring  is  a  common  result  of  the  imper 
foct  clearing  of  the  glass  ttom,  air  bubbles.     Lastly,  knotting,  another  common  defeotfl 
results  from  nnoombmcd  grains  of  sand  taken  np  in  the  glasa  \  the  small  particles  of  th^ 
oven  and  molting  Teasel  detached  ditiing  tho  melting  similarly  giving  rise  to  stouingaj 
Other  defects  snch  aa  the  imperfect  combination  of  the  materials,  arising  from  careled»- 
nesB  or  inability  of  the  workman^  uoed  not  hero  be  noticed. 

vwiout  Kinda  of  Qkit.      Glass  is  Boparatod  accoixiing  to  its  composition  or  method  of 
manufacture  into : — 

L  Glms  free  from  Letid. 
A,  Pinte-glaas.    a.  Window-glass:— 
a.  Eolled  glass. 
0.  Crown  glass, 
b.  Plato-glass : — 

a.  Blown  plate-glass. 
^»  Cost  plate-glass. 
&  BcytUe glass:-- 

a.  Ordinary  Lottie  glass. 

b,  Medieiiie  and  perfumery  glass* 
c*  GlaAS  for  goblets,  drinking  glftoisofl,  fto. 

d.  Water  pipes  and  gas  tubes. 

e,  Betort  glass* 

C.  Pressed  or  stamped  glass. 

D.  Wator  glass, 

II.  Glau  containing  Lead  (F/ 1*11  f-C?/<Mi). 

A,  Crystal  glass. 

B.  Glass  fur  optical  purposefl. 
0,  Enamel. 
B.  Stmss. 

HI.  Coloured  Glass  and  Glaa  Staining* 

ly.  Glass  Deayraiiona* 

fteM  Of  wtBAov-oiM.  The  glass  melted  in  mtiffles  or  TQSSels  is  manufactured  as  plat^- 
glaas  or  aa  crown-glass.  Plate-glass,  as  its  name  implies^  is  fonnod  in  largo  or  e 
plates;  window  glass  is  generally  either  ordinary  bottle  glass,  or  a  finer  glass 
a  whiter  colour.  Eeoently,  thick  has  taken  the  place  of  thin  glass  for  windows,  but 
tho  colour  is  hero}>y  considerably  increased.  That  window  glass  should  bepr^p 
cheaply  is  an  essential  point,  consequently  crude  materials  are  omployed- 
potash  and  soda,  wood-ashi  Glauber's  salt,  ordinary  eoud,  and  bioken  gloss  fnxm  tbo  ' 
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'warehonseB,  &c.    Plate-  or  window-gloss  is  generally  composed  of  100  parts  sand, 

30  to  40  parts  of  crude  calcined  soda,  30  to  40  parts  of  carbonate  of  calcium. 

Instead  of  the  soda  may  be  substituted  an  equivalent  quantity  of  Glauber's  salt. 

Benrath  (1869)  found  in  several  kinds  of  plate-glass  the  following  constituents : — 

Silicic  acid      7071  71*56  73'ii 

Soda        13-35  12*97  13*00 

I^®       13*58  13*27  13*24 

Alumina  and  oxide  of  iron rgz  1*29  0*83 

99*46  99*09  loo'iS 

Tooto.       The  tools  ordinarily  used  by  the  glassblower  in  the  preparation  of  plate-  and 

cxown-glass  are  the  following : — 
a.  The  pipe  or  blow-tube,  Fig.  130,  is  an  iron  pipe  1-5  to  i'8  metres  in  length,  3  to  4 

centimetres  thick,  and  i  centimetre  interior  diameter,    a  is  the  mouthpiece,  made  so  as 

Fio.  130. 


to  turn  easily  between  the  lips,    c  is  a  hollow  handle  from  0-3  to  0*5  metre  in  length,    b  is 
the  part  attached  to  the  glass. 

b»  The  handle  or  hand  irons  are  rods  i  to  1-3  metres  in  length,  used  to  transport  the 
hot  vessels,  &c.  e.  The  marbel,  Figs.  131  and  132,  is  a  piece  of  wood  with  semi-globular 
indentations,  which  serve  as  matrices  for  the  glass  to  be  taken  up  on  the  blower's  pipe. 
d.  The  whip,  a  block  of  wood,  hollowed  so  as  to  form  a  long  neck  to  the  soft  semi-molten 
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^lass;  it  is  also  used  to  remove  the  glass  from  the  pipe.    e.  Fig.  134  are  the  shears  used 
for  trimming  the  molten  glass,  and  to  cut  openings  during  the  blowing  of  various 
articles. 
Plate-glass  is  manufactured  as  crown-glass  or  as  rolled  glass. 

c»wn-gUM.  Crown-glass  is  the  oldest  land  of  window  glass.  It  is  formed  in  the  manufac- 
ture as  a  disc  of  glass,  generally  of  about  six  inches  in  radius  from  the  periphery  to  the 
centre  knot  left  by  the  glassblower' s  pipe,  technically  termed  the  bull's-eye.  The 
largest  discs  are  scarcely  64  to  66  inches,  irom  which  a  square  plate  of  22  inches  only  can  be 
cut,  the  bull's-eye  interfering  with  the  cutting  of  a  larger  size.  In  the  preparation  of  this 
glass  three  workmen  are  employed ;  the  first  takes  so  much  molten  glass  on  the  end  of  a 
pipe  as  vrM  serve  for  a  single  disc,  and  passes  pipe  and  glass  to  the  second  workman,  the 
blower.  He  blows  the  glass  into  a  large  globe  or  ball,  which,  when  finished,  ho  hands  to  a 
third  workman,  the  finisher,  who  opens  the  globe  and  forms  the  sheet  or  pane.  The 
labour  is  divided  in  detail  in  the  following  manner: — Tlie  first  workman  receives  the 
warm  pipe,  thrusts  it  into  the  vessel  of  molten  glass,  and  turns  it  steadily  round  until  he 
has  couected  upon  the  end  a  knob  of  glass  of  sufficient  size.  The  weight  of  this  knob  is 
generally  10  to  14  lbs.  The  first  workman  imparts  somewhat  of  a  spherical  form  by 
iq^TiM  of  the  marbel  to  the  solid  glass  ball,  which  is  now  taken  in  hand  by  the  blower. 
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w)io  by  tiiniing'  Bfid  thlftiiap  tiho  glass  sbmit,  nt  tlie  same  time  blowing  f hroiigh  tbc  ti;bf , 
perfoota  the  \iouavf  w^esvttS,    Tbo  glass  has  by  this  time  cooled  corwiderably,  and  witli 
the  pipe  is  therefore  returned  to  the  oTen,  tbc  tube  of  the  pipe  being  fastened  in  a  fork  or 
hook  in  the  ceiling'  of  tlie  oven.     Aa  the  globe  of  y;\iim  ia  icnnidiially  heat^^d  the  weight  of 
the  rod  causes  it  to  flatten  out^  and  it  is  removed  by  the  finisher  iw  ft  dii*c  of  nearlyj 
inolten  glass.     He  places  the  tube  in  the  cavity  of  the  whip,  and  by  a  seriea  of  dexteroun 
moremouta  perfects  the  ahupe,  cnlargea  the  disc  if  required,  or  in  w)mo  c^ses  inake«l 
a  larger  disc  by  reiiioving  the  partially  flattened  erphere  from  tlie  orea,  opening  the  bottom 
with  a  maul  or  iron  rod,  and  causing  the  glass  to  take  the  form  of  a  di«c  by  means  of  tlw 
oentrifugiil  force  resulting  from  a  rapid  rotary  motion  of  tlie  red.     Finally  the  discs  aniJ 
■eparatcd  from  the  pipe  by  the  help  of  a  drop  of  cold  water,  and  are  next  placed  in  anl 

Fio,  135. 
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nnncaling  oven  to  the  number  i^o<»l.     The  finished  platen  are  cut  to  th« 

itX|uired  sijeo  ;  the  contreti  or  bull       ^  1  jr  the  making  of  strtiss  and  for  other  piu-- 

poses. 

SJiSSTSiir  Boiled  or  sheet  glass  is  made  by  cutting  a  glass  cylinder  or  roll 
throtigliioat  its  length,  and  boatiDg  or  rulling  it  out  fliit  on  a  table.  It  is  for  thia 
itjikBon  termod  sheet  glau.  Ummlly  this  sh^et  glass  i8  lucd  for  ground  gUss,  and  b 
fUrthor  sep&rated  into  ordinaiy  eheet  or  roU-glasa  and  fine  sbe«t  gla6j».  tho  lattoz 
haying  larger  dimcnaionst 
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The  preparation  of  sh€?et  glass  is  one  of  tho  most  difficult  processes  of  glass  manu- 
facture ;  it  may  be  considered  as  consisting  of  two  operations— 

1,  The  blowing  of  the  roll,  or  cylindor ;  and 

2.  The  flattening. 

After  the  moltori  gluaa  has  cleared,  and  attained  the  barely  flmd  consistency 
before  mentioned,  the  workman  inserts  his  pipe  into  the  masa^  and  by  t\imin;Er 
tnaaBges  to  accumulate  on  it  a  ^lobo  of  glass,  during  tho  time  blowing  into  the  ttibo 
to  keep  it  clear  of  the  molton  glass.  The  glass  now  takes  the  form  a,  Fig.  135.  By 
continued  manipulation  in  the  marbel,  and  by  blowing,  the  enlarged  forms,  6  and  c, 
and  finally  J,  are  obtained*  The  glass  has  by  this  time  cooled,  and  is  taken  to  the 
oven  to  be  ro-heato<L  "When  tkis  is  effectetl,  the  workman  by  means  of  his  tools,  by 
A  continued  rotation  of  glass,  and  by  blowing,  brings  the  p^lobe  to  the  shape  repre- 
sented by  /.  He  then  opens  out  the  bottom  of  this  foim  witli  a  maul-etick,  and 
obtains  the  rylinder  f ,  which  is  separated  from  the  pipe  by  dropping  a  little  cold 
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water  upon  the  m  ck,  0,  ji lining  the  two.  The  remoTal  of  tbis  neck  is  next  effected 
by  means  of  a  red-hot  irun  rod,  whicb  also  serves  to  open  the  cylinder  tbrougbout 
its  length  as  shown  by  h. 

Alter  a  great  number  of  these  o^Hndera  have  bt?cn  lilown,  tlie  operation  being  generally 

■continued  for  three  days,  the  opemng  into  phUcs  is  coinineneod.    The  cylinders  are  placed 

j4n  an  oven  termed  the  plate-oven,  shown  in  groimd  pkn  in  Fig,  136,  oonsuting  of  two 

f  f^hambers,  ona  the  heating  room*  c,  aud  the  other  the  tempering  or  annealing  room,  n.    lu 

the  passage  b,  the  heated  ^lass  rolls  or  c-3'lindeT»,  a  a  tt^  ore  suspended  upon  two  iron  r»>rls, 

where  they  are  matutained  at  a  certain  heat.     The  moat  important  part  of  the  plate-oveu 

the  platten,  c,  made  of  a  wcU'ranimed  fire-clay.    A  similar  plate,  n,  is  placed  in  the 

ealing'  room.    "Wlitu  »iiffiek'ntly  heated,  the  cylinders  are  brought  to  the  flattening 

e,  f,  Fig^.  137,  where  they  are  speedily  opened  out  in  the  manner  shown  in  the  woodcut. 

J  A  workman  stationed  at  rf.  Fig.   136,  receives  the  flat  panes  of  glass,  and  leans  them 

P against  the  iron  bars,  »  »,  in  the  ann^ing  room,  whence,  having  gradually  cooled  during 

lour  to  five  daya,  they  are  removed  to  bo  sorted  and  packed. 

piAU'Giui.  Plato-glass  is  either  blown  or  c^ist.  The  manufacture  is  very  similar 
j[  to  that  of  tablo-glass  just  described.  The  materials  are  in  great  part  the  same  as 
those  employed  in  the  manufacture  of  fine  white  glass.  This  brancb  of  glass  manu- 
facture is  most  strikingly  illustrativo  of  the  rapid  growtbof  the  industry  during  the 
last  ten  or  twenty  years.  Formcrlj'  plate-glass  was  esteemed  an  article  of  luxury, 
whereas  now  it  is  that  most  generally  used  for  workshop  windows,  carriages,  show- 
rooms«  Jfcc-,  and  for  windows  of  private  residences.     It  far  surpasses  in  ti*ansparonoy 
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and  elogiince  the  small  panes  formerly  us«?d.    By  the  Glass  Jury  of  the  Int 
tional  Exhibition  of  Paris  of  1867,  ^^  "^^^  surmised  that  before  ten  years  had  elap 
pkte-glasa  would  be  that  most  generally  in  the  market.  The  blowing  of  plate -gla 
iQ  eflfected  with  the  same  tools  as  the  blowing  of  table-glass ;  and  the  cylinder  is"' 
obtained  in  a  similar  manner.    The  lump  of  glass  taken  by  the  blower  on  his  pipe 
from  the  melting  yessel  weighs  about  45  lbs,,  fix>m  which  a  plate  of  i'5  metres  in 
length  and  1  to  1*1  metres  breath  by  i  to  1*1  cGntimetres  thickness  is  obtained. 
But  the  chief  method  of  making  plate-gbisa  is  by  casting.     Cast  plate-glass  idJ 
always  made  from  pure  materials,  and  may  bo  considered  as  a  soda-calcium  glass  i 
free  from  lead.   Potaah-calcium  glass  is  far  more  expensive,  being  almost  a  colour- 
less glass.     In  England,  Belgium,  and  Qcrmany  the  raw  materials  used  in  manfac- 
turing  cast  plate-glass  are — sand,  limestone,  and  soda*  or  Glauber's  salts, 
Benrath  (1869)  found  in  EngHsh  (a)  and  in  German  (/3)  plate-gloss  :— 

Silica        76-300  78750 

Soda        - *  16*550  13*000 

Lime        ..     .,      ..     ..     .*     ••      ..  6'50o  6*500 

Alumina  and  oxide  of  iron o'650  1750 

lOO'OOO  lOO'OOO 

Sp.gr 2'448  2-45<^ 

The  following  description  of  casting  the  plates  is  mainly  founded  upon  the  method 
pursued  at  St  Gobin  and  Ravenhead,     The  manufacture  is  included  in— 
I.  The  molting  and  clearing, 
z.  The  casting  and  cooling, 
^.  The  polishing :  including 
a.  The  rough-polishing, 
^,  The  fine-polishing, 
y.  Pimshing. 
mt  Melting  ADd  atartaf.     ^  The  melting  and  clearing  yossels  are  of  yt-rj  different  form  I 
si je.    Tbo  iirst  is  a  comical  yessel  flurmottnted  bj  a  cupola  having  three  apertmes^  nuik 

Fig»  135* 


h  each  oilier.     The  cUnriiis-  pnir*  ixTf^  saoiiU,  wide,  aad  low  *< 
Stat  in  the  «ime  oven.     After  the  mftti'rijilw  nro  multed,  which 

^i>tirs,  tht!)  muHen  tntim  is  puurt^  into  ibo  ctraring  veaeirti^l 
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'Hie  impnzities  are  then  removed  with  a  large  copper  ladle,  thia  process  occupying  about 
six  hours.  During  the  clearing  the  excesd  of  soda  is  volatilised.  When  the  glass  is 
GMting  tad  Oooiiiiff.  Sufficiently  cleared  the  casting  commences.  The  vessel  containing  the 
molten  glass  is  taken  up  by  a  crane  and  swung  to  the  casting  table,  this  table  or  mould 
being'  on  a  level  with  the  cooling  or  annealing  oven.  The  casting  table  consists  of  a 
large  polished  metal  plate,  Fig.  138,  in  the  French  work  of  copper  or  bronze,  4  metres 
long,  2*25  metres  wide,  and  12  to  18  centimetres  thick.  The  plate  at  St.  Gobin  weighs 
55,000  lb€.,  and  cost  100,000  francs  (£4000).  In  England  the  plates  are  of  cast-iron,  2^ 
oentims.  thick,  5  metres  in  length,  and  2*8  metres  wide.  In  order  that  the  glass  plate  shaU 
be  of  equal  thickness,  a  bronze  or  cast-iron  roller  passes  over  the  surface  on  glides  of  the 
thickness  required.  The  metal  plate  is  first  warmed  to  prevent  the  sudden  cooling  of  the 
glass.    The  operation  of  casting  includes — 


The  operation  01  castmg  mcluaes — 

a.  The  conveyance  of  the  pan  to  the  table ; 

b.  The  cleansing  of  the  plate  and  the  pan ; 

c.  The  casting  and  conveyance  of  the  plate  to 


the  annealing  room. 


The  cooling  room  has  two  fire-places  and  three  glass  tables.  The  temperature  is  at  first 
that  of  the  glass  plate  introduced.  So  soon  as  three  plates  are  placed  in  the  oven,  all  the 
openings  are  closed,  and  the  glass  left  for  a  day  to  cool.  The  cooled  glass  plate  is  taken 
out  of  the  anneaUng  oven  to  the  cutting  room,  laid  on  a  cloth-covered  table,  and  cut  to 
size  with  a  diamond. 

PoU«hinff.  The  glass  plate  is  cut  into  tablets.  The  under  side  of  the  plate,  where  it  has 
been  in  contact  with  the  table,  is  smooth,  while  the  upper  surface  is  wavy,  and  requires  to 
be  polished.  This  is  effected  by  fastening  the  plate  or  tablet  to  a  bencli  with  plaster-of- 
Pans,  and  grinding  the  upper  surface  smooth  with  some  sharp  powder ;  or  another  plate 
is  caused  by  machmery  to  move  above  the  former  in  such  a  manner  that  the  surfaces  of 
both  are  ground  smooth.  The  ground  plates  are  then  removed  to  the  polisliing  table, 
where  a  similar  proceas  is  gone  through,  but  with  a  finer  powder.  Finally,  when  placed 
upon  the  finishing  table  only  the  finest  powder  and  leathern  pads  are  employed.  By  grind- 
ing and  polishing  the  glass  sometimes  loses  half  its  weight  and  thickness.  Suppose  a  plate- 
glass  manufactory  to  produce  400,000  square  feet  of  glass  annually,  there  will  be  with  this 
amount  of  glass  weighing  about  16,000  cwtfl.,  a  loss  of  8000  cwts.,  corresponding  to  2700 
cwts.  of  calcined  soda,  and  a  money  value  of  more  than  £1000. 

SflTering.  After  polishing,  each  glass  tablet  intended  to  moke  a  looking-glass  is  silvered, 
or  more  correctly  coated  on  one  side  with  an  amalgam  of  tin.  In  the  prei>aration  of  this 
amalgam  tin-foil  is  used,  but  it  must  be  beaten  from  the  finest  tin,  and  possesM  a  surface 
similar  to  that  of  polished  silver.  The  art  of  silvering  is  simple,  and  merely  requires 
dexterity.  The  glass  plate  having  been  thoroughly  cleansed  from  all  grease  and  dirt  with 
putty-powder  and  wood-ash,  the  workman  proceeds  to  lay  a  sheet  of  tinfoil  smoothly 
upon  tne  table,  carefully  pressing  out  with  a  cloth  dabber  all  wrinkles  and  places  likely  to 
form  air  bubbles.  He  spreads  over  it  a  quantity  of  mercury,  taking  care  that  all  parts  are 
equally  covered,  and  then  the  glass  plate  is  pushed  gently  on  to  the  surface,  coinmenciiig 
at  one  edge.  A  glass  plate  of  30  to  40  square  feet  requires  150  to  200  pounds  of  mercurj-, 
although  the  amalgam  is  not  so  thick  as  a  sheet  of  the  finest  paper.  The  glass  is  allowed 
to  remain  for  twenty-four  hours.  It  is  then  removed  to  a  wooden  incline  similar  to  a 
reading  desk,  to  allow  of  the  excess  of  mercury  draining  off.  As  the  amalgam  gradually 
sets,  the  incline  is  increased  till  finally  the  plate  reaches  the  perpendicular,  when  the  pro- 
cess is  finished,  and  the  mirror  removed  to  the  store-room. 

siiTettaRby         The  former  metliod  of   coating  the  glass  with   tin-amalgam  obtains  it.s 

Prwipiution.  name  of  silvering  by  analogy  only :  the  true  process  of  silvermg  is  tlio  fol- 
lowing, patented  in  1844  by  Mr.  Drayton : — 32  grms.  of  nitrate  of  silver  are  dissolved  in 
64  grms.  of  water  and  16  grms.  of  "liquid  ammonia,  adding  to  the  filtc^rcd  solution  108 
ffrms.  of  spirits  of  wine  of  0842  sp.  gr.,  and  20  to  30  drops  of  oil  of  cassia.  Call  this  fluid 
No.  I.  Another  fluid  (No.  2)  is  prepared  by  mixing  i  volume  of  oil  of  cloves  with  3 
volumes  of  spirits  of  wine.  The  workman  places  the  glass  plate  upon  a  table,  carefully 
levels  it,  and  floods  it  to  a  depth  of  0*5  to  i  centimetre  with  fluid  No.  i.  Ho  then  preci- 
pitates the  silver  by  adding  6  to  12  drops  at  a  time  of  fluid  No.  2  until  the  Avholc  of  the 
surface  is  covered.  For  every  square  foot  of  glass  9  decigrammes  of  nitrate  of  bilver  ai-o 
required.  Liebig  reconmiends  an  ammoniacal  solution  of  fused  nitrate  of  silver,  to  which 
450  c.c.  of  soda-ley  of  i  -035  sp.  gr.  are  added.  Tlie  precipitate  thro\N-n  downi  is  dissolved 
bv  means  of  ammonia,  the  A'olume  being  increased  to  1450  c.c,  and  by  water  to  1500  c.  c. 
Tliis  fluid  is  mixed  shortly  before  application  with  one-sixth  to  one-eighth  of  its  volume  of 
solution  of  sugar  of  milk,  containing  10  parts  by  weight  to  i  of  sugar  of  milk.  The  glass 
is  flooded  with  this  fluid  to  about  half -an- inch  in  depth ;  reduction  soon  sets  in,  and  the 
glMS  becomes  thickly  coated,     i  square  metre  of  glass  plate  requires  2*210  grms.  of  silver. 
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^Ilie  plat'e  la  thou  dried,  cleanod.  Bud  polished^     Lowe  employs  nitrate  of  BilTeTi  etancJi- 
Bugar,  Qud  pottisli ;  A.  Martiiif  nitzato  (^  fiilTer*  anunonin,  and  tartaric  acid. 

putiaivioir.  Aceording  to  the  reaeiudiea  of  Dod^^  platmnm  mny  be  ii'^ed  far  coating  plAto* 
glaias.  In  France,  Credwell  and  Tavcmier  have  ali^ady  brought  platinised  mirrora  befors 
t^'O  public*  Hitiierto  platinum  has  been  used  in  ornamenting  porcflain,  and  the  glan 
platen  are  prepared  in  a  Bimilar  manner,  the  metal  beinj^  burnt  in,  ai?  it  ia  termed.  The 
platinum  ia  precipitated  fi-om  its  chloride  by  oil  of  lavfnd'>r,  the  chloride  being  spread 
equally  over  the  glass  with  a  fino-haired  palnt-bruflh.  The  plate  ia  then  placed  in  « 
muffle.  CheapnesB  b  a  prominent  feature  of  this  process ;  while  all  faulty  gwmea  can  be 
Tery  easily  repairwd,  these  by  the  old  methods  being  thrown  aaide  as  nseloas.  In  Faria  the 
lids  of  boxes  and  fancy  articles  are  hirg^^ly  manufactured  from  platinised  glass. 

Boiue  OU.S.  Bottle  glass  includes  all  kinds  of  glass  made  into  vessels  for  holdiiig 
fluids.  It  is  made  fi-otn  common  greon  glass^  from  fine  white  glass,  and  from  crj'stal 
gluiii.  Medicino  bottles,  Jco.,  are  made  from  common  green  glass;  tumblers,  or 
diinking  glasses,  from  fine  white  glass ;  and  crystal  glass  ia  employed  for  tho  some 
articles,  but  selling  at  a  higher  price. 

The  materials  for  ordinary  bottle  glass  are  sand,  potash  or  soda,  basalt,  &c^    Fi 
medicine  glass  the  materials  must  be  free  from  iron,  and  still  purer  for  the  arti 
of  white  glass.     In  tho  manufacture  of  bottle  glass  no  considerablo  amount  of 
is  required,  the  desiderata  being  strength  and  sufficient  resistance  to  the  action 
ordinary  acids.    The  processes  of  molting  and  annealing  are  conducted  in  th0 
ordinary  manner.     The  analyses  of  sevenil  glosses  gave  the  following  results : — 


9 


Silicio  acid 

Potash 

Soda      

liime     . .      . .      . .     < 

Alumina      .•     ..     . 
Oxide  of  iron 
Oxide  of  manganese 


7471 


0-S8 


lOO'OO 


100*00 


7594 

13*15 
8'oi 

0*90 

lOO'OO 


7437 
12*48 

343 

9 '02 
071 

tOO'OO 


7426 

14*06 

S-6a 

XOO'OO 


Sp,  gr 2'47  2-48  2*47  i*3o  2^0 

The  details  of  the  neveral  processes  of  bottle  glass  manufacture  are,  after  the 

of  the  rough  ehapo  out  of  tough  fluid  glaii,  so  various  that  only  single  examples 

given.  We  will  aolectt  the  ordinary  wino-1 
Kg.  139*  ^  The  gla««blower,  taking  some  molten  glaai 

his  pipe,  turns  and  moulthi  it  into  the  si 
of  a,  Fig,  139,  By  continued  blowing 
enlarged  fonn,  b,  h  obtninoil ;  this  form  still 
moro  enlarged,  as  at  r,  ii»  ptactxl  in  the  mould, 
d,  Tho  workman  now  blows  sharply  into  the 
incipient  bottlo,  the  gla^  HUing  out  fh? 
mould  and  producing  the  aharp  eurv*' 
shoulder  of  tho  wine-bottle.  The  rud  < 
til,  f,  ia  now  intnxluc^Hl,  nnd  a  fi 
giFcn  by  pre#.^ng  iu  the  Iwttom  • 
tVTiile  the  blower  pn^pares  a  neiv  l  .  ,  l!i..> 
assistant  places  that  already  formed  in  the 
annealing  oven.  In  the  iwiking  of  iSaska 
and  rt^^rtji  the  flank-tonga.  Fig.  140^  are  em* 
ploycxl,  tlie  nock  being  allowod  to  Peaain 
straight,  as  at  a,  Fig.  141,  to  form  a  flasks  or 
_r_B^  ^^^^^^^  f^^  bent,  as  nt  b,  to  wSkxi  a  retort    Tho  mann- 

factum  of  a  hoaker  will  be  readily  undentood 
from  Fig*.  142  and  143,  a,  b,  c^  being  the 
method  of   producing  a   globular  b'Mly,  and 

Q,  h,  f,  a  beaker  with  nearly  perpendieular  iiitles.     Glans-tubitig  is  drawn  out  an  shown  al 

Fig^'  '44'     Gloss  rods  are  similarly  made,  but  without  blowing. 
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FnandaadOMtoiaM.  Pressed  or  cast  glass  compnses  the  many  cheap  glass  onia- 
loents,  and,  indeed,  ornamental  glass  work  of  all  kinds,  now  so  general.  The  tall, 
narrow- monthed  chimney  ornaments  are  thus  made  by  being  blown  into  engravcil 
brass  moulds,  instead  of  into  plain  moulds  as  in  the  case  of  the  bottle.  Cup-shaped 
articles  are  made  with  molten  gloss  pressed  between  a  concave  and  convex  surface, 
the  surplus  glass  escaping  at  some  point  puri>osely  arranged.  As  a  nilo  the  objects 
taken  from  the  moulds  require  but  little  polishing. 

Fio.  140.  Fio.  141. 


WAter^iAM.  By  water-glass  is  understood  a  soluble  alkaline  silicate.  Its  prepara- 
tion is  effected  by  molting  sand  with  much  alkali,  the  result  being  a  fluid  substance, 
first  observed  by  Yon  Helmont,  in  1640. 

Fio.  142.  Fio.  143. 


Fio.  144. 


It  was  made  by  Glauber  in  1648  from  potash  and  silica,  and  by  him  termed  fluid 
silica.  Von  Fuchs,  in  1825,  obtained  what  is  now  known  as  water-glass  by  treating 
silicic  acid  with  an  alkali,  the  result  being  soluble  in  water,  but  not  affected  by 
atmospheric  changes. 

The  various  kinds  of  water-glass  are  known  as — 

Potash  water-glass. 
Soda  ,, 

Double  ,, 

Fixing  „ 

Potash  water-glass  is  obtained  by  the  melting  together  of  pulverised  quartz  or 
purified  quartz  sand  45  parts,  potash  30  parts,  powdered  wood  charcoal  3  parts,  the 
molten  moss  being  dissolved  by  means  of  boiling  in  water.    The  solution  contains 
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much  flulphurot  of  potasaium,  wliicli  is  removed  by  boiling  with  oxide  of  copper 
The  addition  of  carbon  asaista  in  reducing  pax-t  of  tho  carbonic  acid  to  carbonic 
oxido,  which  disappears  during  tho  melting.  Soda  water-glass  is  prepared  with  pnl- 
Tensed  quartz  45  parta,  calcined  soda  23  parts,  carbon  3  parts ;  or,  according  to 
Buchner,  with  pulverised  quartz  100  parts,  calcined  Glauber  a  Bait  60  parta^  and 
caibon  15  to  zo  parts*  Double  water-glass  (potash  and  soda  water-glass),  is 
prepared,  according  to  Bobereiner,  by  melting  together  quartz  powder  152  parts,  cal* 
cined  soda  54  parta,  potash  73  parts ;  according  to  Yon  Fuchs,  from  pulverised 
quartz  100  parts,  purified  potash  28  parts,  cxdcinod  80<la  22  parts,  powdered  wo 
charcoal  6  parts.    It  is  further  obtained  by  melting  tartrate  of  potash  and 

^ }  C4H4O6  4-4^2^1  ^l^  quartz ;  from  equal  molecules  of  nitrate  of  potash  and 

fioda  and  quartz ;  from  purified  tartar  and  nitrate  of  soda  and  quartz-    It  is  more 
fusible  than  the  foregoing.    For  technical  purposes  a  mixture  of— 
3  volumes  of  concentrated  potash  water-gksa  solution. 
«  ,,  ,,  soda  ,,  ,, 

is  employed.  By  the  name  of  fixing  water-glass,  Yon  Fuchs  designates  a  miatturo 
of  silica  well  saturated  with  potash  water-glass  and  a  silicate  of  soda,  obtained  by 
melting  together  3  parts  of  calcined  soda  with  2  parts  of  pulverised  quartz.  It  k 
used  to  fix  or  render  tho  colours  permanent  in  steroochromy. 

That  known  commercially  as  prepared  water-glass  ib  obtained  by  boiling  the  ] 
dered  water-glass  with  water ;  and  the  solution,  as  found  in  the  market,  ia  known" 
as  of  33'  and  66',  the  difference  being  that  tho  first  100  parts  by  weight  contain  -^^ 
parts  by  weight  of  solid  water-glass  and  67  parts  by  weight  of  water.  It  therefore 
follows  that  in  solutions  of  40*  and  66"*,  the  water  is  proportioned  as  60  and  34  parts 
respectively.  Acids,  with  the  exception  of  carbonic  acid,  decompose  water-glass 
solutions,  separating  tho  silica  as  a  gelatinoua  substance ;  it  should,  therefore,  be 
kept  in  vessels  well  set  apart  from  volatile  acids. 

Water-glass  is  an  important  product  in  industiy.  It  is  used  to  render  wood,  linen, 
and  paper  non-infiammablo.  Tho  wutcr-glass  of  ^i"*  is  first  mixed  with  double  its 
amount  by  weight  of  rain-water,  and  is  then  treated  with  some  fire-proof  colouring 
matter,  as  clay,  chalk,  fluor-spar,  felspar,  &c.  The  material  to  be  rendered  unin- 
flammable is  painted  with  the  solution,  and  again  with  another  coat  after  the  fijst 
has  remained  twenty-four  hours  to  dry.  Wood  is  thus  preserved  from  being  worm- 
eaten,  from  encrustation  of  fungi,  &c.  Another  indusbial  application  of  water- 
glass  is  as  a  cement ;  in  this  it  is  equal  to  lime,  and,  indeed,  is  known  as  **  mineral 
lime.'*  Chalk  mixed  with  water-glass  forms  a  very  compact  mass,  drying  as  hard  as 
marble;  no  chemical  change  is  hereby  effected ;  there  is  no  conversion  to  ailicat©  of 
calcium  or  carbonate  of  potash ;  the  hardening  is  entiiely  tho  result  of  adhesion. 
Phosphate  of  calcium  treated  with  water-glass  acts  similarly.  Zinc-white  and 
magnesia  lose  none  of  their  useful  properties  when  mixed  with  water-glass. 
Another  important  application  of  water-glass  is  in  tho  painting  of  stone  and  concrete 
walls,  and  in  tho  preparation  of  artificial  stone.  Tho  latter,  first  mado  by  Eansome, 
is  daily  meeting  with  more  extended  application  in  England,  India,  audAmeritui.  It 
is  prepared  by  mixing  sand  with  silicato  of  soda  to  a  plastic  mass,  which  is  pressed 
into  the  required  shape,  and  then  placed  in  a  solution  of  chloride  of  calcium.  By 
this  means  siliciato  of  calcium  is  formed,  and  cements  the  grains  of  siuid  together, 
while  the  chloride  of  sodium  is  removed  by  repeated  washings.    As  cement  for  stans^ 
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glaae,  and  porcelaiii,  water-glass  is  espocially  useful.  It  is  also  employed  in  the 
preparatioii  of  xyloplastic  casts,  made  of  wood  rendered  pulpy  by  treatment  with 
Hydrochloric  add,  and  aftewards  impregnated  with  water-glass. 

tttnotibnmj.     An  interesting  and  important  application  of  water-glass  is  in  the  new 
art  of  mural  and  monumental  painting,  termed  by  Ton  Fuchs  Stereochromy  (orcpfof, 
•did,  and  xP^y^*  coJcur),    In  this  method  of  painting  the  water-glass  forms  the 
fotmdation  or  binding  material  of  the  colour.    There  is  first  to  be  considered  the 
mortar  or  cement  ground  upon  which  the  painting  is  to  bo  executed.    This  ground 
has  to  receiye  an  imder-  and  an  over-ground.    It  is  essential,  of  course,  that  tho 
fdndamental  groundwork  should  be  of  a  stone  or  cement  possessing  cvory  roquisito 
for  durability.  The  next,  or  under-ground,  is  made  with  lime- water,  and  is  allowed 
to  remain  for  some  time  to  harden.    When  well  dried  the  water-glass  solution  is 
applied ,  and  allowed  to  soak  well  into  the  interstices  of  the  mortar.    After  tho  under- 
ground has  been  thus  prepared,  the  over-ground,  or  that  to  receive  the  painting,  is 
laid  on.  This  consists  of  similar  constituents  to  the  imdor-ground,  with  the  exception 
that  a  good  sharp  sand  is  used,  and  the  mixture  treated  with  a  thin  ley  of  carbonate 
of  lime.    This  over-ground  of  fine  cement  being  nicely  levelled,  and  having  dried,  it 
is  thoroughly  impregnated  with  water-glass.    "When  this  is  dry,  the  painting  is 
executed  in  water-colours.     Nothing  further  is  necessary  than  to  fix  these  colours, 
which  is  effected  by  a  treatment  with  a  fixing  water-glass.    The  colour^  employed 
axe: — zinc- white,  chrome-green,  chrome-oxide,  cobalt-green,  chrome-red  (basic 
chzomate  of  lead),  zinc  yellow,  oxide  of  iron,  sulphuret  of  cadmium,  ultramarine, 
ochie,  &c.    Vermillion  is  not  employed,  as  it  changes  colour  in  fixing,  turning  to 
a  brown.     Cobalt-ultramarine,  on  the  contrary,  brightens  on  the  application  of  the 
fixing  solution,  and  is,  therefore,  a  very  effective  colour.    As  a  decorative  art 
stereochromy  will  doubtless  attain  great  importance,  the  paintings  being  unaffected 
by  rain,  smoke,  or  change  of  temperature. 

orystti  oiau.  Crystal  glass  includes  all  lead-containing  potash  glass.  Crystal  glass 
was  first  prepared  in  England.  There  are  a  few  difficulties  in  manufacturing  this 
glass.  The  smoke  from  an  anthracite  coal  fire  is  injurious  to  the  pure  colour  of 
the  glass,  so  that  the  melting-pot  is  provided  with  a  cover ;  but  this  addition  has  the 
disadvantage  that  the  temperature  necessary  to  melt  the  glass  cannot  easily  be 
obtained.  A  larger  proportion  of  alkali  must  therefore  be  added,  which  deteriorates 
from,  the  quality  of  the  glass,  rendering  it  liable  to  after-change.  To  prevent  this 
as  much  as  possible  oxide  of  lead  is  used  to  make  the  glass  more  easily  fasible, 
and  by  this  means  a  beautifully  clear,  transparent  glass  results.  The  following 
table  will  give  some  idea  of  the  proportions  of  the  materials  : — 

Sand      300 

Potash 100 

Broken  glass       300 

Minium        200 

Sesquioxide  of  manganese        . .  0-45 

Arsenious  acid 0*60 

The  following  mixture  is  used  in  the  glass  houses  of  Edinburgh  and  Loith : — 

Sand     300 

Potash 100 

Minium 150 

Lead-glaze 50 

And  a  small  quantity  of  sesquioxide  of  manganese  (braunite)  or  arsenious  acid. 
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To  render  the  glass  fluid,  saltpetre  is  Bometimes  atldod,  but  in  moderate  qnaatit 
Dumas  recommends  sand  jcx)^  miriiiim  200,  dry  potash  95  to  100,  On  tU©  supp 
Kition  that  there  is  no  loss  during  melting,  the  mixhirea  contain : — 

Silica       ,.      ..     574  57 

Oxido  of  lead  . .     36*3  36 

Potash      .        , .       6j  7 

100*0  100 

The  wnole  melting  process  is  included  in  12  to  16  hours.  The  glass  is  treated  in 
a  manner  similar  to  that  already  described,  but  is  moro  easily  worked.  Benrath  [a) 
and  Faraday  (^),  found  crystal  glass  by  analysis  to  consist  of: — 

Silicic  acid       50*18  5i'95 

Oxido  of  load 38'ii  53"^8 

Potash      11*61  13*67 

Alumina,  &Ct 0*04  — * 


99*95 


98*88 


According  to  Benrath  normal  crystal  glass  has  the  formula  KjoBb^Si56t)«4  (••«•» 
5K,0,7PbD,36SiO,). 

PoiiahtBg.  Crystal  glass  is  either  cast  in  brass  moulds  or  is  gromid*  It«  Kaidneas 
admits  of  its  taking  a  bett'cr  poli^  than  other  glasses.  The  grinding  wh'^el  ts  of  oast- 
iron  ;  above  the  periphery  is  &ced  a  vo»mo1  contJiinin;^  wat*:r  and  fine  washed  saod,  irhich 
constantly  drops  upon  the  wht-el,  assijitiiiijr  in  thu  tsuttiagr.  The  poUahing  wheel  is  of  wood« 
well  served  with  pumice- j>ov,'dcr  and  wuter. 

opticticiAM.  Tho  preparutiuu  of  good  optical  glass,  especially  in  largo  dimensions, 
is  a  matter  of  much  difficulty.  Transparency,  hardness,  a  high  refractive  power 
with  perfect  achromatism  are  all  required,  and  must  be  obtained  at  tho  outlay  of  any 
amount  of  labour.  The  glass  must  also  bo  entirely  homogeneous,  else  tho  light 
is  not  refracted  regularly;  threads  and  streaks  (8triio)are  the  results  of  int^quality, 
and  it  naturally  follows  that  if  these  appear  to  tho  unassisted  eye,  they  will 
seriously  affect  dolicato  observations  when  high  magnifying  powers  aro  used,  as 
in  telescopes  and  microscopes.  It  is  an  error,  howerer,  to  suppose  that  these  irre- 
gularities arise  from  impurities ;  they  ai'o  rather  duo  to  interruptions  in  heating 
and  cxKiling,  or  to  unequally  heating  and  cooling  during  manufacture.  This  must 
especially  be  evident  in  tho  case  of  waviness  or  an  undulating  structure  of  tho  glass. 
Crown-glass,  fr-ee  from  lead,  is  not  so  liable  to  faults  as  Hint- glass ;  both  thcso 
are  employed  for  optical  purposes. 

Tlie  Hpv.  Mr.  Ilurcourt'a  experimental  researches  aa  to  the  best  optical  jDrlaatt  oommutii* 
oated  to  the  British  As^KJciation  at  the  recent  meeting  at  Edinburgh,  by  Professor  Stokes, 
show  fidly  what  has  been  accomplished  in  preparing  ghias  of  this  order.  Mr,  Hapoourt'4 
researchps  were  chictly  carried  on  with  j ^lionph a tes,  combined  in  many  cases  with  fluondf><«, 
and  BoiiK'tbuei*  with  tnnj^tates,  molybdatos,  and  titanates,  owing  to  tho  difficu'*  '  '  "'  'v 
and  pji«tY  eoiiHi^^teney  of  silicate  glasses,     Tho  experiments  inrluded  glossc-  ^^ 

poULMximu,  ^(KUuni,  litliium,  banum,  strontiam,  calcium,  aluminium,  mangani     ,  . 
tiiumf  2iae,   eadmium,  lead,  tin,  nickel,  chromitun,  leud,  thaUium,    bismuth,  nntimo 
tungsten ,  molybdenum,  titanium,  yanadium,   x^hoHphorus,  ftnorine,  txiron,  und  f^ilphii 
The  moljbdio  glasses  first  prepared  were  of  a  Bomowhat  deep  colour,  d<?teri<  ' 
nffct ;   but  nt  length  molybdio  glass    was  obtained   free    from  colour    and    i 
Titanic  iicid  gave  results  ranch  superior  to  those  obtained  with  molybflir,.     i.i 
with  t4'rbonitcf  of  lead  acreed  in  dispeniive  power  with  flint- jbtI ass ;  while  ti  j  r    t,,  m;  ' 
glass  extends  the  roil  and  blue  ends  of  the  ^ijjoetrum  e<pially  with  «  pri^m  nt  nn,   ^  ^m 
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VQlmne  of  flint-glass  with  two  of  crown-glass.  N-itwithstanding  the  great  difficulties 
arinng  from  striffi,  Mr.  Harcourt  finally  succoodcd  in  preparing  dim:s  of  terborate  of  lead 
nnd  of  a  titanic  glass,  3  inches  in  diameter,  almost  homogeneous. 

It  is  well  known  that  flint-  and  crown-glass  form  an  achromatic  combination.     Flint- 

§las8  is  very  easily  rendered  fluid,  conducino:  to  the  formation  of  stria?.  A  variation  oi 
\ie  proportions  of  the  constituent  materials,  though  not  producing  effects  visible  to  the 
eye  alone,  will  strongly  striate  the  glass,  rendering  it  unfit  for  optical  purposes.  The  con- 
stitnents  must  bo  equally  distributed  throughout,  and  this  is  a  great  difficulty.  Tlie 
oxide  of  lead  being  of  bo  much  greater  weight  sinks  to  the  bottom,  while  the  lighter  con- 
stituents float  at  the  upi)er  part  of  the  melting  vessel.  Usually  this  is  so  much  the  case 
that  glasses  of  different  8i)ecific  gravities  are  obtained  from  the  upper  and  lower  parts  of 
the  melting-pot.  Lamy  has  lately  employed  thallium  flint-glass  in  the  preparation  of 
optical  glass,  thallium  taking  the  place  of  potash.  CI.  "Winkler  substitutes  bismuth  for  tho 
lend, 

Bonteinps  manufactures  flint  glass  in  the  foUo\^'ing  manner  : — A  glass  mass  is 

prepared  of — 

White  sand        100  kilos. 

Minium      106     ,, 

Carbonate  of  potassa  .  43  ,1 
and  placed  over  an  anthracite  or  stone-coal  fire  in  a  small  melting  oven,  sho^^-n  in 
Fig.  145  in  vertical,  and  in  Pig.  146  in  horizontal  section.  Tho  oven  contains  oiily 
one  covered  melting  vessel,  B,  standing  on  the  bank,  A.  a  a  are  tho  grate  bars ;  c 
on  iron  rake,  enclosed  in  a  fire-clay  cylinder,  d,  and  resting  upon  tho  roller,  /. 
After  about  fourteen  hours  the  mass  becomes  equally  fluid ;  and  a  rod-hot  rake  is 
introduced  into  the  vessel  by  which  the  several  layers  of  material  are  intimately 


Fig.  145. 


Fig.  146. 


mixed  In  about  five  minutes  the  mass  is  sufficiently  stirred;  tho  iron  rod  is  then 
removed,  the  clay  cylinder  remaining.  This  stirring  i^  effected  several  times  with- 
out removing  the  clay  cylinder ;  and  tho  glass  is  then  ready  for  blo^s-ing  or  casting. 
But  for  optical  purposes  it  is,  after  the  removal  of  the  clay  cylinder,  allowed  to  cool 
gradually  during  eight  days  in  an  annealing  oven.   Tho  most  perfect  pieces  of  glass 
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are  tlion  c\it  from  tho  interior  of  tke  maaa.    According  to  Duinaa's  analyew  of  & 
sample  obtained  from  Guinand,  fLiut- glass  consistd  of — 

Silica    . .     . .     » .      , .     * .     ,.  42*5 

Oxide  of  lead     43*5 

Lime    . ,      . . 0^5 

Potash »  .     . .  117 

Alumina,  oxide  of  iron,  and) 
Xjnjtoxido  of  manganese    J 

lOO'O 

The  second  kind  of  optical  glass,  crown-glass  free  from  load,  contains,  ocoordiaj^ 
to  Bontemps  :— Sand,  120;  potasli,  35;  soda,  20;  chalk,  15;  and  arscnions  acid, 
I  part, 

stnM.  The  imitatioti  of  precious  stones  is  an  iixtoresting  feature  of  gk^s  manu* 
facture,  aad  in  Egypt  and  Greece  it  is  on  art  that  has  attained  to  great  perfection. 
All  precious  stones,  with  the  solitaiy  exception  of  tho  opal,  can  1)0  imitated  arti- 
ficially. The  chief  constitueat  of  these  artificial  goras  is  druMt  or  as  it  is  termed 
by  Pontanicr,  Maycnce  base ;  and  in  Franco  artificial  gems  are  mostly  known 
Ptares  de  Strass,  This  base,  then,  is  colourless,  and  may  be  considered  as  a  bop 
silicate  of  the  alkalies  coataining  oxide  of  lead,  this  being  in  larger  proportion  than 
in  flint-glass. 

Bonault-"Wi0land  found  colourless  etrafis  by  analysis  to  consist  of  :^ 

Silica 58*1 

Alumina      i  'o 

Oxide  of  lead     ..     ••  53*0 

Potash , ,      7'9 

Arsenious  acid  /        *  *  ^^^^^^ 

lOO'O 

This  analysis  gives  tho  formula — 

(sEaO.eSiO,)  +  3(3PbO,6SiO,). 

The  Tarious  gems  are  imitalod  by  the  addition  of  colouring  oxides,  the  whole 
the  materials  being  ground  to  a  fine  powder,  intimately  mixed,  and  melted  at  a 
strong  heat.  Tho  imitation  of  the  topaz  is  obtained  by  taking — stross,  xooo ;  auU* 
mony,  40 ;  and  Caesius's  puqile,  i  part.  The  topaz  can  also  be  imitated  with^ 
Btx«flS|  1000 ;  oxide  of  iron,  i  part,  Tho  ioiitatioa  ruht/  is  obtainod  with  i  part  of 
Uio  topaz  paste,  and  8  parts  of  strass,  the  whole  being  molted  together  for  thirty 
hours.  A  ruby  of  less  beauty  is  obtained  with — stross,  1000 ;  peroxido  of  man* 
gonese,  5  porta.  A  good  emerald  can  be  prepai-ed  from— strass,  1000 ;  oxido  of 
copper,  8 ;  oxide  of  chromium,  0*2  parts.  The  mpphire  is  obtained  from  strasSv 
1000;  ptire  oxide  of  cobalt,  15  parts.  The  ameiht/tt  from — strass,  tooo  ;  p<M*oxide 
of  manganose,  8;  oxide  of  cobalt,  5;  Cassius's  purple,  0*2.  The  hryl  or  Ugnn 
mtmna  is  imitated  by — strass,  1000;  gloss  of  antimony,  7  ;  oxide  of  cobalt,  0*4. 
Tho  carbuncle  by — straas,  1000  ;  glass  of  antimony,  500 ;  purjde  of  Ooasiud,  4 ; 
peroxido  of  manganese,  4  parts.  Much  attention  has  not  been  paid  to  the  mode 
in  which  the   colouring  is  eflbcted  by  the  metallic  oxides ;    nor   have   expori- 
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nents  been  tried  with  any  definite  result  as  to  the  application  of  tungstic  acid, 
molybdic  add,  titanic  acid,  chromic  acid,  and  protoxide  of  chromium,  &c. 

^^SSiSSSi"*  Coloured  glass  may  be  considered  in  two  classes— that  coloured  as 
a  whole,  and  that  only  partially  coloured.  The  latter  is  prepared  with  such 
metallic  oxides  as  will  impart  to  the  glass  very  intense  colour ;  for  instance,  prot- 
oxide of  copper,  protoxide  of  cobalt,  oxide  of  gold,  and  oxide  of  manganese.  This 
kind  of  glass  is  termed  superfine,  and  is  prepared  in  the  following  manner : — Two 
melting  vessels  are  placed  in  the  oven ;  one  contains  a  lead-glass,  the  other  the 
coloured  glass.  We  will  take  as  an  example  glass  coloured  red  with  protoxide  of 
copper,  which  if  further  oxidised  imparts  a  green  colour  to  the  glass.  The  glass- 
blower  dips  his  pii)e  first  into  the  red  glass,  and  collects  a  sufficient  quantity  to  blow ; 
then  he  dips  this  into  the  white  glass,  and  proceeds  to  form  a  cylinder  or  roll,  as  in 
the  making  of  table  glass.  Superfine  glass  is  known  as  **  outside  "  and  '*  double,*' 
or  **  double  layer."  In  the  first  case  the  workman  takes  a  lump  of  white  glass  upon 
his  pipe  and  covers  it  with  the  coloured  glass ;  or,  in  the  second  case,  he  takes  up 
only  a  small  quantity  of  white  glass,  then  sufficient  of  the  coloured  glass,  and  again 
more  white  glass.  Eed  glass  may  be  obtained  with  either  Cassius*s  purple,  protoxide 
of  copper,  or  oxide  of  iron  as  the  colouring  ingredient.  Cassius's  pui-ple  is  used 
chiefly  for  ruby-red  glass.  It  was  long  thought  that  ruby-coloured  glass  could  not 
be  obtained  with  any  other  preparation  than  Cassius's  purple,  but  twenty-five  years 
ago  Fuss  showed  that  chloridcf  of  gold  was  effectual.  If  glass  containing  salts  of 
gold  or  protoxide  of  copper  is  cooled  suddenly,  the  colour  disappears ;  then  if  again 
gently  warmed,  not  quite  to  softness,  the  colour  suddenly  reappears  in  full  splendour. 
This  phenomenon  occurs  equally  in  atmospheres  of  oxygen,  hydrogen,  and  carbonic 
acid.  In  the  preparation  of  protoxide  of  copper  glass,  lead-glass  is  taken  as  a  basis, 
to  which  3  per  cent,  of  the  protoxide  is  proportioned.  The  drawback  to  the  employ- 
ment of  the  protoxide  is  the  readiness  with  which  it  becomes  oxide,  this  imparting 
a  green  colour  to  the  glass.  To  prevent  this  change  iron  filings,  rust,  or  tartar  is 
added,  or  the  glass  is  stirred  with  green  wood.  Copper-glass,  as  has  just  been  said, 
is  colourless  on  cooling,  regaining  its  colour  during  the  process  of  annealing.  Oxide 
of  iron,  kno^^-n  commercially  as  blood-stone,  ochre,  or  red  chalk,  is  also  used  to 
impart  a  red  colour.  Yellow  and  topaz-yellow  are  obtained  by  means  of  autimoniate 
of  potash  or  glass  of  antimony,  chloride  of  silver,  borate  of  oxide  of  silver,  and  by 
sulphuret  of  silver.  Oxide  of  uranium  imparts  a  green-yellow.  Blue  is  obtained 
from  oxide  of  cobalt,  more  seldom  bj-  means  of  oxide  of  copper.  Green  results 
from  the  addition  of  chrome- oxide,  oxide  of  copper,  and  protoxide  of  iron.  Violet 
is  obtained  from  oxide  of  manganese  (braunite)  and  saltpetre ;  black,  from  a  mixture 
of  protoxide  of  iron,  oxide  of  cojiper,  braimite,  and  protoxide  of  cobalt.  A  beautiful 
blfiick  results  from  sesquioxide  of  iridium. 

GUw  Paintins.  The  delineation  of  figures  and  scrii)tural  events  in  coloured  glass 
dates  from  a  very  remote  period.  At  first  the  work  was  merely  mosaic,  pieces  of 
coloured  glass  being  inseiied  in  leaden  framework.  Glass  painting  was  known  in 
German}"  in  the  middle  ages,  and  soon  extended  throughout  Europe.  In  the  13th 
century,  when  Gothic  architecture  became  prevalent,  glass  painting  also  became 
more  general,  as  until  then  the  heavy,  round-arched  windows  were  too  small  to 
admit  of  ornament.  But  it  was  not  until  the  15th  century  that  the  heavy  outlined 
figures  were  discarded  for  the  more  mingled  colours  of  heraldic  device,  as  seen  ir. 
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the  churclies  of  SobalJiis  and  Lorenz,  of  Nuremburg,  in  the  productions  of  tlio 
celebrated  JEIirechTogel  family.  Thia  style  lasted  till  the  i6th  century,  when  the 
glass-maker  tried  the  effect  of  pigmenta  upon  glas8.  Since  that  time  the  art  has 
gradually  improTed,  the  improvement  at  first  being  most  manifest  in  France  and 
the  Netherlands. 

The  aaturo  of  glass- painting  or  Btaining  is  in  principle  the  following: — ^\Vhen 
coloured  glass,  rendered  easily  fusible  by  the  metallic  oxide  it  contains,  is  finely  pul- 
verised, and  laid  upon  a  plain  glass  surface  and  heated,  it  forms  a  skin,  or  **  flash/' 
as  it  ia  tenned,  this  skin  or  layer  of  glass  being  said  to  be  *  *  flashed  on.**  It  is  evident 
that  very  brilliant  effects  may  thus  b<3  attained.  The  near  surface  of  the  gloss 
receives  the  strong  shades  and  colours,  the  other  or  distant  surface  the  lighter  tints. 
White  was  not  employed  in  the  older  glass  pointings,  but  ia  now  used  ia  the  flesh- 
tints,  pure  white  effects,  &c.  Oxide  of  tin  and  antimoniate  of  potash  yield  a  good 
white.  For  yellow,  Naples -yellow,  or  antimony-yellow,  or  a  mixture  of  the  oxides 
of  iron,  tin,  and  antimony,  or  of  antimonic  acid  and  oxide  of  iron,  of  sulphuret  of 
silver  and  sidphui-et  of  antimony,  or  chloride  of  silver  is  used ;  for  red,  oxide  of  iron, 
purple  of  Cassius,  and  a  mixture  of  oxide  of  gold,  oxide  of  tin,  and  chloride  of 
silver ;  for  broisTi,  oxide  of  manganese,  yellow  ochre,  nmber,  and  chromate  of  iron ; 
for  black,  oxide  of  iridium,  oxide  of  platinum,  oxide  of  cobalt,  and  oxide  of  man- 
ganese ;  for  blue,  oxide  of  cobalt,  or  potassium -cobalt  nitrate ;  for  green,  the  oxides 
of  chromium  and  copper.  Two  kinds  of  colours  are  distinguished,  the  bard  and  the 
soft.  The  soft  are  called  vamiah  colours,  ore  not  very  easily  fluid,  forming  a  kind  of 
^loze  upon  the  glass.  These  colours  are  placed  upon  the  outer  amface.  The  hard  or 
decided  tints  are  semi-opaque,  and  are  placed  upon  the  inner  surface  of  the  glass. 
The  binding  fluid  or  vehicle  is  a  mixture  of  silica,  minium,  and  borax,  with  which 
the  colour,  being  previously  ground  to  a  fine  powder,  is  intimately  miscMl.  This 
mixture  is  painted  on  the  glass  with  a  pencil,  and  the  glass  plate  is  afterguards  fired 
in  a  muffle.  Eeccntly  volatHo  oila  have  been  employed  os  a  vehicle,  viz.,  oil  of 
tiirpentine,  lavender,  bcrgamot,  and  cloves.  The  buming-in,  or  firing,  the  colours 
was  formerly  effected  by  placing  the  glass  tablet  with  dried  and  pulverise<i  lime  in 
an  iron  pan  raised  to  a  red  heat.  But  recently  the  muffle  oven  has  be<.*n  employed. 
The  bottom  of  the  muJflo  is  covered  to  a  depth  of  one  inch  with  dry  powdered  lime, 
upon  which  the  plate  of  glass  is  laid,  and  again  a  layer  of  lime.  The  oven  is  then 
raised  equally  to  a  dark  red  heat.  After  six  to  seven  hours  the  fire  is  gradually 
withdrawn,  and  the  oven  allowed  to  oooh  The  glass  is  taken  out,  cleansed  willi 
warm  water,  and  dried. 

^aSSUwoSiS!'**'  ^y  enamel  is  understood  ia  glass  manufacture  a  coloured  or 
colonrloes  glass  mass  rendered  opaque  by  the  addition  of  oxide  of  tin.  It  formerly  wm 
prepared  in  the  following  manner  \. — An  alloy  of  15  to  iS  jtarta  tin  and  100  parts  lead 
was  oxidised  by  boat  in  a  stream  of  air,  tlie  oxide  pulverised  and  washed.  Tho 
mixture  of  the  oxides  was  then  fritted  with  the  glass.  An  enamel-ltko  appeanmce 
is  imparted  to  glass  b}'  arsenious  avitl.  chloride  of  silver,  phosphate  of  calcium, 
cryolite,  fluor-spur,  aluminate  of  soda,  and  precipitated  sulphate  uf  barium.  BottA 
glass,  eo-callod,  is  a  milk-white,  semi-opaque  glass,  containing  ]»hosphato  of  cjilcium 
iu  the  shape  of  white  bone-ash,  sombrerite,  or  phosphorite.  It  is  employed  f^v  lamp- 
globes  and  shades,  thermometer  scales,  ttc.  It  is  made  by  adding  to  w*hite  glaat 
about  10  to  20  per  cent  of  white  bone-ash.  or  a  corresponding  quantity  of  mineout 
phosphate.    After  melting  the  glass  10  generally  clear  and  transparent,  becominir 
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milk-white  and  opaquo  during  the  process  of  blowing.  The  colour  is  finally 
developed  during  annealing.  A  similar  glass  to  tho  preceding  is  alabaster  glass,  btit 
the  latter  ia  more  opaque.  It  is  also  termed  opal  glass,  rice  glass,  or  rice-stono 
^lass,  and  Reaumur's  porcelain.  The  materials  are  the  same  as  in  the  preparation  of 
crystal  glass,  of  which  it  may  be  considered  the  scum  or  underlay er  of  impurities, 

gh  it  is  really  imperfectly  prepared  crystal  glass. 
i^csiTttUto  oun.      Cryolite  glass,  or  hot-cast  porcelain,  has  recently  been  manufactured 
in  Pittsburg.    It  is  a  milk-white  glass,  obtained  by  melting  together 
Silica..      ..      ..     .*      ..     ..     ..     67*19  per  cent. 

Cryolite    •» 23*84        „ 

Oxide  of  zinc  . .      . .      . .      . »      ,,       S'qj         , , 

Fluor-spar  or  aluminate  of  sodium  may  bo  substituted  for  cryoUte.    Benrath 
found  (1S69)  in  such  a  milk  glass — ^ 

Silica ♦ 70'oi  percent 

Alumina.. *      ,,     lO'yS       ,» 

Soda         . ,      . »  19*21       „ 


iEtOtB&  Ice  glass  is  made  by  plunging  the  mites  of  gln.<i3  attached  to  the  cud  uf  the 
blower* 8  pip^i  atill  at  a  glowing  red-heat,  into  hot  water,  in  whieh  the  glam  w  ojHfued 
and  blovna  out.  It  then  resembles  a  mass  of  thawed  ice,  vdih  a  bcuutifiiUy  pellucid 
apjicArance.  It  is  idso  known  as  orackle-glaas ;  in  France,  as  verre  er^qMttt:.  Agate  glrtJW 
is  obtained  by  melting  tog-ether  the  waste  pieces  of  coloured  glass. 

iUMn«tJnon.  AiiraUtt.  *rhi8  13  a  gla*s  rcscmbUng  that  found  in  the  Pompeiian  excavations, 
and  mentioned  by  Pliny,  It  posseasea  a  beautiful  r«?d  colour,  between  that  of  venidlliou 
"^  '  of  miniiim,  is  opaque,  hardef  than  ordinarj'  glaiss,  bears  a  high  poll  ah,  and  ha.**  a 
,  gr.  -=:  3-5,  The  colour  is  lost  by  melting,  and  by  no  addition  coa  be  re<iOven?d.  llio 
I  contains  no  tin  or  protoKido  of  copper  as  a  colouring  miitt<?r.  Von  Pettenkofer 
oilutcd  to  this  glass  by  melting  together  idlica.  lime,  burnt  magjK'sirt,  lithnrgo, 
a,  copper  hammerings,  and  Rmithy  scales.  A  part  of  the  Kilica  in  the  mixture  is  decom- 
posed by  mcau«  of  boraeio  ucid,  and  a  mass  is  obtained  which,  when  ground  and  poli.4he<l, 
exhibits  a  dark  red  colour  of  great  beauty.  Pcttenkofer  gave  to  this  glass  the  tenn 
astralite,  from  the  beautiful  shutte-colour  of  blue  or  diohromatio  tint  ehimmering  through- 
CFut  the  mass, 
aTrntarin  oiof*.  Avcnturin  or  avantiirin  glass  was  formerly  made  only  in  the  Island  of 
KnjnuaOf  near  Venice,  but  is  now  prepared  throughout  Germany,  Itidy,  Austria,  and 
Aance.  It  is  a  brown  glass  ma^  in  which  crystalline  spanglen  of  metallic  Cf>pper 
aooording  to  Wiihler  (of  protoxide  of  copper  according  U*  vyn  Petteukofer)  appear 
dispersed.  Fremy  and  Clemandot  have  produced  a  glass  similar  to  aventurin  glosi*.  and 
which  consisted  of  300  parts  glass,  40  norts  protoxide  of  copper,  and  So  parts  copper-scale. 
The  Bavarian  a.ndL  Bohemian  gliLas-liouscs  produce  an  aventurin  glafts  rivalling  the 
^ah  Von  Pettcnkofer  has  prepared  aventurin  glass  direct  from  hrematinon  by  mixing 
Bcient  iron-filings  with  the  molten  mass  to  reduce  about  half  the  copper  contained, 
ienkofer  surmises,  and  with  good  reason,  that  aventurin  glass  is  a  mLxtnre  of  green 
protoxide  of  copper  glass  with  red  crystals  of  siHoate  of  protoxide  of  copper,  these  remplo- 
mentary  colours  gi^nng  the  brown  tint.  This  glass  is  also  well  imitatM  by  melting  a 
mixture  of  equal  parts  of  the  protoxides  of  iron  and  copi)er  with  a  glass  mass.  Toe  protoxide 
of  eopx>cr  appears  after  a  long  annealing  as  a  separate,  crystalline,  red  combination, 
while  &10  protoxide  of  iron  is  lost  in  the  green  colour  it  imparts  to  the  glass.  Pelouze 
found  that  by  freely  adding  chroinate  of  potash  to  the  glass  materials  spangles  of  oxide  of 
chromium  were  pcparated.  He  termed  thi«  glass  chrome-aventurin ;  it  has  been 
employwl  by  A.  Wuchter  in  the  glaring  of  porcelain. 

GiBMRtiicf.  Glass  relief  isi  obtained  by  enclosing  a  body  of  weU-bumt  un^irla^ed  white 
clay,  moulded  to  the  required  fomi  between  layers  of  lead-gkis^s,  the  result  being  similaT 
in  appearance  to  an  article  in  matted  silver.  Gold  matte  in  iiiiitatcd  by  employing  a  yellow 
glass.  This  branch  of  their  art  boa  been  kaown  to  *he  Bohemian  glaws  manufaetui^  for 
npwardfl  of  eighty  years. 
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I'uifrM.  t^t  niMieuiatfd       By  fibre   or  filagree  glass  is  understood  thAt  land  of  gliflB  worli 
Oiato.  formed   of  Yarioii^ly  coloured   or  whito    opaque  wiwm  Utroadflii  these 

Uireadii  being  eoroetixDes  as  fine  ii«  a  single  hair.  They  are  gotieraUr  drawn  out  from 
tnbeA  or  sticks  of  glass  of  rariouH  euloiirH,lu&te4l  to  redne«^,  and  fonup<l  into  Bticks,  tubes, 
or  spirals.  Two  of  thcf^e  tulioA  are  tAkcu,  placed  together^  and  blown  out  into  &  Teeael  of 
the  required  fomi,  which  i»  chAnicterii>M.'d  by  the  confonnatJou  of  the  glass  threads  in  tiie 
Stick,  From  tliu  spiral  network  thus  fomud  this  kiud  of  ^Iusa  is  sometixoes  termed 
reticulated, 

Muuflorv  Work.  MQMord  work  it  a  peetiliar  fotm  ol  inoanic  glaaa  work,  in  preparation 
■imilar  to  that  of  Petiuot  ^cXvlha.  Small  liLigree  canea  ol  diifereut  coloured  glaas  are  placed 
aide  by  aide  to  fona  a  thick  conl  or  t:oltimn,  the  croaa  aeotion  of  whit:h  appeara  of  a  parti- 
oolonred  grain,  Thehe  oords  nr  colmnns  can  be  twisted  to  ^mQ«t  any  required  form,  or 
when  heated  and  drAiiv^  out  the  glii^B  threaHs  of  various  colonri  of  which  it  z«  composed 
form  a  single  thread  of  very  vnncd  huo  and  great  beaujb^.  Tbeae  threads  again  can  be 
worked  into  ornaments,  or  furmivi  into  hmti>8  or  balls.  TnG  best  kind  of  milUfiore  work 
are  the  paper-weights,  often  sold  at  fancy  biucaais  as  Bohemian  glass  weights — thew  are 
merely  lumps  or  roll»  of  the  many-coloured  glass  thread  plac^  together^  heat^Ml,  mid 
finally  coated  with  a  film  of  clear  white  gla^is  by  being  for  a  few  momenta  hold  in  the 
white  gla^  ^?lttng>|>ot. 

aiMiPttiik.  Hiere  are  two  kindrt  of  artificial  or  glans  pt^arls,  namely,  solid  or  massive 
pearls  and  blown  pearU.  Thd  fir^t  are  known  as  Venetian  pearU,  and  those  made  in 
Venice  are  preferredi  the  export  from  this  city  in  iS68  representing  a  money  Talue  of 
7,755,000  francs.  The  man uiacturo  is  chiefly  carried  on  in  the  Inland  of  Murano.  The 
IH>iirlM  are  made  from  small  glaas  tnbea,  eitlier  white  or  coloured.  Oxide  of  tin  is  employed 
in  tlitJ  preparation  as  well  as  the  vanoms  metallic  oxides  for  imparting  the  dei^iped  colours, 

stjiid  i'c»ti».  The  gla«8  tubes  are  cut  into  small  pieces  or  cylinders.  The  sharp  edges  of 
the}«e  cylinders  arc  removed  by  placing  them  in  an  iron  vessel  brought  to  a  red  heat, 
the  beadft  being  constantly  utirred  with  an  iroa  spoon.  Previous  to  this  operation  the 
interior  or  hoUows  of  the  beads  ore  filled  with  powdered  charcoal.  They  are  then 
well  washed,  dried,  and  packed.  By  snotlier  mode  of  preparation  the  pieces  of  glai« 
tubing  are  plueed  in  a  revolving  veeeel  siinilAr  to  a  coffee-roaster.  The  iini«^hed  pearb 
are  generally  strung,  the  charcoal  being  placed  in  the  interior  or  tube  of  the  bead  to 
prevent  its  closing, 

HkiwBpeuiK  The  preparation  of  blown  pearls  ia  quite  a  diitinct  manufacture.  They 
resemble  tlie  real  pearl  in  form,  colour »  and  aiirface.  Jaquin,  a  French  paternoster  or 
rowiry  maker,  in  the  yeur  1656,  remarked  th«t  when  whitings  {Cyjitinu$  ^llmntit*^  ahtrft 
wen^  washed  with  water,  a  rcsiduo  remained  couHiHting  of  a  beautiful  pearly  Eubstam 
Tliif*  wa.^  the  foundation  of  the  manufucture  of  the  ariifiuial  pearl.  «faquin  soaled 
fi.di,  mixed  the  eeales  with  water,  and  obtained  the  celebrated  "  Orkntat p€«rl**Mentt^'*  or 
**  EtfKHrfiV  (Orient**  a  iulwtance  identical  with  Otio/ttrK  A  tftna]!  bead  of  gypstun  or 
other  hartb  ning  pafte  is  coated  with  this  mixture,  dried,  and  dipped  into  moltisi  glMi|  • 
thin  lihu  L(f  which  adhere^. 

The  pearl  i»  s*>mctimeK  round,  ftomettmefl  pear-shnped,  or  ilat.      Another  method 
preparing  the  pciirl.H  is  by  tnefms  of  beads  blown  from  glflf«  tabes  of  various  thiL 
Thtrfee  bends  or  Rumll  bull*  are  then  filled  with  pearl -e6M?nce.    To  prepare  this 

say  n   quantify  of    120  gnns.,  4000  fish  are  necotMary;   thu>i  a  pound  of  pe^rl-       

iw|uires  f  8,ooo  to  2D,f.xx?  finh  ftr  its  preparation-  The  wales  ore  all  owed  to  ^taud  about 
an  hiiiir  in  wutiT  to  ix^rroit  the  slimy  matter  adlif^ring  to  them  to  bettlf?;  they  arv  nibtiM 
down  ia  a  mortar  with  fi-epih  water,  and  strtdned  through  a  Iln<?^n  cloth,  Tims  prf«tiartMi 
the  pai«te  in  ready  fur  insertion  in  the  glaws  bends,  a  littic  ammouid  being  added  to  prer»nit 
decay. 

iiyaid«nir^^.  Hvalographv,  or  the  art  of  etching  on  gla.^,  is  due  to  one  Heinrieh 
Behwankhanlt  or  JSehwundard,  an  artist  living  at  Nuremburg  in  1670.  It  ei»nsi!»ts  of  the 
foUowing  operations  : — Powrb'TT-d  flimr-p^par  is  treated  with  eontentrated  i-Tilphtirir  n<  id  in 
a  leaden  vessel ;  gentle  b-  "1,  the  ve»«.*el  Ixing  covertMl  with  the 

etched  coated  with  wix.  ?  *  oh  the  design  i*  traeeJ  with  a  stc  r  1 

Vapours  of   Ir  '-    "  ■   -  i  lii  1  arc         ^-   V  ^^     '1   r<»ntbine  with  im    - 

ghiMM,  fomiinjf  I:    ^n,  Sitl,,  i  Tlie  p'ate  is  ufterw :  I 

with  warm  oil  ,         u^       Tbo  iinit  j  .,        tionif^due  to  Hann,  •  :    . 

in  1S29.     More?  recently,  BottgiT  and  Brum ci*,  with  Avier,  of  Vienna,  have  imjirov 
pn>ceM<'H,     The  etching-ground  used  for  engraving  on  mctallio  surfaces  would  not  * 
case  give  favourable  re^iults.     Pul  recommends  a  molten  mixture  of  t  part  ssphiilt  ui^d 
«  part  col »phuniuui,  with  »o  much  oil  of  turpentine  as  will  bring  the  mass  tj  the  con- 
sistetiey  of  a  syrup.     Etched  glass  plates  have  bet*n  uswl  by  Btittger  and  Bronw  is  t*)  print 
from  instead  of  st^^el  and  coppi.'r.     In  the  press  tlie  gtupui  plate  is  backt:>d  by  a  c4ist<iiou 
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plate.  The  prooees,  however,  has  not  been  practically  suoceflsful ;  it  is  better  suited  to 
the  producti^  of  bank  notes,  &c.,  than  engravinf^s,  the  resulting  etchings  being  hard  in 
tone.  Bat  for  purposes  of  decoration,  etched  glass  is  largely  used.  By  the  method  of 
Tewi^  da  Motay  and  Mardchal  of  Metz,  a  bath  is  made  of  250  grms.  of  hydrofluoride  or 
flooride  of  potassium,  i  litre  of  water,  and  250  grms.  of  ordinary  hydrochloric  acid.  Kesslcr 
emplojs  a  solution  of  fluoride  of  ammonium. 


Ceramic  or  Earthenware  Manufacture. 

caayBAB^tbe^AppikatioD.  ^o  the  most  important  alumina  combinations  found  natiye 
belongs  felspar.  This  mineral  is  one  of  the  chief  members  of  the  class  containing 
gneiss,  granite,  and  porpyhiy.  Potash-feUpar,  ^|^  J  Og,  with  6-54  parts  of  silica, 

18  alumina,  and  16*6  potash,  is  also  known  as  orthccIaaeoT  mhdaria  ;  when  sodium 
takes  the  place  of  potassium,  the  felspar  alhite  is  formed.  According  to  Mitscher- 
lich  some  felspars  contain  0*4  to  2*25  per  cent,  of  barium.  When  felspar  is  imder 
the  influence  of  water  and  carbonic  acid  with  changes  of  temperature,  it  loses  its 
silicate  of  potash,  which  being  washed  out,  the  potash  is  taken  up  by  plants,  and  will 
perhaps  account  for  some  portion  of  the  potash  always  present  in  their  ash ;  some 
of  the  silicate  is  acted  upon  by  carbonic  acid,  by  which  the  silicic  acid  is  separated 
and  soluble  carbonate  of  potash  formed.  In  following  this  decomposition  to  a  con- 
clusion, wo  may  surmise  that  the  silicic  acid  thus  set  free  becomes  a  constituent  of 
the  opal  and  chalcedony  spar.  All  clays  are  essentially  silicate  of  alumina  ;  and  in 
many  instances,  as  in  Devonshire  and  Cornwall,  the  change  from  felspar  of  the  fine 
white  granite  to  clay  by  disintegration  is  very  porcoptible.  l^y  washing  this  clay 
to  free  it  from  quartz  and  mica  a  fine  white  chiy  is  obtained,  known  as  kaolin  or 
KMiin,  or  Porcelain  Clay,  jwrcclaiu  clav.  Again,  by  washing  with  potash  ley,  whereby  the 
free  silica  is  taken  up,  there  is  obtained,  in  most  cases,  a  fine  plastic  mass,  consisting 
of  I  molecule  of  alumina,  i  molecule  of  silica,  and  2  molecules  of  water.  The 
quantity  of  free  silicic  acid  varies  between  i  to  14  per  cent. 
The  weathering  of  the  felspar  may  be  formulated  thus — 

I  mol.  felspar,  Si308KAl,  or^y^  j  O5 
gives,  under  the  influence  of  water, 

I  mol.  porcelain  clay,  3Si04HAl,  and 

I  „  acid  silicate  of  potash, 
the  latter  forming  a  soluble  combination  similar  to  water-glass.  Porclain  clay  occurs  in 
the  following  localities:—!.  Bavaria:  Aschaffenburg,  St^>lll)crg,  Dicndorf,  Oberedwlorf. 
2.  Prussia :  Mori  and  Trotha,  near  Hallo  (material  for  Berlin  jwrcclain  manufacture — 
decomposed  or  disintegrated  porphyry).  3.  Saxony  :  near  Schneeberg  and  Mionia. 
The  first  is  a  weathered  granite;  the  latter,  porphyry.  4.  Eastern  Hungary: 
Brenditz  in  Moravia ;  near  Carlsbad,  Bohemia ;  Prinzdorf  in  Hunjrary.  5.  France : 
St.  Yrieux,  near  Limoges.  6.  England :  St.  Austell,  in  Cornwall.  Weathered  granite  ; 
a  mixture  of  orthoclase  and  quartz.  It  is  found  chiefly  on  Tregoning  Hill,  near  Hoh»tone.  • 
7.  China.  It  naturally  follows  that  the  clay  should  contain  foreign  substances :  and  it  is 
from  the  quality  and  quantity  of  these  substances  that  the  several  A-arietics  of  clay  are 
obtained,  of  course  with  due  reference  to  the  chief  constituents— silicic  acid  and  alumina. 
The  purer  clays  contain  generally  the  following  foreign  substances: — Sand,  partly  as 
quartz  sand,  as  silicate  of  potash,  and  partly  as  particles  or  fragmonti*  of  undccomposed 
minerals ;  baryta  combinations ;  carbonate  of  magnesium ;  carbonate  of  calcium ;  oxide  of 
iron ;  sulphur  pyrites ;  and  organic  matter. 

^2KteJ??ii"(?S?I!"*  ^or  the  technical  application  of  the  clays  the  important 
qualities  are  colour,  plasticity,  and  well  hardening  under  heat. 
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CttJoii.-  Naturally  clays  are  'wliite,  yellow,  blue,  or  green.  Ptiro  clay  is  white ; 
coloured  clays  arc  tho  result  of  sevoral  od mixtures.  Whit©  clay  contains  but  a  small 
quantity  of  protoxide  of  iron,  and  becomes  after  burning  yellow  or  red  ;  these  colours 
oiiginatinfi^from  the  organic  substances  disappear  on  their  being  volatiliBed  after  nuui}r 
firings*  The  culoured  clays  change  their  colour  during  firing,  becoming  red  or  ped» 
yellow.  Fine  olays  aro  prepared  only  from  those  becoming  white  by  continued 
burning, 

FtMticity.  Tho  clay  should  absorb  water  readily,  forming  a  tenacious  mass,  cap«ble 
of  taking  sharp  and  clear  impressions.  It  is  clear  that  the  plasticity  of  the  clays 
depends  in  a  great  measure  on  their  composition.  Sand  is  the  constituent  most 
prejudicial  to  plasticity,  limo  less  bo,  and  oxide  of  iron  least  of  all*  Clay  pos- 
sessing a  high  degree  of  plasticity  is  said  to  be  fat  or  long,  and  when  in  the  opposite 
condition  /con,  thin^  or  fhort.  All  shrank  cluys,  that  is,  all  clays  decreased  in  volume 
by  burning,  arc  said  to  bo  either  drawn  or  hurst,  Tho  amount  of  shrinkage  depends 
of  coui^o  upon  tho  quantity  of  water  the  clay  contains ;  tho  same  kind  of  clay  does 
not  always  exhibit  the  same  shrinkage.  Fat  clays  shrink  more  than  short  clays. 
The  diminution  in  surface  by  shrinkage  raries  between  14  and  51  per  cent,,  the 
capacity  or  solid  contents  between  20  and  43  per  cent.  Clay  may  be  burnt  so  hard 
as  to  give  sparks  wh«5n  struck  with  steel ;  but  its  property  to  form  a  plastic  mass 
with  water  is  then  wholly  lost»  Pure  clay  (sllicnte  of  nlnmma)  id  by  itself  infusible, 
but  by  mixture  with  Ume,  oxide  of  iron,  and  other  bases  becomes  more  or  less  easily 
fusible.  According  to  the  experiments  of  K.  llichters  ( 186S)  the  refractory  qualities 
of  clay  are  least  influenceil  by  magnesia,  more  so  by  lime,  still  more  by  oxide  of  iron, 
and  most  by  potash.  Fusible  clay  obviously  is  not  adapted  to  the  manufacture  of 
poToelain  or  such  ware  as  is  likely  to  be  exposed  to  a  high  temperature.  A  fusible 
and  a  refiractory  clay,  when  heated  together,  enter  into  a  mms  that  does  not  cleava 
to  the  tongue.  By  tho  mnniifucture  of  clay  ware,  then  is  understood  the  binding  of 
certain  clays  together  by  means  of  a  suitable  Eux. 

xiBdioT  cur.      The  clays  employed  in  ceramic  manufacture  are — 

1.  Eefractory  clays  :  as  porcelain  and  plastic  clays, 

2.  Fusible  clays  ;  as  potter^s  clay. 

3,  Limey  cLiya;  as  marl,  loam. 

4,  Ochre  clays ;  as  ruddle,  ochre. 
Of  these  porcelain  clay  is  the  most  important ;  it  is  of  various  colours,  very 

tenacious,  plastic  to  a  high  degree,  bums  whit*?,  and  is  not  fusible  in  a  porcelain- 
oven  fire.  It  is  onlinarily  found  in  tho  tertiary  formation,  almost  always  aocom- 
panied  by  other  kinds  of  clay,  by  quartz-sand,  and  by  brown  coal.  For  practical 
purposes  it  is  impirtant  to  know  that  clays  of  the  same  strata  and  of  the  same  pit 
often  differ  largely  in  their  rcfrat^tory  ]>roperty.  This  is  not  only  the  result  of 
.  experience,  but  of  a  lengthy  series  of  experiments  made  by  L\  Bischof,  Otto,  and 
Th,  Richters.  Tho  strata  near  Klingenberg-on-the-Maine,  at  Coble nz.  Cologne, 
I^autersheim,  and  Vallendar-on-the-Rhine,  Woisboch  in  Baden,  Bunzlau  in  Silesia, 
Schwarzenfeld  near  Schwandorf,  and  Kemnath  in  Bavaria,  in  tho  province  of 
TTessen,  in  Saxony,  in  IJolgium,  near  Breux  in  France,  and  Devonshire  and  Stour- 
bridge in  this  countiy,  are  all  celebrated  for  this  clay.  The  following  analysoa 
giv«  the  composition  of  various  refractory  days : —  " 
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I. 

2. 

3- 

4- 

■5. 

Silica     . .     . . 

47*50 

4579 

53'oo 

63-30 

55-50 

Alnmina 

34*37 

28-10 

27-00 

23-30 

2775 

Lime     . .     .  - 

0*50 

2'00 

1-25 

073 

0-67 

Magnesia 

I -00 

— 

— 

— 

075 

Oxide  of  iron 

1-24 

6-55 

175 

1-80 

2-01 

Water      . .     . 

i-oo 

16-50 

— 

10-30 

10-53 

1.  Almerode  in  Kurhessen  (crucible).     2.  Schildorf  near  Passau  (graphite  crucible). 
3.  Einberg  near  Coburg  (porcelain  capsule).    4.  Stourbridge.    $.  Newcastle  (fire-brick). 

The  composition  of  the  Stourbiidge  fire-clay  will  bo  seen  from  the  following 
analyses  by  Professor  F.  A.  Abel,  F.R.S.,  Chemist  to  the  War  Department :— 


Sample. 

Silica. 

Alumina. 

Peroxide  of  Iron. 

Alkalies,  Waste,  &a 

I 

66-47 

26-26 

6-63 

0-64 

2 

65-65 

26-59 

571 

2-05 

3 

65-50 

27*35 

5*40 

1-75 

4 

67-00 

25-80 

4*90 

2-30 

5 

63-42 

31-20 

4-70 

068 

6 

65-08 

27-39 

3-98 

3*55 

7 

65-21 

27-82 

3-41 

356 

8 

58-48 

35-78 

3-02 

2-72 

9 

63-40 

31-70 

3-00 

1-90 

The  sample  No.  9,  containing  only  such  a  small  quantity  of  iron,  is  much 
superior  to  No.  i,  whose  refractory  properties  may  be  doubted.  The  clay  is  dug 
from  pits  varying  from  120  to  570  feet  in  depth.  It  ia  generally  found  below  three 
workable  coal  measures,  between  marl  or  rock  and  an  inferior  clay.  The  seam 
averages  3  feet  in  thickness,  never  exceeding  5  feet,  and  the  middle  of  the  seam 
contains  the  clay  selected  for  crucibles,  &c.  Pot-clay  or  crucible-clay  only  occurs 
in  small  quantities,  and  costs  at  the  pit-mouth  55s.  a  ton,  ordinary  fire-clay  only 
realising  los.  a  ton, 

ViMtftCiMj.  Ordinary  potter's  clay  also  possesses  most  of  the  properties  of  plastic 
clay ;  many  varieties  form  with  water  a  similarly  tenacious  mass.  But  potter's  clay 
is  highly  coloured,  retaining  the  colour  after  burning.  It  effervesces  on  the  applica- 
tion of  hydrochloric  acid,  and  changes  to  marl.  It  follows  from  its  containing  large 
proportions  of  lime  and  oxide  of  iron  that  it  is  fusible,  and  melts  according  to 
the  quantity  of  these  constituents  at  a  higher  or  lower  temperature  into  a  dark 
coloured,  slag-like  mass.  It  is  found  in  the  last  formation,  or  entirely  on  the 
surface  of  the  earth,  and  sometimes  in  the  tertiary  formation.  It  contains  among 
other  foreign  substances  organic  matter,  iron  and  other  pyrites,  gypsum,  &c. 

waikerite.  Walkcrite,  or  Walker's  clay,  is  a  soft,  fi-iable  mass,  occurring  from  the 
weathering  of  Diorite  and  Diorite  slate.  In  water  it  separates  to  a  powder,  not 
forming  a  plastic  pulp.  In  its  powdered  condition  it  is  of  use  as  an  absorbent  of 
fat,  &c.,  whence  its  application  to  the  removal  of  grease  spots  in  books,  &c.  It  is 
found  at  Reigate  in  Surrey,  Maidstone  in  Kent,  further  at  Aix-la-Chapelle,  in 
Saxony,  Bohemia,  Silesia,  and  Moravia.  It  is  employed  in  paper-making,  and  as 
an  addition  to  ultramarine. 

Marl.  Marl  is  a  mechanical  mixture  of  clay  and  carbonate  of  calcium,  containing 
Band  (sand-marl),  and  other  constituents;  that  containing  lime  is  called  lime-marl; 
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that  clay,  clay-raorl.  In  -water  it  falls  to  powder,  and  forms  a  non-adhosive, ; 
maBS«  With  aci{L§  it  eflervesces,  whereby  moro  than  half  the  weight  is  lost.  It  melfi 
easily.  It  is  found  in  the  lias  and  chalk  farmation.  Its  chief  application  is  to  the 
improvement  of  land. 

Loam*  Loam  may  bo  considered  as  the  result  of  the  mixture  of  clay  with  sand*  It 
is  a  clay  more  or  less  mixed  with  quartz-sund  and  ii'on-ochre,  also  with  lirao,  when 
it  assumes  a  yellow  or  brown  colour,  changing  on  burning  to  a  red.  It  forms  with 
water  a  slightly  plaatio  musSp  and  is  not  very  refractory*  It  is  foiind  always  on  the^ 
surface  of  the  earth,  and  known  as  common  clay,  employed  in  the  manufacture 
bricks,  coarso  potterj%  &c. 

There  is  8ometimes>  but  very  seldom,  used  in  earthenwiire  manufacture,  amixtur 
of  f^lay  and  iron -ochre  or  hydrated  oxide  of  iron  (2FeiO3,3lI0). 

vomvoaaoAotmrnonn.  Kaolin  in  puro  condition,  and  only  by  moans  of  washing,  freed 
from  coarae  substances,  quartz,  aand,  &c-,  is  a  mixture  of  porcelain  clay  with  rocky 
residue*  Porcelain  claj^  i.e.  the  plastic  part  of  kaolin,  is  always  of  equal  composi- 
tion.   The  composition  of  kaolin  is  given  in  the  following  analyses  :— 


From. 

St.  Yrieux    . . 
Cornwall 
Devonshire  . . 
Passau  , . 

Aue       

Mori,  near  Hallo 


Rocky  restdos.        Free, 


Bilic«^ 

Combined 
with  Alumina. 


Alumina.       Water. 
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jLiui*  of  ci»7  Ware,  Clay  wftro  is  generally  separated  into  devic  and  porous  wai'C. 
dense  ware  is  so  strongly  heated  tlmt  half  its  mass  is  lost ;  its  fracture  is  glazcnl  and 
conchoidal ;  it  is  translucent  and  compact,  being  impenetrable  to  water ;  and  it  giv<^ 
a  spark  when  struck  with  steel.  Porous  clay  ware  is,  in  the  mass,  not  glazed,  its 
fracture  open  and  earthy ;  and,  when  not  superficially  glaze<l,  water  freely  per- 
colates through  it.  It  also  clings  to  the  tongue.  The  bui'ntmass,  whothei"  dense  or 
porous  ware,  either  remiiins  rough  or  is  glazed. 

The  following  are  the  CBsential  varieties  of  clay  ware  :— , 

I.  Iknte  Clittf  Ware,    A.  Hard  poroelain.    Tlie  mass  tH^tiid  throughout  j  sot  indents! 
with  a  knife  ;  fine-graintd,  trauiilujcciit,  eonorouft,  and  whit*.    Fmcturc,  fine-grallied,  ao  ' 
conchoidal.   8p.  gr.  =12*07  to  2*49*    It  may  be  conaidortKl  as  compcpsed  of  two  fiubstanee*- 
aftmely,  as  a  natural  olay  or  true  kaoUn,  infusible,  and  jiresorvin^?  its  whiteness  under  1,^ 
itrong  heat;  and  as  a  flux  eonaiDting  of  Hihca  and  lime,  or  felspar^  vnth  or  witheuC 
gmBum,  chalk,  and  quartz.     Tbe  glazing  is  c*fecnt  ioUy  due  to  this  flux,  and  not  io  oxide  of 
fcfid  or  tin.     It  is  chai'acteristio  of  the  manufacture  of  liard  porcelain  that  the  bunuAgs 
am  included  in  «f#  operation. 

B.  Soft  or  tender  porcelain.  Tbe  mass  more  GAAly  fluid  than  hard  porcelain.  Two  Idndi 
are  known: — 

a,  French  poroelain,  11  glafis-Uke  maaa,  ettentially  a  potaah-almnma  silicate,  ptpar«4 
with  the  addition  of  clay,  therefore  errcmeoualy  termed  a  clay  ware,  and  containing  lead 
similarlr  to  crystal  glosN. 

3.  ^ngliiih  soft  porcelaiti.  The  maaa  similar  to  kaolin^  plastic,  remaining  -n'hit«  when 
burnt  (pipe-day).  II  is  made  with  a  ritroous  griti  oonsli^ting  of  gyi>«4uni,  Comi8h  stone 
(weaihoi^  pegmatite),  bone-o^h  (e«8entiaUv  phoitphate  of  calcium  u  in  very  varied  pro* 
portions.  Tne  glaze  is  obtained  jty  pulverised  Cornish  stone,  <"halk,  iMJwdr'r«4  fire-clay, 
and  borax,  mosUy  with,  gcJdom  without,  tlio  addition  of  oxide  of  lead.  The  glaring  nt  a 
eecond  prooofi&> 
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0.  Statue  porcelain,  or  bificuit  ware : — 

a.  Genume  and  unglazed  porcelain. 

/9.  Pariaian  porcelain,  or  parian.  Unglazed  statue  porcelain  is  similar  to  English 
porcelain. 

7.  Garrard,  less  translucent  than  parian,  and  sometimes  of  a  whiter  colour. 
D.  Stoneware.    Dense,  sonorous,  fine-grained,  homogeneous,  only  in  the  least,  if  at  all, 
fcrsnaluoent,  white  or  coloured. 

a.  Glazed  porcelain  stoneware.  Plastic,  remaining  white  after  burning,  slightly  ref rac- 
tozy  with  the  addition  of  kaolin  and  fire-clay ;  a  felspar  as  flux ;  the  glaze  contains  borax 
and  oxide  of  lead. 

fi.  White  or  coloured  unglazed  stoneware.    "Wedgwood  ware. 

7.  Ck>mmon  stone- ware  (salt-glazed).  No  fluxing  material  is  employed,  but  the  firing 
is  increased.    Glazed  with  siliceous  soda-alum. 

II.  Porous  Clay  Ware.  A.  Fine  Fayence  with  transparent  glaze.  The  body  earthy, 
clinging  to  the  tongue,  non-transparent,  sometimes  sonorous ;  the  glaze  containing  lead, 
borax,  felspar,  kc. 

B.  Fayence,  with  non-transparent  glaze.  The  body  of  a  yellow  burnt  potter's  clay  or 
day-marl,  with  non-transparent  white  or  coloured  glaze  or  enamel,  containing  tin.  To  this 
class  belongs  majolica,  delf  ware,  &c. 

C.  Ordinary  potter's  ware.  The  body  of  ordinary  potter's  clay  or  clay-marl,  red- 
ooloured,  soft,  and  porous.  Mostly  glazed  with  lead,  the  glaze  being  always  non-trans- 
TMirent.  According  to  the  colour  of  the  glaze,  the  ware  is  distinguished  as  white  and 
Drofwn. 

D.  Plate,  terra-cotta,  fire-clay  ware,  tubes,  ornaments,  vases,  &c.  The  body  earthy; 
mostly  more  or  less  unequal ;  always  coloured,  porous,  easily  fluid,  and  slightly  sonorous. 
Is  not  usually  glazed. 

I.  Hard  Porcelain. 
^^  th?MlufriaV.'^*"'  Hard  porcelain  is  composed  of  a  mixture  of  colourless  porcelain 
clays  with  felspars  as  a  flux,  which  sometimes  is  composed  of  quartz,  chalk,  or 
gypsum.  The  porcelain  clay,  in  itself  infusible,  and  becoming  in  the  fire  only  an 
earthy,  opaquo  mafss,  when  intimately  mixed  with  the  flux  material,  melts  easily  at 
a  higher  temperature  than  that  of  the  glass  oven.  The  materials  of  porcelain 
manufacture  are  not  found  native  in  such  a.  condition  that  they  may  at  once  be 
employed ;  they  must  be  ground  to  a  fine  powder,  and  this  washed  to  separate  the 
foreign  substances.  Pure  kaolin ,  however,  is  not  utilisablo  in  porcelain  manufacture, 
as  it  l)ecomes  much  decreased  in  volume  on  the  application  of  heat.  It  is  therefore 
mixed  with  fine  washed  quartz  sand,  although  this  addition  somewhat  impairs  the 
plasticity.  This  mass  on  treatment  with  fire  would  be  porous,  and  it  is  for  the 
closing  of  the  i)ores  and  to  form  a  binding  glass  that  felspar  is  added.  The  propor- 
tions in  Berlin  porcelain,  according  to  G.  Kolbo  (1863),  are  66  6  parts  silica,  28*0 
parts  clay,  070  part  protoxide  of  iron,  o*6  part  magnesia,  and  03  part  lime. 
Proportions  of  the  materials  as  employed  at — a.  NjTnphcnburg;  /9.  Vienna;  7.  Meissen:— 

a.  Kaolin  from  Passau      65 

Sand  therewith      4 

Qiixrtz 21 

Gypsum 5 

Broken  biscuit  ware     5 

3.  Kaolin  from  Zedlitz      34 

Kaolin  from  Passau      25 

Kaolin  from  Unghvar 6 

Quartz 14 

Fekpar 6 

Broken  ware 3 

7.  Kaolin  from  Aue 18 

Kaolin  from  Rosa 18 

Kaolin  from  Seilitz       36 

Felspar ,  26 

Broken  ware 2 
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Tlio  mixture  of   tho  matcriab  in  the  lequired  proportioa  taJcea  plaoc  in  lArgti  mU) 
wheiuje  tho  tMn  pulp  is  pumped  and  forced  through  &ievett  into  unothisr  vessc4. 

Diyint  the  BUtt.  After  the  water  is  removed  from  tha  sediment  at  tlie  bottom  of  tlio 
vat  or  tank,  tto  cLiy  appears  as  a  slime*  wHch  has  to  be  driod  to  tU©  required  con- 
sistency. The  drying  or  ovaporation  of  the  wator  is  eSectod  in  wide  wooden  tanks 
exposed  to  a  strong  current  of  air.  This  is  a  very  general  method  trf  drying  tho 
mass,  but  can  only  be  employed  during  tho  summer  months  on  account  of  the 
dampness  of  our  climate.  It  is  not,  therefore,  sulficiently  extensive  for  large 
mamifacturers,  and  consoquontly  other  means  of  drying  are  resorted  to — ^usually 
by  means  of  absorption,  the  mass  being  laid  on  a  porous  layer  of  burnt  lime» 
gypsum,  &c.  Drying  by  moans  of  gyp?Jum  is  expensive,  as  it  soon  becomes 
hardened,  and  has  to  bo  removed.  Tho  inasa  can  also  bo  dried  by  moans  of  air- 
pressure,  being  in  this  case  placed  in  flat  porous  boxes,  under  which  a  vacuum 
chamber  is  situated.  Talbot'a  apparatus  is  formed  on  this  principle*  In 
Grouvelle  and  Honore's  system  of  drying,  the  water  is  first  partially  removed, 
by  means  of  draining  over  gj'psum,  and  the  moss  is  then  put  into  firm 
hempen  sacks,  which  are  subjected  to  pressure  in  a  screw  or  lever  press.  Pressed 
clay  has  greater  plasticity  than  that  dried  by  artificial  heat :  but  the  method  is 
expensive,  as  the  sacks  soon  require  replenishing,  being  speedily  worn  out  by  the 
constant  pressure.  When  the  mass  is  dried  hy  pressure  or  by  absolution,  tho  water 

Kii««diaMh«  nrt*<i  ^j^  ^jj  ^ascs  is  not  equally  expelled,  and  there  are  also  nir-bubles, 
which  must  bo  removed.  This  is  done  by  kneading  and  treading  the  mass  'mih.  the 
feet  and  hands,  and  by  this  means  also  the  plasticity  of  the  mas^a  is  improved. 
Another  method  of  improving  the  plasticity  is  by  allowing  tho  moist  clay  to  stand 
till  it  becomes  putrid.  Stagnant  water  is  often  employed.  Brongniart  explained 
the  action  of  this  rotting,  as  it  is  termed,  to  be  that  gases  were  formed  in  tho  body 
of  the  clay,  and  that  by  the  continuous  movement  caused  in  their  endeavour  tf> 
escape,  tho  finest  particles  of  the  material  wero  intimately  mixed.  Salv§tat  give? 
tho  following  hyp^othcsia :— By  tho  rotting  there  ifl  formed  in  tho  mass  a  largo 
quantity  of  sulphuretted  hydrogen  gas.  This  gas  effocts  tho  reduction  qf  th*? 
alkahno  sulphurots  to  eulphuret  of  calcium  under  the  influence  of  the  organic  sob- 
etances,  the  sulphuret  of  calcium  being  set  free,  a  similar  action  taking  place  with 
tho  r^irbonic  acid  in  contact  with  the  air.  The  bleaching  of  the  mass  on  exposure  to 
the  air  is  due  to  the  oxidation  of  tho  black  sulphuret  of  iron  to  sulphate  of 
which  is  removed  by  washing.  The  decomposition  of  the  felspar  constituents  i 
also  ensue  from  the  long-continued  action  of  the  water.  According  to  E,  von 
Sommaruga,  of  Vienna,  tho  existing  sulphates  are  decomposed  by  the  air  into 
iulphurett*>d  hydrogen  and  cai  donated  salts,  and  these  lieing  removed  with  tho 
water,  tho  refractory  nature  of  the  clay  is  improved. 

TittMdfiidiiig.      Tho  kneading  and  rotting  accomplished,  tho  porcelain  mass  is  taka 
to  another  room  to  be  moulded.    This  is  oflPoetod  either  on  a  i>otter*fl  whoel  or  in  iT 
mould. 

Tiie Potter*  Wheel.  Tho  pottor's  whoel  consists  of  a  vertical  iron  axis,  on  which  a 
horizontal  solid  wheel  is  fixed,  and  caused  to  revolve  by  tho  imi  or  by  steam-power, 
tho  motion  in  the  latter  case  being  regulated  by  tho  feet.  A  lump  of  clay  is  plaeed 
upon  the  wheel,  tho  thumb  being  placed  in  tho  centre  of  tho  lump  and  j^reased  do^-n^ 
wards;  a  hollow  is  thu^  formed,  which  is  widened,  or  tho  walU  continued  vertically 
aooording  to  the  shape  of  the  vessel  to  be  made.  The  constant  revolution  of  tho 
whool  easily  allows  of  the  moulder  obtaining  a  perfectly  cylindrical  form.     By  thus 
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Lumoiirmg  tlie  clay,  elongating  tho  vessel,  again  depressing  it,  widening  it,  and  by 
cson tinned  manipulation  in  this  manner,  tho  most  exquiaito  shapes  are  proilncod. 
To  form  tho  ridges  or  sharp  edges  of  tlie  vessel  a  email  piece  of  iron,  a  strip  of  horn 
or  wood,  termed  a  bridge,  is  nsod*  Tho  perfectly  formed  vessel  is  cut  away  fixna 
the  wheel  by  a  piece  of  brass  wire. 

^"pSi^jSt'*'*''    A  mould  is  Urst  taken  from  the  pattern  or  original  object,  which 

may  be  of  clay,  wax,  gypsum,  or  metsd,     Tho  moulding  is  performed  with  dry 

material,  with  clay  of  tho  consistency  of  dough,  or  with  fluid  clay.     The  moulds 

must  possess  a  certain  amount  of  elasticity,  and  be  jxirQUs  in  order  to  absorb  the 

moisture  expressed »     For  these  reasons  plaster -of- Paris  is  generally  used.    The 

moxild  is  taken  from  tho  originiil  urticlo  in  parts,  which  are  trimmed  to  fit  t<>gether 

accurately  ;  into  each  part  ia  then  pressed  mifficient  clay  to  titi  tho  indentations  of 

'  the  pattern,  more  day  being  addtni  till  a  j>roper  thickness  is  obtiiiued.     The  parts  are 

'  then  htted  together,  and  the  moulds  left  for  some  time.     This  method  of  moulding 

I  Is  eometimes  called  press  work,  and  is  adapted  to  all  kinds  of  pottery  not  of  circular 

form*    Plates,  cups,  and  dishes  are  also  made  in  a  similar  manner.    A  loaf  of  clay 

id  rolled  out  and  pressed  between  flat  moulds.     Sometimes,  instead  of  rolling,  the 

clay  is  beaten  out  with  a  wooden  hammer  covered  with  leather. 

CMtiPfr      Moulding  porcelain  articles  out  of  thin  pulpy  day  is  one  of  the  most 

rixigenious  arts  of  the  potter,     Tho  fluid  clay  is  i:^onrod  into  porous  moulds,  which 

,  Absorb  a  portion  of  the  water,  thereby  reducing  the  pulp  to  a  certain  consistency. 

The  interiur  pulp  remaining  fluid  is  now  poured  out,  and  the  cast  or  coating  of  day 

t  adhering  to  the  mould  allowed  to  harden.     When  snlliciently  hard  tho  vessel  is 

I  taken  to  the  lathe  to  bo  finished,  or  if  not  of  circular  foi-m,  to  the  finishing  room, 

where  with  sharp  tools  any  required  iiattcrn  is  cut,  or  handles,  spouts,  &c.,  which 

have  been  made  in  sepamte  moulds^  attached. 

'  The  finest  porcelain  is  finished  by  hand,  as  machinorj"  or 
■  moulds  could  not  give  sufficient  sharpness  to  the  beautiful  flowers  and  figures  sculp- 
tured on  vases,  &c.  The  flowers,  &c,>  are  first  prepared  in  moulds,  are  tlxon 
attached  to  the  body  of  tho  article,  and  finally  are  finished  off  with  edged  tools. 
The  stalks  of  tho  flowers  are  sometimes  Ibrmod  on  wire ;  and  tho  leaf  is  first  roughly 
constructed  in  the  palm  of  the  hand,  the  furrowing  and  veining  being  done  after- 
wards. The  texture  of  drap<>ry  is  imitated  by  means  of  a  piece  of  tuDe,  which  is 
laid  on  the  clay,  and  allowed  to  drj-.  During  the  burning  the  tulle  is  consumed, 
leaving  tho  pattern  on  tho  porcebiin, 

nrriflf  fbcFurretaia.  After  tho  porL'eluin  waro  is  fonnod,  it  is  dried  for  some  time  at 
the  ordinaiy  temporatuio.  This  is  continued  till  the  clay  contains  no  moibturo, 
that  is,  untd  its  weight  is  tolerably  constant.  During  this  dr^^ng  the  clay  is  said 
to  be  in  the  green  state,  and  possesses  a  greater  tenacity  than  it  has  in  any  of  the 
former  processes. 

oiJitkfijt,      Oidy  very  few  articles  of  porcelain  ware,  generally  itituea  or  fiRnrea,  remain 

uuglazed;  these  are  termed  bUcuii  ware.    All  other  artides  are  glazed.    The  glasia^ 

Lployed  are  of  four  lands : — i.  Karth  or  clay  glazi3ig«  aro  tTaiisparent,  and  formed  by 

sited  silica,  alanyiia,   and   alkalies;    they  easily  become  fluid,   and   melt   about    tliti 

Qperataro   at  which  the  yessels   iiro  baked-     Tlds  kind  of   gin  zing  is  used   fur  hard 

IlKHrelain.     2.  Lead  glazc^  are  transparent  gLizes  containing  lead;  most  of  these  m*?lt 

at  the  temperature  at  wliich  thn  articles  are  burnt.     3,  Knamel  ju-lnze^j  are  partly  white, 

partlj'  coloured  opaque  gloaaes  oontaluing  oxide  of  tin  besides  oxi<le  of  load.     Thia  kind 

of  ghize  is  easily  melted,  and  serves  to  cover  the  unequal  colour  of  the  under  mass.     4. 

'  La«treM  are  mostly  earth  and  cdkali  glazes.     Thia  class  includes  the  ordinary  salt-|;^luzed 

I  ware,  as  well  as  glixzm  containing  mt-tallio  oxides  used  to  imitate  gold  and  silver  siixfac^s 

'  for  ornament  merely. 
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ForetiidnGUio.  Wc  wiU  hcre,  however,  concern  ourselves  only  with  porcelain 
gla^e.  It  is  necessarj"  that  this  glazo  should  melt  i^eadily  at  the  temperature  at 
which  the  article  is  fired ;  that  it  should  be  colourless  and  opaque  ;  that  it  should 
fire  sufficiently  hard  to  withstand  pressure,  grin  ding,  and  ordinary  cutting.  The 
glaze  is  added  to  the  porceLiin  ma^s  with  a  flux,  so  that  the  molting  may  be  readily 
affected.     At  Meiscien  the  glaze  used  contains  :^ 

Quartz      ..      . .      . .      . »      , .     37*0 

Kaolin  from  Seilitz         , 37*0 

Lime  from  IHma    . .      . .      . .     . ,     i7'5 

Broken  porcelain 8*5 

lOO'O 

In  the  Herlin  porcelain  manufacture  the  following  glaze  is  employed: — 

Kaolin,  from  Morle.  near  Halle     ,       , 31 

Quartz-sand       43 

Gj^snm      ..     ••      ,.      .,     .,      ..      .,      .,      ,,     14 
Broken  porcelain  i3 

100 

ApptyiB^iiwokM.  The  glaze  cau  be  put  on  in  four  ways : — ^i.  By  immersion.  2.  By 
dusting.  3.  By  watering,  4.  \ly  volatilisation.  The  glaze  is  either  mixed  with 
the  ingredientij,  or  applied  superficially  by  one  of  the  preceding  methods.    Glazing 

imiKMvtoa.  by  immersion  is  employed  in  the  case  of  imroelain,  the  finer  Fayenee  w*ore, 
and  sometimes  for  stoneware.  It  requires  some  degree  of  iK)rosity  in  order  that  the 
glazing  pap  may  be  absorbed.  The  glazing  materials  are  mixed  with  water  to  form 
a  thin  pulp.  The  articles  previous  to  their  immersion  are  slightly  baked  to  i»revenl 
the  clay  being  Boilcned  and  running  fluid  in  contact  with  the  water  of  the  glaz^l 
The  articles  are  dipped  into  the  glaze,  which  they  readily  absorb,  a  coating  or  thill 
layer  of  glaze  remaining  on  their  surface  when  they  are  removed  from  the  batlul 
The  glaze  is  removed  fiom  the  bottom  of  the  article  immedi^itely  in  contact  with 
the  substance  on  which  it  stands  to  prevent  its  sticking.     Glazing  by  dusting  is  a 

piuOne.  surface  method,  and  only  used  for  costly  waTO.  The  freshly  formed  and 
still  damp  w*are  ia  dusted  with  lead  glaze  or  minium,  a  layer  being  left  on  the 
por^ioe*  The  powd'/rs  employed  chiefly  contain  oxide  of  load,  which  combines  with 
the  silicu  and  alumina  of  the  clay  mass  during  the  firing  to  form  a  glaze.     lie- 

waicriiMf.    ccntly  finely -pulverised  zinc  blende   and   Glaul>er   salt  have  been  em- 
ployed.    Watering  is   a  method  of   glazing  employed   for  non-porous   artide^l 
KUcb  as  English  porcelain,   ordinary  pottery  ware,  and  some  kinds  of  Fayenee* 
ware.    Glaze   of   tlie   proper    consistence  is  poured  over   the   articles,    the  in- 
terior sometimes    being   left  coated  with  a  white  glaze,   while   the  outsiile  is 
again    coated    with    a    coloured    glaze,    as    is    seen    in     common    brown -ware, 

11}^  VoiiuttfeMioB  or  smeariar.       Glaziug  by  volatiUsatlon  is  effected   by  cx>nveying  int 
the  oven  a  salt  or  metallic  vapour  which  shall  form  with  the  silica  of  the  mass  «& 
etBcient  glaze.     The  most  general  method  is  applied  to  ware  not  requiring  to 
baked  in  fire-clay  vessels.    Common  salt  is  placed  in  the  oven  with  green  wood  for" 
fuel  to  form  an  irriguous  smoke.    This,  the  salt,  heated  to  redness,  receives,  and  iii 
decomposed  iiito  hydrochloric  acid  and  soda,  the  vapours  of  which  fill  the  oven.j 
The  inside  &nd  the  outside  of  the  vessel  submitted  to  this  process  are  thus  simnlta 
neouflly  glazed.     Fine  stoneware  baked  in  fire-clay  vessels  may  be  glazed  by  the 
Ignition  of  a  mixture  of  potash^  plumbago,  and  common  salt.    During  the  baking 
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or  firing  cyoride  of  lead  is  formed,  wliicK  combines  witli  llio  silica  of  tlio  day  to 
form  a  thia  glass.  This  method  of  glazing  is  in  England  termed  atneartng^  boracic 
av.id  being  employeti. 

tJi»tf«jM.dFUjwjng  ^  method  of  glazing  by  Tolatilisation,  known  as  glazing  with 
flriwing  fX^lours,  is  employed  for  porcelain.  It  essentially  consists  in  the  ignition 
of  a  mixture  of  chlortde  of  calcium »  chloride  of  lead,  and  clay,  placed  in  a  small 
yoiisel  in  the  firing  capsule  or  firing  chaiuber,  and  to  which  some  metaUic  oxide  is 
added,  as  cobalt  oxide.  The  oxide  is  coETOi'ted  into  chloride,  and  combines  with 
the  constituents  of  the  article. 

Tb«  Oipmif ,  or  SAgrr.  Porcelaiu  ware  and  superfine  earthenware  are  not  exposed, 
when  burat,  to  the  fieo  action  of  the  flame,  as  various  impmities,  such  as  ashes 
and  &moke,  would  det^'riorute  tho  beiiuti,".  They  are  therefore  enclosed  in  fire-clay 
ve^iaela,  termed  in  France  gazetifs^  in  Germany  ^'ap«<'/n,  and  in  England  aaggcri. 
These  saggeiu  are  manufactured  of  the  best  tire- clay,  with  which  is  mixed  a 
cement  made  fiom  broken  saggers*  First,  into  euch  sagger  is  put  a  perfectly  true 
disc  of  the  same  material,  and  upon  this  tho  porceliiin  ware  is  placed,  three  knob? 
Tm.  T47.  Fio.  14S. 
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or  snuiii  jiiripH  pioji  <  tiji;;  hr.in  i  III'  dif-r,  and  keeping  the  article  firom  contact  with 
a  largo  surface  to  which  the  glazo  wouJd  cause  it  to  adhciv* 

■nt«  Furcvi»)ii  OTcn.       Fig.  147  is  a  vertical  section  of  the  porci^ain  oxoxit  and  Fig.  143 
tLo  elevation.     The  oven  is  essentially  a  reverberatory  furnace  with  thiee  stagk^a 
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and  five  fire-rooms  supplied  with  wood  fires.  Tko  oven  may  be  coodsidered  aa  a  tall 
t-ylinder,  surmoimted  by  a  cone,  in  the  apex  of  which  is  the  chimnoy  openiiig,  tho 
ilat  Taulte  by  which  it  is  divided  being  pierced  to  allow  of  communication,  Both 
the  stages,  L  and  l\  serve  for  tho  ** strong  firing*'  of  the  porcelain.  Tho  upper 
stage,  il\  termed  variously  the  howtll^  crown,  or  cowl,  serves  for  the  **  raw  burn- 
ing,*' At  the  bottom  of  both  tho  lower  titages  are  built  the  fire-places,  /,  leading 
by  g  into  the  oven,  o  is  the  iiah-pit,  t  the  opening  to  the  ash-pit  closed  during  the 
burning;  o  is  an  opening  through  which  fuel  is  introduced  ;  e  c  are  the  openings 
admitting  of  the  circulation  of  the  hot  gases,  r  is  the  door  by  which  the  oven  is 
untercdp  The  ovens  are  gradually  heated  fii-st  to  glowing  heat  and  then  to  a  strong 
red  heat.  At  this  stage  the  openings  are  elo9*?d  and  the  oven  raised  to  a  stronger  % 
h©at»  at  which  it  is  allowed  to  remain  for  a  short  time.  This  intense  burning  lasts  J 
about  seventeen  to  eighteen  hours ;  the  oren  is  then  opened,  a,nd  allowed  to  cool 
gradually  for  three  to  four  days. 

EMriiiirtiwOTtn&Dd    After  the  oven  h  cMwIed,  the  Baggers  contaiiuiig  the  ware  are  re- 

^rtiog  thtt  Wai*.    Tnoved,  and  tho  war©  taken  out.   It  is  then  separated  into  four  kinds : — 

fi.  Superfine,  containing  no  blemished  ware.     If.  Medimn,  tho  ware  slightly  inferior  in 

glo^e,  kc.     e.  The  chipped  and   imperfectly    glazed  ware.     rf.  Wa.*itc,    or  ware  so  di&- 

tortixl  or  crackod  oa  to  bo  useless. 

FiiaJtr  w*w.  The  chief  faults  are  : — Cracldng,  from  tho  porcelain  not  Wing  sitfiiciently 
plastic,  from  drying  anoqually,  and  from  unequal  heating*  Part  fusing  from  a  too  string 
f  heat.  Air-bu1>ble{i  causing  lumps  to  appear  on  the  surface  of  the  war&  through  the 
'  expansion  of  the  air  by  heat.  Spotting,  m)m  fragments  of  the  sagger  fmung  and  fidling 
in  tipon  the  wiire,  Yellow-eolouringi  from  smoke  having  entered  iSo  sagger,  Tlie  chioi 
frtultd  in  the  glnjto  are :— Blowing,  the  result  of  the  development  of  gas  by  the  reaction  of 
the  constituents  of  the  glaze  upon  each  other;  also  reeniting  from  too  strong  a  firing. 
81ielling»  or  the  exfoliating  of  the  glaze. 

Pereekio  PaiaiiztK.  Porceluin  painting  is  really  a  branch  of  glass  painting,  tho  colours 
being  glass -colours,  which  when  burnt  in  become  diu'able  and  bright  The 
colours  employed,  tcchnicaUy  termed  uiufile  colotirs*  are : — 

Oxide  of  iron,  for  red,  brown,  violet,  yellow,  and  sepia, 
,,        chromium,  for  green. 

»,         cobalt  and  potassiiim-cobalt-nitre,  for  blue  and  black, 
II        uranium,  for  orange  and  black. 
^,         manganese,  for  violet,  brown,  and  black, 
„        iridium,  for  black. 
„        titanium,  for  yellow. 
„        antimony,  for  yellow. 
,,        copper  (and  protoxide),  for  green  and  rod. 
Chromate  of  iron,  for  brown. 
,,  lend,  for  yellow, 

„  barium,  for  yellow* 

Chloride  of  silver,  for  red. 
Chloride  of  platinum,  for  platinising. 
Purple  of  Cassius,  for  purple  and  rose-red. 
These  colours  are  mixed  with  a  fluxing  material,  so  that  by  the  melting  a  silicate 
or  borate  may  be  formed,  yielding  a  g<>od  gla^o.  Therefore  the  oxide  of  cobalt  and 
the  oxide  of  copi^er  must  first  be  mixed  with  silicic  acid  and  boracic  acid,  oxide  f^f 
antimony  with  oxide  of  lead,  &c.,  to  form  a  blue,  green,  or  yellow  colour^  because 
there  are  few  metallic  oxides  yielding  these  colours  that  are  not  affected  injnrioui»l) 
by  heat»  or  are  by  themselves  sufficiently  casUy  fluid.     The  buming^in  of  the 
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I  is  effected  in  a  tmiilo,  Fig*  149*  the  opeaing  0,  sf»TT!ng  a«  a  communication 
I  the  interior,  by  which  the  tlugree  of  beat  may  bo  nscertaiuetl ;  th<?  opt:?iung,  m, 

for  the  eaciipct  of  the  vapours  of  the  ess<'iitial  oils  (oil  of  turpentine,  oil  of 
Ddor,  &:v.\,  witli  which  the  enamel  colours  aro  Bometimf?s  ground  up.     Fijr.  i^r# 

Fio»  150. 


Fio.  149* 


m^. 


1^1! 


i 
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bowe  the  method  of  heating  the  mufflo.     The  lioating  is  commenced  at  a  low  tem- 
eniture  and  is  gradually  increased  to  a  red  heat*     From  time  to  time  tiie  mufiBe  is 
opened  till  the  colours  begin  to  disappear  \  thon  the  muffle  is  carefully  closed,  raised 
to  a  bright  red  heat,  and  finally  allowed  to  cool  as  slowly  oa  possible. 

unaneiiunK  the  Fo4«iaiB>  TJio  gpold  employed  for  decora tinff  tho  porcelam  ia  diasollrcd  in 
aqua  regria,  and  precipitated  -mth  either  Sulphate  of  iron,  mtmtc  of  protoxide  of  mereurj', 
or  by  meaiid  of  oxalic  aciiL  In  its  application  the  gold  mast  be  intlmatoly  mixed  with  a 
flii3t.«  generally  nitrate  of  oxidn  of  hisnmtli.  Shell  gold  ia  employed,  alHO  gold-beaters' 
refniee.  The  article  to  ho  gilt  m u  -1  1 1  1 1  n  roughly  freed  from  greace,  else  the  gold  will  not 
adhere.  The  gold  powder,  tlnely  -.rpninl  iqi  with  fin  gar  or  honey,  or  some  nich  soluble 
subfttancet  is  applied  with  a  pt  ucil  bnitili.  The  buming-in  i»  ettected  in  a  muffle,  llie 
gold  \a  nut  melted  during  the  burning,  but  becomes  firmly  eet  U]>on  the  orticlo  by  meana 
of  the  flux-  After  burning  the  gold  does  not  at  once  appear  bright,  but  req^iireu 
biimi«hijig  with  an  agate  tooL 

itrigt^i  Giidinff.  Bright  gilding  differs  from  the  foregoing  in  requiring  no  after  poli&hing 
or  bnmi»hing.  It  is  effected  by  buming-in  a  solution  of  snlphuret  of  ifold  or  fidininJiiing 
gold  in  balMim  of  sulphur,  TViien  an  article  is  gilded  with  precipitat<Ml  metallic  gold  or  a 
bright  gold  preparation,  the  gilding  ia  aecure  from  injury  by  handling  or  scratching  with 
the  finger'niiil,  A:c. 

RitcriQffMUiPifltiiiii:!!*'  Sdrering  and  platinising  are  niually  only  in  slight  requisition, 
Metollio  fiUyer  is  thrown  down  from  its  solution  by  means  of  copper  or  zinc ;  the 
ph&tinum  is  precipitated  from  its  neutral  chloride  by  mean^  of  1x>iling  with  potash 
and  sugar.  The  tarnishing  of  silver  on  porcelain  by  pul|ihur«'tted  hydrogen  mny, 
according  to  Kousseau,  beproTented  by  placing,  before  burning,  a  thin  layer  of  gold  upon 
the  part  silvered;  the  result  them  is  a  white  layer  of  gold- silver.  Much  care  is  not  neocs* 
>iary  in  this  procesi.  The  ailycr  and  platinum  are  mixed  with  liftf^k  nitrate  of  oxide  of 
bismnth,  painted  on  nnd  burnt  in,  and  afterwards*  bumi«hfil. 

uifivpbui*'  TranKpar^-nt  pfvrcelaiu  is  u>ted  in  the  art  cif  lithophanic,  or  making  tninips* 
reneies,  A  thin  and  unglazed  pcurelain  plate  is  prej*«?d  into  a  flat  gypsum  mcmUl 
bearing  tho  pattern  in  liigh  relief,  llie  figures  by  tranmiittcd  light  appear  in  deUcately 
Tunnded  tones  of  light  aud  ahade.  The  applications  of  thifi  art  to  the  manufacture  of 
lampshades,  window  ornaments,  &e,,  are  too  well  kno'wn  to  need  remark  hero. 
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II*  To-DEE  Porcelain. 
SJwkdhVdttePorcciKio.  Tender  or  fiitte  porcelain,  is  dietingaislied  in  commerce  as  of 
two  manuiactures — ^French  and  Euglisli.  The  French  manufacturi!,  in  1695,  waa 
first  carried  oa  at  St.  Cloud,  near  Paris,  by  Monn,  who  employed  a  glassy  mass 
without  the  addition  of  kaolin,  but  containing  lead,  somewhat  similar  to  crystal 
glass.  It  C4in,  therefore^  haixlly  be  considered  a  porcelain,  strictly  so  called,  until 
molted  with  lime  and  alumina.  Thus  fritte  port'olmn  is  composed  of: — i.  A  glass 
mass  or  frttte,  obtained  from  silica  and  alkidies.  2.  Marl,  as  a  clay  constituent* 
Chalky  as  a  limo  conatituont.    The  proportions  of  those  constituents  are : — 

Fritte        75  75 

Marl  .. 17  8 

Chalk        8  17 

The  fritte  is  mixed  with  the  chalk  and  marl  to  form  a  thin  pulp,  which  is  allowe 
to  remain  for  a  month  to  dry,  and  thmi  again  pulverised.  "When  required  quickly 
plasticity  is  obtained  by  adding  soap-  or  lime-water,  Fritte  porcelmn  is  burnt 
in  saggers,  gencniUy  before  glazing.  During  the  burning  this  kind  of  porcehun 
softens  more  than  the  hard,  and  requires  supporting  on  every  side*  It  is  for  this 
reason  gcneruUy  baked  in  £i*e-clay  moulds*  The  ordinarj'^  oven  is  employed.  The 
glaze  for  tender  porcelain  is  a  kind  of  crygtal  glass  containing  lead.  This  glaze 
is  poured  over  the  articles,  as  thoy  aro  non- absorbent  on  immersion*  French  porce- 
lain is  similar  to  cryolite  glass  or  hot-cwt  poix^aitu  (See  p.  291.) 
sniaish  mttc  pQrc«iaiii,  English  te&di:?r  porcelain  consists  of  a  plastic  clay,  so-caUed 
China  clay  or  Cornish  stoue^  a  weathered  pegmatite,  with  tire-clay  and  bone-ash,  Tho 
addition  of  the  latter  is  due  to  Mr.  Spado,  in  iSo2 ;  recently  phosphate  of  calcium, 
as  apatite,  phosphorite,  etaflfelito,  or  sombrerite,  has  been  substituted.  The  glaze  is 
composed  of  Cornish  stone,  chalk,  fire-brick,  borax,  and  oxide  of  lead,  Tho  article 
must  bo  baked  before  glazing,  as  tho  glaze  is  so  much  more  easily  meltiblo  than  the 
body  of  the  article ;  and  in  this  second  firing  lies  the  difference  bctwoen  tho  inauu- 
fttcture  of  tender  and  of  hart!  porcelain,  I;i  hard  porcelain  the  melting-point  of  the 
glaze  and  tho  body  aro  tho  same.  Enghsh  porcelain  is  far  loss  solid  and  more  liable 
to  crack  than  the  hard ;  upon  tho  other  hand,  English  porcelain  is  the  more  plastic, 
and  can  be  produced  at  a  lower  temperature  in  saggers  of  inferior  fire-resisting 
qualitios,  consequently  at  a  less  expense.  Tho  burning  takes  phtco  in  a  stage  oven 
with  anthracite  coals,  tho  articles  being  placed  in  saggers.  Tho  glaze  is  applied  by 
immersion*  Eeoently  boracic  acid  has  been  largely  employed  in  ghmng  English 
jxjrcelain. 

Fxrtoii  Hd  Oirntfft.  Parian  is  an  ungloxed  statoe-porcelain,  similur  to  Enghidi  porocLun, 
but  more  difficultly  fusibk,  coiitairung  lees  flux  and  more  sihca.  The  colour  is  a  v«Ty 
fiUght  yellow;  tho  surface  is  wax-like.  Parian  was  firrt  prepared  by  0>pcland,  in  1S4S, 
altnough  the  idea  was  not  new,  as  beloro  this  time  Kiihn,  of  Me'ifl^'U,  hud  prepurcd 
i«tiitiie.<i  and  medallions  of  iKirodAm  in  imitation  of  nmrUe.  The  oompositiuu  of  punan 
l»  very  variublc  ;  feom<?  on  being  teirt^  yield  phofiphate  of  oAlcium,  othtir»  Hilicntif  of  iM^rttiiu, 
and  Again  sonio  coutuiu  only  kooliii  and  fckpor. 

Carram,  »o  niimr^d  m  iu  imitation  of  tha  nariiile  produced  from  Cairara  in  Tuiioaa;^,  U 
intermediiitf?  to  pariua  and  stoneirttro^  is  leit  tnuuparant  than  padaui  and 
whiter  in  colour. 
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m.  Sto>'ewaee. 
sioBAwan.     Stoneware  differs  entirely  from  porcelain ;  it  is  dense,  sonorous,  fine- 
grained ;  does  not  cling  to  the  tongue.    It  is  semi-fused  and  opaque.    Even  fine 
white  stoneware  is  different  from  porcelain  in  transparency,  being  entirely  opaque, 
although  in  some  other  respects  similar.    Stoneware  is  distinguished — 

1.  As  porcelain  glazed. 

2.  As  white  or  coloured  unglazod. 

3.  As  common  stoneware,  salt-glazed. 

The  fine  white  stoneware  is  made  from  a  plastic  clay,  burning  white,  and  not  very 
refractory.  To  the  clay  is  added  kaolin  and  fire-clay  with  a  felspar  mineral, 
generally  Cornish  stone,  as  a  flux.    The  glaze  contains  oxide  of  lead  and  borax,  and 


Fio.  152. 


is  transparent.  The  flux  is  used  in  the  making  of  stoneware  much  more  freely  thuu 
in  porcelain,  in  the  proportion  of  more  than  half  the  weight  of  the  mass.  It  follows 
that  stoneware  can  be  burnt  at  a  lower  temperature  than  porcelain.    The  article« 
21 
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aro  faahioned  out  of  the  plnstic  clay  in  the  eamo  mauner  as  porcelain,    Fino  stc^ne- 
ware  is  used  as  a  cheap  substitute?  for  porcelain,  it  being  much  moro  easily  bui'nt. 

White  or  coloured  unglaaed  stoneware,  or  Wedgewood  ware,  is  made  fixsm  a 
plastic,  slightly  refractory  clay,  kaolin,  tire-clay,  and  Cornish  etone,  the  latter  to 
the  proportion  of  half  the  weight  of  the  whole.  It  is  more  easily  fusible  than  poiTe- 
lain,  requiring  a  lower  temperature  in  burning.  The  coloured  stoneware  is  of  the 
ijame  composition  as  the  white »  the  colouring  being  only  superficiah  Frequently 
other  coloured  clays  are  used  for  ornaments  in  relief.  Coloured  Wedgewood-ware 
is  known  as  Egyptian,  butnboo,  line  salt  ware,  fine  biacmtj  &c. 

Common  stoneware  difTers  from  the  preceding  in  containing  no  flux,  the  clay 
being  eemi-fuaed  by  the  continued  action  of  the  fire.    To  the  clay  is  added  Bn^j 
^and,  or  pulverised  fragments  of  stoneware.  Chemical  and  pharmaceutical  utensila 
ucid  tanks,  &c.,  are  made  of  this  ware,  it  being  strong  and  durable.    The  colour  i«" 
generally  grey. 

scADc««n  Oven*.  Tho  ovcns  for  burning  stoneware  are  so  constructed  th.at  the  articloa 
can  either  lie  down  or  bo  placed  vertically.  Fig.  151  is  the  vertical  section  of  such 
an  oven  through  the  line  a  b  in  Fig.  152.  Fig.  153  is  a  section  through  the  line 
CD,  seen  from  B»  Fig.  154  is  a  section  through  cd,  seen  frx>m  A,  Fig,  152  is  the 
plan  on  the  line  EF,  Fig.  151.  «  a  is  tho  arch  or  vault  of  the  oven,  built  of  clay ; 
6,  the  vessel  chamber ;  c,  the  fire-room ;  rf,  the  fire-bars ;  e,  the  stok  j-hole ;  /.  thaj 
ash-pit;  g,  an  air -draught;  11,  a  pierced  wall;  i%  a  piei'ced  back- wall,  throu 
'^liich  the  flame  and  hot  gases  escape  into  o,  serving  as  a  flue.  Stone-coal  is  used  I 
fuel.    Another  form  of  oven  in  which  mineral  water  bottles  are  burnt  is  shown  i 
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Fig.  155.  It  is  constructed  on  an  easy  nlope  ;  cit  the  lowest  part  is  the  fire-room,  A. ' 
In  the  middle  of  the  bumirig.ri>om  is  tho  pierce<l  wall,  c,  technically  t4>nm.Hl  the 
IV  indow,  through  which  the  hot  gases  and  fliune  escape  into  D.  The  vault  and  walli 
It  and  E,  aro  of  broken  eurthecvware  bound  with  mortar.  A  chimney  is  unneceasar 
the  gases  escaping  thruugli  the  pierced  wall,  E,  into  the  air.  The  burning  usually  tikes 
about  eight  days.  Tho  high  tempi trature  at  which  common  stoneware  is  burnt,  and 
the  nature  of  its  components,  render  glazing  unnecessary;  but  generally  a  ghiaw  is 
obtaiaed  with  the  help  of  common  salt  jdacod  in  the  oven  during  bujmug.    MX^t  X\ 
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placing  of  the  salt  the  openings  of  the  oycn  aro  closed  for  some  time,  and  then  a 
eeoond  quantity  of  salt  is  inti-oduccd.  The  silica,  with  the  assistimce  of  tJie  st<?-i»m, 
decomposes  the  salt  into  hydrochloric  acid  and  sodai  ivith  which  \\  comhines.  Thus 
there  lis  forme<l  on  the  surface  of  the  ware  a  glaiee  of  silicate  of  soda  and  alumina. 
The  salt  will  take  u{>  more  than  50  per  cont»  silica,  according  to  Loykauf' s  experi- 
ments ;  therefore,  the*  more  silica  the  hotter  gloase.     An  oven  of  moderate  ^13jq  will 

Fkk  155. 


require  Soto  100  ptmnds  of  salt;  the  purity  of  the  salt  is  not  a  eiihject  of  much 
c^inaideration.  The  glaze  m  colourless » and  the  ycsse  lappears  the  colour  of  the  clay, 
Stoneware  that  18  unequally  coloured,  one  part  hrown,  the  other  grey,  has  been 
brought  to  that  state  by  the  escape  of  hydrocarbona  into  the  burning-room* 

LftcqoL'rpci  Ware.       Lacqttcrod   ware,  knDwn  as  Terralite  and  Sidcrolito  ware  in  northern 

Bohemia,  and  manufactured  by  the  firmA  of  Villeroy  and  Bocb,  of  DrcadDn,  is  an  intiT- 

medinte  ware  to  ftnc  and  oommon  stoneware ;  it  has  no  glaze,  but  a  strong  mirface  colour 

of   varnish   or  lat^qucr.     Candlesticks^  bowK    flower-vases,   ju^,   flowor-pota,  bii?<ket'<, 

butter-dii^hp!*.  friitt-dislit^s,  icf.^  are  formed  from  thii  ware,  and  baked  in  Baggers  in  the 

usual  manner.     Great  care  and  utteniion  are  requirod  in  burning  the  ware.     The  eolour 

\  or  bronze  is  mixe<l  with  Yaniisb  thinned  with  turpentine  or  linKeed-oil,  and  applied  with 

\  a  pencil.     The  wnro  in  then  placed  in  a  alow  oven ;  tlie  etheri&l  oila  volatilisse*  and  the 

[  Inonse  oolenr  beoomcA  Exod  to  the  mirface  of  the  ware. 


IV.  Faye]^ce  Waee. 
Ftiyt-nce  wnTF.     Fayonco  ware  (English  fine  stoneware)  denTes  its  namo  from  the 
town  of  Faenzu,  in  the  Italian  States,  where  the  ware  was  skilfully  mnde.     In  the 
gth  centuiy  the  Spanish  Moors  manufactured  fayence  in  the  Island  of  Majorca, 
whence  the  present  Majolica,  the  slight  alteration  in  the  manner  of  spelling  being 
■  Bcoount'tid  for  by  Dante  in  his  •*  Tra  isola  fit'  Capri  e  Majolica^**  on  the  ground  that 
^the  older  Tuscan  writers  spell  the  name  of  the  l&land  *'  Majolica."     The  industry 
developed  from  the  13th  to  the  15th  centim-;   from  that  to  the  17th  it  culminated, 
and  then  commence*!  to  decline.  In  the  middle  of  the  i6th  century  Bernard  Palinsy 
introduocd  the  ware  known  as   Palissy-fayence  into  France.    Palissy'a  celebiiited 
Piecea  rtt»tiqms   consist   of  ware    ornamented    with   fish,    fruit,  vegetables,  &c., 
naturally  coloured  in  enamoL     The  bmly  of  porous  fayence  ware  is  earthy,  and 
LclingB  to  the  tongue.     It  is  opaque,  with  more  or  less  plasticity,  and  little  or  no 
Isonorosity.    It  consists  generally  of  plastic  clay,  or  a  mixture  of  this  with  common 
potter's  clay.     It  differs  from  clay  ware  in  the  employment  of  finer  materials,  mani- 
pulated with  greater  care.     Fine  white  fayence  is  distinct  from  common  enamelled 
fiiyence*    Fine  fayence  (semi-porcelain)  consists  of  a  plastic  clay  with  pulverised 
>  quartz  or  fire-bricks,  with  kaolin  or  pegmatite  and  felspar  minerals.     It  itrmaind 
iWhiie  after  burning,  and  is   coated   with   a  transparent  glaze,       Tlie    fayonco 
p%ttre  of  different  countries  differ  greatly ;  some  are  easily  fusible,  others  again  aro 


job  CEEMICAL  TSOEHfOlOGY, 

burnt  to  &  High  temperature.    The  oompodtion  of  the  glaze  is  therefoi-e  very  TorietL-] 
Common  limo  fayence  is  a  mixture  of  potter's  or  plastic  clay,  marl  (clay  with 
carbouate  of  lime),  or  quartos  and  quartz-aaud.     It  ia  characterized  by  containing 
15  to  25  per  cent,  of  lime,  that,  at  the  low  temperature  at  which  common  fayence  iaj 
bumi,  only  loses  a  portion  of  its  carbonic  acid.     Tht?  common  fayence  ware  is  thna 
easily  distinguiahed  from  other  wares  by  its  property  of  efferveecing  when  an  acid  ' 
is  poured  into  a  vessel  made  of  this  ware,     Itii  fracture  is  earthy ;  the  colour,  con- 
soqupnt  ujKjQ  its  containing  3  to  4  percent,  of  oxide  of  iron,  a  decided  yellow,  so  that 
an  opaque  glaze  is  employed*     The  glaze  or  enamel  contains  usually  oxide  of  tin, 
oxide  of  lead,  alkalies,  and  quartz.    The  more  oxide  of  iron  and  lime  containetl  in  the 
mass,  the  lower  the  temperature  required  for  burning.     Fayenee,  like  porcelain,  is 
twice  burnt,  first  without,  and  finally  with,  the  glaze.    It  is  burnt  in  etiggers ;  the 
ware  is  placed  in  the  aaggora,  and  these  are  piled  one  upon  the  other  in  the  furnace, 
with  a  layer  of  fiit  clay  between  each  pair.    The  articles  stand  in  the  saggers  upon 
small  tripods  in  order  to  expose  as  smaU  a  contact  surface  aa  possible.     The  hard-- 
burnt  ware  has  next  to  be  glazed.     A  thin  pulp  with  water  is  made  of  the  material*' 
of  t^  glaze  placed  in  a  cistern  into  which  the  articles  are  dipped.     The  glaze  usually 
consLitB  of  felispar  (Cornish  stone),  fire-clay,  heavy  spar,  sand,  borax,  and  In^racic 
*oid,  oryfital-glass,  soda  and  nitrate  of  soda,  white-lead,  minium,  and  smalt.     Tho 
csompodtion  of  this  glaze  is  ordinarily  very  complicated,  but  the  essential  consti- 
tuentfl  are  silica,  boraeic  acid,  alumina,  oxide  of  lead,  and  alkali,     Becently  ths  I 
Peruvian  mineral,  so-called  (I'za  (borate  of  soda  and  lime},  has  been  employed.  Thai 
addition  of  lead  serves  to  render  the  glaze  easily  fusible,  while  the  felspar  imparti 
the  softness  characteristic  of  a  lead-alkali  glaze. 

**Ti?SBfe'  fayence  ia  omamonted  by—:.  Painting;  2.  Casting;  3.  Printing; 
4,  Lustring.  Painting  is  usually  done  with  the  brush,  partly  under,  and  partly 
upon  the  glaze.  The  glazing  oven  not  attaining  so  high  a  temperature  as  the  porco- 
lain  ovon,  the  colours  are  not  affected  by  the  heat,  Tho  colours  used  are  oxide  of 
chromium,  oxide  of  cobalt,  oxide  of  iron,  oxide  r>f  antimony,  &c.  The  rose- 
purple-red  colours  are  obtained  from  gold  preparations.  The  pink  colour,  ca 
tion  pink,  was  discovered  in  this  country,  and  is  essentially  a  protoxide  of  chro* 
mium*     To  make  this  colour — 

Stannic  acid     , .      .  *  , .      100 

Chalk        34 

Chromate  of  potajeh       ,  .     .  ,  3 — ^4 

Silica         5 

Alumina ,         i 

are  well  mixed  and  allowed  to  stand  for  some  hours  in  a  strong  heat.  The : 
oppoars  as  a  dirty  rose-red  colour,  attaining  its  full  brilliancy  when  washed  witi 
water  acidulated  with  hydrochloric  acid,  Tho  casting  consists  in  the  fayeaco  v^ 
receiving  a  surface  layer  of  coloured  clay  in  any  required  part,  independently  of  the 
colours  of  tho  mass.  These  coloured  clays  or  clay-wa-^hos  are  made  of  the  ordi- 
nary fat  clays  and  metallic  oxides.  Tb<j  jirinting  is  accomplished  with  the  aid  of  a 
thin  tissue  paper,  upon  which  tho  pattern  ia  first  printed  from  a  copper  plate,  and 
afterwards  transferred  ttj  tho  ware.  For  black,  a  mixture  of  forge-ecale,  manga- 
nese, oxide  of  cobalt,  or  chrome -black  is  employed ;  for  blue,  oxido  of  cobalt  mixod 
with,  fur  bright  blue,  fire-brick,  and  for  less  intense  colours,  heovy-s]>ar,  liolh  of 
oottrse  being  pulverised.    This  mixture  is  burnt,  the  fnt  ground,  and  mixed  with  1 
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flax  of  equal  ports  of  flint-glass  and  fire-clay.  Copper  plates,  in  VKich  tho  pattern 
is  deeply  cat,  are  charged  with  colour  mixed  with  linseed-oil  j  a  transfer  is  then 
taken  on  the  fine  *'i>ottory  tissue"  paper,  and  laid  on  tho  ware.  By  mean 9  of  u 
robber  the  colour  is  caused  to  leave  the  paper,  which  has  been  previously  moistened 
With  water,  and  adhere  to  tho  ware.  Tho  paper  is  then  wa^shed  off,  and  the  article 
taken  to  the  kiln. 

Ftoiriaf  onotttt.  Flowing  colours  are  much  employed  in  ornamenting  fayonce.  The 
common  fayence  or  delf  ware  ia  coloured  blue  in  this  manner  by  means  of  prot- 
oxide of  cobalt  mixed  with  the  j^lazo.  When  the  vessels  are  taken  to  the  burning- 
kiln,  a  mixture  of  (hloride  of  wiiciutn,  chloride  of  lead,  and  clay  ia  also  introduced 
on  a  small  plate.  Tho  protoxide  of  cobalt  is  converted  into  a  chloride  by  combin- 
ing with  the  volatilised  materials^  and  in  turn  combines  with  components  of  the 
material  of  tho  ves.^el.  By  this  means  the  articles  obtain  an  apparent  transparency 
somewhat  similar  to  the  oharactenBtic  of  porcelain, 

Laitr«s,  Some  Mads  of  wure  have  a  second  ooatiiig — a  rndtallic  lustre  or  glaze — given 
to  them  after  biimini7.  Gold  Lustre  :  Tho  dltforcnt  kinds  of  yrold  lustre  are  very  mtt^llflr 
and  need  not  be  detuiled.  They  are  eMpntially  composed  of  f  ulmiaQitmgr  gold  and  balsam 
of  solphur,  tho  latter  prepiu^  by  heatino'  linked  oil  and  aalpliur  to|fCther.  Platinum 
liUstre  :  This  is  obtained  by  mixing  anhydroius  cklurido  of  platiuum  with  la  render  oil  or 
balsam  of  iiulphur ;  also  by  the  weU-laiown  precipitation  of  platinum  by  aal-ammouine. 
Silver  Lustre  is  either  a  yellow  lu'ftre  or  a  Ciiutharidino  lustre,  ao-caUed  from  its  simi* 
Urity  in  appearance  to  the  wing-ease  of  the  Spanish  fly  {VrnHharia  vetitatona).  Salvctat 
believes  that  chloride  of  silver  miy  bo  employed  a«  a  vellow  lustre,  similarly  to  gold 
preparations.  Tho  cantharidint*  lustre  is  gtmerally  a  yelk>iv  luatret  the  dilfcreuce  l>ein^ 
that  it  ia  only  used  for  white  j^rounrl^,  wliilo  the  former  ia  employed  for  blue  grounds,  on 
which  it  appears  wlii^htlj^  tiu^^d  with  gT*x.'n.  Capper  Lustre  is  both  red  and  yeUow;  it  is 
tiled  for  Spani!*h  faytuce  aud  Mfijmlieji  warc^  It  im  chiefly  formed  by  a  »Uieate  of  copper. 
Oxide  of  lead,  or  lead-lustre,  is  merely  a  lead-gl&xe.  Chloride  of  silver  mixed  with  lead- 
lufttro  is  reduced,  the  result  bj-ing  a  deposit  of  a  gold-yellow  or  a  silver- white  colour  aeeord- 
iii|p  to  the  proportion  of  ailver, 

amiMftft  Vud.  The  niAes  of  the  old  Komans  were  a  kind  of  fayence  ware,  oontiunuig 
iron,  and  formed  of  a  clay  decomposed  by  quartz,  only  slightly  burnt,  sometimes  unglazed, 
sometimes  coated  with  an  easily  fu'riblo  glaze.  These  vases  and  articles  are  celebrated 
more  for  their  beauty  of  fonn  than  for  any  peculiarity  in  oompositirm,  which  is  very 
analogoiis  to  the  well-known  delf-ware  of  which  our  table  services  are  made. 

cuypip«i.  In  the  manufaoture  of  olay  pipes  thero  ia  employed  the  beautifully  white 
pipe-clay,,  contftini»g  neither  iron,  sand,  nor  carbonatti  of  lim',*,  Th'?  clay,  if  pure, 
iilways  burns  whit^;  but  (wea-tionaQy,  when  a  yellow  colour  appearw,  the  clay  ih  buni€?d 
for  a  longer  time,  whereby  tho  oxide  of  iron  colouring  the  clay  is  refnoved,  The  pipee 
nn>  formed  in  a  mould  siroilar  in  shape  to  the  pipe.  A  roll  of  clay  is  taken,  and  core* 
faUy  spread  out  to  the  len^h  of  the  pipe.  The  mould  is  constructed  in  two  halves, 
lunged  togetlier  like  a  mtpcrschaum  pipf'-cuHc,  and  is  generally  of  iron.  Tho  roll  of  clay 
is  ^aeed  on  tho  lower  half  of  the  mould,  and  tho  other  half  is  theu  piti^sod  or  screwed 
down.  A  wire  is  then  pushed  up  the  ©utiro  length  of  the  stem.  The  pipe  is  then  taken 
oat  of  tho  mould,  and  set  aside  to  dry.  It  is  aftt^rwards  taken  to  the  oven,  where  about 
a  gros$  of  pipes  are  iutroflucod  into  each  ftftgger.  The  saggers  are  long  clay  ttibes. 
Sometimes  the  pipi?s  are  burnt  without  saggers.  To  prevent  the  pipe  adhermg  to  the  lips 
on  account  of  th^  poroaity  of  the  clay,  the  end  put  to  the  mouth  is  rubbed  with  a  mixtofe 
of  soap,  wax,  and  llmo>water. 

WM«rOe>oJcr»,  The  Spanish  water-cooling  vessels,  or  almrrnias,  are  made  of  a  porous, 
onglazod  earthenware.  Tho  constant  ovapomtion  of  the  water  exuding  to  the  outer 
•urlaoe  of  the  vessel  causes  tho  water  to  be  kept  oool  in  the  hottest  climates.  The  vessels 
oroonly  slightly  burnt-  According  to  Sallior,  water  can  be  cowled  iS"*  in  an  alcarraza, 
while  Sfevpes  ware  only  permits  of  tho  cooling  of  its  contents  in  a  similar  manner  some 
2*  or  3'.  These  vessels  are  known  iu  Francei  as  hiHircct-ramm,  \n  thiei  country  Egyptian 
wine-  and  butter-cooler**  are  very  common,  while  in  Egypt,  Spain,  Turkey,  the  Indies,  .vud 
Americtis,  they  arc  really  ncoes-naries.  In  Bengal  theiie  coolcra  are  niado  from  tho  mud  of 
the  G.iage^i.  In  the  Lc^'ant  they  are  termed  bnldaq$te» ;  in  Syria  and  Egypt  tttUitM  or 
yt»*»tr^,  while  in  many  places  they  are  also  known  as, i74ir^H^/^«, 
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V.  Common  Pottery. 
(Xrainvon  F.nutf .  To  distiagaish  between  tlie  diirereiit  kinds  of  this  ware  is  extremely 
ditBcult.  The  maniifacttiro  Is  ontirely  distinct  from  th*}  preceding.  Fur  the  so- 
ctiliijd  whita  pottery,  used  for  culinary  pnrposea,  ordinary  potter's  clsij*  is  employed, 
uud  for  browu-waio  a  modenitely  refractory  cluy.  TLe  natural  clays  are,  as  a  rule» 
too  fut  to  be  used  without  the  addition  of  some  other  material,  generally  sand ; 
besides  sand,  fire-brick,  chalk,  charmotte,  and  anthracito  coal-ash.  The  veseelaj 
are  formed  ujion  a  potter's  wheel,  air  dried,  and  then  glazed.  The  emplo}Tnent 
II  lead-glaze  woa  but  a  short  time  ago  unknown  in  the  glazing  of  this  kind  of  ware, " 
Ordinaiily  the  mass  is  white  or  yellow,  sometimea  brown- red  ;  the  glaze  being 
Imnsparent,  the  colour  of  the  body  or  mass  ia  alwaVs  apparent.  Partly  boc^m 
the  ware  ia  Tory  easily  fnaiblo,  and  partly  because  a  low  heat  is  tLsed  in  the  bum^ 
ing,  the  glaze  must  also  bo  very  easily  f alible.  For  this  reason  a  lead -glaze,  for 
an  aluminium  aud  load  gliias  is  very  applicable,  and  is  employed  mixed  with  loam 
(day  and  sand).  The  materials  are  ground  and  very  intimately  mixed  in  a  hand- 
miH,  The  lead  used  is  genemlly  a  lead-glance.  iJuriog  the  burning  the  lead^ 
glance  is  roasted,  and  the  sulphur  is  driven  off  as  sulphurous  acid*  The  oxide  < 
lead  combines  ^dth  the  silica  and  alumina  of  the  loam^  or  mixture  of  sand  and 
clay,  to  form  aluminium  lead  and  silicate. 

The  glazing  of  the  aiT'dricMi  ware  can  be  performed  in  three  ways ;  either  by  imme 
by  BprinMing,  or  by  dusting.  By  immersion  the  workman's  hands  come  into  conti 
with  the  lead-coiitaininjjr  glaze,  with  detriment  both  to  his  health  and  the  adhering  of  the 
gluzci  if  his  hond^  should  be  greasy.  Thi«  method  ia  not  therefore  often  employed. 
Sprmkling  bt  jyreiierally  adopted.  In  diiatiiiif ,  the  ware  in  first  immeraed  in  a  pulp  of  fat  clay^ 
and  then,  while  Mtill  damp,  dusted  i^'ith  tho  finely  pnlverisod  glazo.  The  danger  of  lhj« 
processi  lA  the  iiihaliujr  of  the  fine  partiole?i  of  glaze  floating  in  the  air  of  the  workrootg^, 
\VTien  the  oxide  of  lead  is  pro]:»crly  projKirtioned  to  the  flihca  of  the  clay  or  loftm,  th( 
rcimlting  le!id-^liiH*i  im  not  afl'ected  by  ordinary  orgnnic  acids.  But  if  the  oxide  of  lead  f 
not  well  *>ombinod  with  the  silica,  it  will  be  dis4k)lviNl  by  boiling  vinegar.  The  oxperiminkl 
of  Baehn^r,  A,  Vojfcl,  Erlenmeyer,  and  others,  have  shown  that  the  insolnbili^  Of£  '  " 
glaze  is  not  so  grcut  as  has  been  supper  i,  very  dilute;  vinegar  in  some  eases  being 
c-ient  to  effect  u  evolution.  The  use  of  ve^els  thus  glazed  may  thereforo  have  no  lit 
influence  upon  tho  health  of  a  family^  and  it  becomes  necessary  to  consider  il  there  U 
some  (subtititute.  All  injury  likely  to  aceruo  from  the  use  of  this  glazo  would  be  remo 
if  the  potter  would  but  re- bum  imperfect  ware,  or  employ  ovonsj  of  the  best  oonstmotlo&f 
but  this  is  not  always  the  e4t4iie,  Kecently  tho  preparation  of  a  glaze  free  from  load  hjie 
been  attempted,  by  employing  water-glasf*.  or  a  nilxture  therenith  of  borate  of  litne> 

iiominf.       The  glazed  vessels  are  next  talcf  n  to  the  oven.     This  is  generally  a  revcrbenM^ 
tory  furnace^  2\  to  z}  metres  in  height,  and  7  to  lo  metre*  in  length.     At  one  end  is  tl 
flre-grate,  and  nt  the  other  the  chimney*     The  vessel  arc  burnt  i^'ithout  ^aggen*.  and  ai 
nzpo^ed  to  the  full  Influence  of  tho  flame.     The  fire  is  at  first  ke|*t  low  for  eleven  to  twel 
hoanif  and  then  maintained  strongly  for  four  to  five  hours,     Tho  vessw-ls  can  bo 
from  the  oven  about  eightcon  to  twenty-four  hours  after  heing  burnt. 

Yl.   BeICK-  AXD  TlLE-^f.VK13'0»  &c. 

ihrieiu.  ThiB  mantifaoture  may  bo  said  to  include  brick-making,  tile-makings  and 
the  manufUcturo  of  terra-cotta  goods,  and  must  not  be  ecinfoundod  with  the  ancient 
Egyi)tian  method  of  making  air-dried  bnckg,  still  punjuod  iV*r  some  minor  put^Kises. 
In  ordor  to  tho  bottor  comprohonsion  of  tho  niothoihs  of  briek-making,  wo  will  first 
consider  thi*  prepar.ition  of  tho  material,  Tliis  may  b*>  divided  into^ 
The  preparation  of  the  clays ; 
The  moulding  of  the  brick  ; 
«,  By  hand. 
j9.  By  maehiner\- ; 
The  bunting  of  tho  dried  biiok* 
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tfrra-o^tu       'J!h^  term  terra -cotta  ware  generally  mcludes  the  burnt,  nnglazed 

jrellow  or  red  clay  ware?,  and  also  tilcB,  employed  in  building'  and  arcMtectural 

fcomamentatioii.    TKe  preparation  of  this  waro  is  almost  entirely  mechanical,  and 

Idoee  not  call  for  any  further  elucidation  in  this  work  than  will  bo  found  in  the 

|loIlowiug>  pages  descriptive  of  the  class  of  mannfactur©  to  which  it  belongs. 

BrtckH(it«iiAU  Yaririuft  days  are  used  in  brick-making.  Usually  tho^  only  are 
y«elQcted  that  will  form  a  brick  capable  of  bearing  a  considerable  strain.  In  the 
huming  a  test-brick  is  employed,  which  is  removed  from  time  to  time  to  soe  the 
progress  of  the  lire,  to  prevent  the  over-buramg  of  the  bricks,  or  tho  lowering  of  the 
fire  till  the  bricks  are  sufficiently  burnt ;  but  this  brick  mtast  not  be  confounded 
with  another  test-brick  for  the  following  purpose.  A  brick  is  made  of  any  new  clay 
to  be  tested,  and  is  set  apart  in  an  active  kiln,  being  burnt  at  the  same  temperature 
as  the  bricks  of  this  kiln  afterwards  sent  into  tho  trade.  By  the  qualities  of  this 
test- brick  the  nature  and  worth  of  the  new  clay  is  judged.  A  batch  of  bricks  shoald 
bo  composed  of  clays  thut  mny  all  be  burnt  at  the  sumo  temperature,  else  very 
unequal  reaulta  will  follow ;  some  bricks  will  be  under-burnt  and  somo  ovor-bumt, 
while  only  those  bricks  to  the  clay  of  which  the  temperature  is  adapted  will  be  of  use 
uommorcially,  A  brick -clay  containing  much  curbonato  of  lime  can  bo  burnt  at  a 
very  low  temporature,  and  indeed  bricks  ao  composed  are  vei^y  solid,  and  have  gi*e4it 
durability.  Brick-clays  often  contain  felspar,  mica,  hydrate  of  oxide  of  iron,  phos- 
phate of  iron,  besides  organic  matter.  When  theso  are  not  in  largo  quantities  their 
presence  is  not  detrimental.  Mica  and  felspar  with  oxide  of  iron  act  as  fluxes,  and 
in  known  quantities  are  useful  mthcr  than  pernicious.  Flint  stones,  large  pieces  of 
carbonate  of  lime  and  gypsum  interfere  with  tho  easy  appUcabilitj'  of  brick-clays* 
Sulphur  pyrites  render  clays  iin suited  to  the  manufacture  of  bricks,  as  the  sulphuret 
of  iron  remaining  in  the  brick  after  burning  oxidises  in  the  air  to  sulphate,  which  in 
.  II  short  time  weathers  out  and  renders  the  brick  brittle.  In  the  Netherlands,  in  the 
'  Thames  near  London,  on  the  banks  of  the  Ganges  and  Nile,  la  the  mouths  of  rivers, 
and  in  nearly  all  clays  exposed  to  the  ebb  and  flow  of  water,  is  found  an  admirable 
material  for  brick-making.  Since  185^  a  mixture  of  lime,  river  sand^  and  water  luuB 
been  extensively  used  as  a  brick  material,  and  for  other  building  purposes. 

prviwntian  of  the  ctaji.  Th©  oxcavatiug  of  tho  clay  for  making  bricks  is  carried  on  in  the 
pttimner  or  «prijig.  The  clay  is  placed  in  not  too  kii^h  a  luyer,  and  aUowctl  to  weather. 
It  is  very  advantageous  if,  during  tlio  wDathcrijifr*  a  frost  eetj*  in.  Thu  clay  is  allowed  to 
renuiia  thus  exposed  to  atmospheric  influence  until  it  becomea  boggy  or  niarshy.  In  this 
condition  it  is  brought  to  a  tank  dug  in  the  j^jound,  4  metres  long,  2  metres  broad, 
'  and  1*3  ractrca  in  depth,  where  it  is  mixed  mth  about  as  much  water  as  will  stand  to  a 
heijfht  of  6  centimetreii  in  the  tank.  So  Roon  as  tlie  clay  is  thoroughly  jsaturati^il  it  U 
tre^cd,  that  is,  the  brick-nialcpr  fastens  boards  or  wooden  «ho«s  to  bis  feet,  and  care- 
fully treads  over  tlie  elay»  picking  out  all  the  flints,  &c.,  which  rtssist  the  passage  of  hi* 
foot  to  the  bottom  of  the  layer.  This  prooesa  ia  repeated  two  or  three  times,  Sand  is 
then  added  t^  tlio  clay.  If  tho  clay  is  fat  the  mixture  is  proceeded  with ;  but  if  it  i»  h 
poor  elay  it  i»  adrantageous  to  waHh  out  a  portion  of  the  wand,  Tlua  may  be  effected  in 
two  waya.  The  ground-tank  Just  deBcril>ed  may  be  inundated  with  water,  and  the  Rand 
aUowed  to  settle  to  the  bottom ;  or  the  mixed  gjind  nmd  elay  ia  plaeed  in  a  hirge  wooden 
tub  with  a  hole  in  the  side  near  the  bottom  stopped  with  a  plug.  IfVhen  the  water  hu..* 
thoroughly  impregnated  the  clay  it  ifl  let  oflF,  carrying  part  of  the  sand  with  it.  Or  tho  clay 
is  itirrod  with  the  water  to  a  thin  pulp,  and  allowed  to  run  onfc  of  the  wooden  cistern 
into  a  ground  tank,  where,  with  tho  water,  the  sand  settles  to  the  bottom.  London  clay, 
being  mostly  allayial,  has  to  be  yery  carefully  treated  to  free  it  from  flint  stonea,  &c. : 
it  is  afterwards  mixed  with  a.«h  or  sand, 

Tho  ** treading"  of  the  elay  ia  at  the  present  time  performed  in  milk,  termed  "pug*' 
mille  and  **  washern/*     At  the  late  IntematioDal  Exhibition  (iSyj)  seveml  mftebinew  were 
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exhibitod  for  performmg  the  whole  process  of  briclc-maHug^  contintioiiHly.  Among-  tliesA 
was  the  three-proceas  brick-nutking  machine  of  Hessra.  Claj^on,  Sou,  and  Howlcfet,  of 
tho  AtlftJii  Works,  aud  combining  at  one  operation  cm^hing-f  pajSTging)  iind  brick-makmg'p 
Tho  rougrh  claj  is  thrown  into  the  hopper  of  the  mAcbiiae ;  in  tliis  hopper  revolyei  & 
shaft,  upon  which  are  kejed  Be?eral  smciH  knivea  to  cut  up  tiic  clay  prcrioajBly  to  its 
t»eing  cruahed-  It  next  passes  throngh  ii  pjtr  of  crushing^  rollersi  and  these  effectuallj 
leduoe  any  gtonca  or  hard  lumps  of  clay  which  may  enter,  Tlie  clay,  thuJi  partiiilly 
ppcfpored,  next  passes  into  a  horLzontal  pugging  or  mixing  eylinder  situated  beneath, 
where  it  is  mix<^  by  the  pug-knives  fixed  upon  the  central  elinft.  The  knives  force  tlie  clav 
towards  the  further  end  of  the  cylind(?r^  where  it  is  received  by  rollers  and  forced  tlirotiga 
tlie  dit^,  forming  a  smooth  bur  of  clay  of  tho  width  and  depth  of  a  brick  This  bar  h 
cut  into  the  required  Icngtlis  by  wirm.  The  machine  is  capable  of  producing  20,ocx}  to 
30,000  bricks  per  diem,  and  U,  perhaps,  the  best  of  its  class.  Mr.  Bawden  has  constructed 
a  mnchine  in  which  no  rcjllers  or  crushers  are  employed,  the  clay  being  turned  out  aa 
'wet  and  as  soft  asinhand-raoulding.  One  horse  will  pug  the  clay  and  mould  from  121,000  to 
I5,OCX>  bricks  per  day.  It  eonnbts  <if  a  scjuare  pug-mill^  through  which  runs  a  vertical  shaft 
bearing  pug-knives.  On  the  top  of  this  »h?ift,  alxive  its  bearing,  is  attached  the  horse-pole, 
which  gives  motion  to  the  whole  machine.  Upon  the  lower  end  of  the  shaft,  tdiich 
passes  through  the  bottom  of  the  pug*mill,  ia  a  wheel  having  two  eanw,  on  winch  two 
rocking  arms  work.  Ooe  arm  presses  the  soft  clay  through  a  grating  into  a  six-brick 
sanded  mould,  and  the  other  arm  ia  connected  to  a  slide  fur  pui«hing  the  empty  sanded 
moulds  under  the  grate,  the  empty  mould  at  the  samf*  time  pusliing  the  full  one  out- 
Among  the  best  Continental  machines  are  those  of  llenschcl  of  Casael,  and  of  £[arrenfi, 

Mottijini?  tue  Bruit,     THo  moulding  of  the  biick  by  hiind  ia  a  very  simplo  matter.     A 
mould  of  wood  or  cast-iron  sufficiently  largo  to  allow  for  tho  shrinkage  of  the 
material  during  burning  is  usually  employed.    Fig.  156  shows  tho  plan  (b),  and  th® 
section  (a),  of  the  mould.      Sometimes  it  is  made  bo  that  two  brieks  can  hm  1 
moulded  at  the  same  time,  Fig.  157.    The  moulder  takes  a  ball  of  clay  and  places  it  ] 
in  a  sand-strcwTi  mould,  proeaing  it  well  in.     Then  with  the  striker,  a,  Fig.  158,  j 
KeremoTea  tlie  sriporfluous  clay.     The  mould  is  then  emptied,  and  tho  brick  placed  1 
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by  a  child  oa  a  barrow,  to  be  taken  to  some  other  jjart  of  tho  brick -field,  to  bo  sun- 
and  air-dried.  Tho  air-dried  bricks  are  then  taken  to  a  kiln  to  bo  burnt.  In  many 
cases  tho  bricks  are  dried  by  artificial  heat  in  sheds,  the  flooi-s  of  which  aro  heated 
by  fires.  A  gang  of  labourers,  numbering  five  to  ten  persons,  can  at  the  maximum  j 
p^odace  only  1000  bricks  per  daj'* 

Brick  itMiMUiibfitachiDcrr.  Tho  mouldiog  of  bricks  by  machinery  is  daily  becoming ' 
more  generaL  A  moulder,  no  matter  how  experienced,  has  never  hQ*m  'known  to  pro- 
duce more  than  6000  bricks  in  a  day,  and  a  continuity  of  this  hibour  would  b*^  most 
improbable.  Whcro  there  is  a  large  demand,  it  becomes  necessary  to  producol 
30,000  bricks  per  day  regularly,  and  Uiis  can  be  done  by  machinery,  without 
employing  a  largo  number  of  hanihii.  Further,  the  coni^uniption  of  fuel  in  the 
inachtno  can  at  once  bo  stopped,  or  regulated  to  meet  the  demand,  wliilo  a  large 
number  of  workpeople  cannot  always  be  dealt  with  t'o  satislUrtorily  to  the  well- 
meaning  employer.  But  the  machine  engropses  a  large  capital  that  ia  not  ulways  to 
m  iuTcsted,  whereas  a  number  of  hand.4  may  be  paid  from  the  reKiUt  of  their  labour, 
if  the  demand  is  good.  It  therefore  does  not  always  happen  that  machinery  can 
compete  with  hand  labour  in  this  particular,  as  there  are,  in  this  trade  espedftUy, 
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many  makers  who  pay  as  they  receive,  sending  out  the  bricks  as  uoca  aa 
are  burnt,    Tho  machines  constructed  may  bo  classed  as  follows  :— 

1.  Those  in  which  tho  brick  ia  mouliled  or  Enished  aa  by  hand, 

2.  Tho  machines  in  which  the  moulding  procecdi*  uninterruptedly. 

3.  ThoBO  in  which  tho  brick  is  cut  out  of  a  cako  of  clay, 

4.  Thoso  in  which  a  band  or  stream  of  clay  of  tho  length  and  breadth  of  the 

brick  is  cut  by  means  of  knives  or  vnxm  to  the  requisite  depth. 
I.  Tho  machines  of  the  first  class,  imitating  tho  motion  of  the  moulder's  hands, 
ore  constructed  of  an  iron  mould,  with  machinery  or  arms  having  a  to-and-fro 
motion,  somewhat  siiailar  to  a  shuttle  in  a  loom.  Such  a  machine  is  that  of  Cnrville 
of  Issy,  near  Paris  (Fig.  159).  The  brick  material  flows  horn,  the  pug-mill,  A,  under 
the  press  roller,  b,  which  is  suppU*^  with  water  from  the  reserroir,  c,  to  prevent  tho 
clay  adhering.    Sand  is  next  spread  over  the  clay  fkx)m  D.    The  clay  now  airiTea 

Fjo,  159. 
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under  the  pressing  apparatus  worked  by  tho  arm,  F»  and  counterpoise,  g.  The  brieku 
then  pass  away  on  tho  endless  band  of  mouldn,  i,  to  which  motion  is  imparted  by 
imeans  of  the  revolving  anna,  J  J.  The  bricks  in  the  passngo  of  the  moulds  over 
these  arms  are  shut  out,  the  chain  of  moulds  passing  through  the  tank  of  water,  ^'', 
and  thus  being  cleansed,   M  is  a  box  to  receive  the  wust<)  clay,  which  is  taken  to  tlio 
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pug-mill.  Fig.  160  is  an  enlarged  view  of  the  chain  of  moulds ;  H  H  being  tho  plan^ 
and  tho  lower  figure  the  side  view. 

II,  The  second  class  of  machineB  oro  very  similar  to  the  foregoing.    Instead 
9f  the  pressing  apparatus,  a  roller  is  substituted,  wbit)i  presses  tho  clay  into  the 


314 


CHEMICAL   TECHKOIOGT. 


moulds  as  ih^j  pass  under  it.  The  moulds  souietiinos  forai  tlio  periphery  of  a  largo 
circle  in  tbo  horizontal  piano,  as  by  tlii?  means  the  operation  can  ho  going  on  under 
several  rollei-s  at  the  saino  time. 

TIL  The  machines  of  the  third  class  differ  from  the  preceding  in  that  the  mould 
descendi?  upon  a  cake  of  clay  of  the  ro<]uired  thickness.  This  kind  of  machine 
is  generally  used  in  the  munufactnro  of  ornamental  bricks,  as  by  substituting  other 
moulds  any  desired  pattern  may  bo  produced.  / 

rV.  The  machines  «>f  the  fourth  flasks,  in  which  a  band  nf  clay  is  divided  in  cross 
section,  may  be  best  considered  under  two  subdivisions,  the  one  containing  those 
machines  in  which  the  clay  is  forced  tbrongh  an  opening  of  the  proper  sixe,  the  other 
those  in  which  the  clay  is  pressed  by  rollers  into  a  band  of  the  2V']uired  dimensions. 
The  separation  is  effected  either  by  a  knife  or  by  cutting  wind's.  Jjy  a  method  simihir 
to  the  fii-st  process,  drain  pipes  are  manufactured.  The  machino  of  Terrasson- 
i'oiigiJres  is  a  very  fair  example  of  tho  older  system  of  i-oUing  the  clay.  An  endless 
bond,  »,  conveys  tho  clay  under  the  proes-roUer,  A»  Fig.  i6i,  the  motion  being> 
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continued  by  the  roUers^iD,  and  tho  clay  kept  to  the  required  breadth  by  the  guides* 
c.  Fig.  162  shows  the  cutting  apparatus  mount«?d  on  a  strong  timber  framework,  O, 
and  also  on  wheels  for  tho  removal  to  any  part  of  the  shed  or  field.  It  will  bo 
readily  stvu  iK>m  tho  woodcut  how  the  copper  or  iron  wires  kopt  taut  by  the  weight, 
F,  sever  tho  band  of  clay* 

Fig,  162. 
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i^ftl|iI>rto4CiftT<       Preaaed  bricks   rh^    tirn  ks   j^resatd  from  dried  clny  in  which 

.,.UMI  ttoistare  of  the  clay  ia  all  that  w  emplovt.d  tt>  n.'uder  the  brick  coherent.     ^^ 

I  liressttre  timirt,  tfeerofore,  be  oonwdoraVily  more  than  tlmt  iumhI  in  the  making  of  moifl^ 

]  clay  into  bricks ;  hut  proiMed  bricks  are  much  more  solid  and  firm  than  moij?t  tiny  bricka, 

a  MnalJrr  number  making  a  more  secure  wall.      Oi^e  of   the  most  general  Tnadiiaes 

for  jmikiug  Um  kind  of  bnok  la  that  of  Kaamyth  and  Minton^  in  which  »  pocuUar  form  of 
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icceittrio  »f*ts  the  moulds  in  notion.  Tho  ftame  movement  of  th©  primary  aids  pnU 
TteriseB  the  claj^,  nnd  caiisce  it  to  he  foroibly  compressed  into  the  moiald.  With  tluj* 
machine  and  with  that  of  Julienne,  who  hus  rc>ccntly  made  some  improrements,  4000 
hrirkfl  can  be  made  daily  witli  the  liilwur  of  a  nwin  and  boy, 

Th«  Burainff  ofthcnfieiit  Thfi  bumiDg  of  the  air-dried  bricks  or  tiles  is  can-iod  oB  in 
ovens  or  in  kilna.  The  ovens  aro  citlior  open  ovoiiJS,  similar  to  a  blast  famace, 
or  vaiilt<?d,  or  ovona  in  which  tho  burning  is  continuous.    Tlio  fuol  is  partly  wood, 
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pwtly  turf,  brown  coal,  und  anthracite  or  stoue-coal.  l"'rom  Uio  raony  forms  of 
brick-kilns  and  ovens,  ths  following  aro  selected  oa  best  conveyinga  clear  idea  of  tho 
process.     Fig.  163  is  a  stage-oven,  fuelled   with  wood,  niul   consiatiug  of  three 
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chambers  lying  one  above  tho  other,  a,  b,  and  €,  These  floors  ran  bn  boated  in  rota- 
tion, Tho  furnace  D,  fed  through  tho  door,  F,  gives  a  great  length  of  ilame,  which 
passes  through  the  pierced  wall,  i,  into  tho  chamber.  A,  and  thence  tiirough  tho 
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ionuioei  H,  Ibd  ttiroug:h  tho  do^r,  o.  The  flame  from  this  hearth  passes  to  the  upper 
chamber,  C,  peasmg  through  j  and  the  pierced  wall,  K,  and  oYeatually  hy  l  to  tJio 
chimney,  N.  Fig.  164  is  anntJier  section  of  this  fumac«u  Fig.  165  is  a  plan  of  the 
middle  stage.  This  kind  of  oven  effects  a  considerable  saving  in  fuel^  as  bricks  can  be 
burnt  in  all  the  sttig^^s.  One  of  the  most  economical  ovens  huming  wood  fuel  is  shown 
in  section  in  Fig.  166,  and  in  plan  in  Fig.  167.   There  ar^  three  fire-places,  of  which  l* 
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is  the  middle  one.  Tho  fire-place  has  no  grating,  hut  is  vaulted  in  by  a  series  of  iron 
bars,  oao^  through  the  interstices  of  which  the  flame  passes  into  th©  chamber,  D  B, 
open  at  the  top.  The  bricks  to  bo  burnt  are  placed  npon  the  bars  000  transversely, 
»f»aces  being  left  for  tho  passage  of  the  fiame  and  hot  gases,  It  will  be  seen  that  this 
method  of  burning  is  much  more  expensive  than  the  foregoing,  owing  to  the 
amount  of  boat  wusted ;  while  wood  as  a  fuol  is  naturally  more  exjiensive  than 
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stone-coal,  to  produce  the  same  amount  of  heat.  With  tho  foiTn  of  oven  dosignod  by 
Carville»  and  shown  in  Figs.  168  and  i6g,  80,000  bricks  can  bo  burnt  with  160  hecto- 
litres  of  stono-coal.  Thus,  as  i  hectolitre  of  stone-coal  weighs  So  kilos. »  and 
as  100  kilos,  of  coal  cost  3  fi'ancy  \%  cent*.,  the  burning  of  the  80,000  bricks  can  b4S 
efibcted  at  a  oost  of  400  francs  (£16).  Stone-coal  may  be  burnt  in  the  oven  shown 
in  Fig.  170.  The  capacity  of  this  OTeuis  limited  only  by  the  enclosing  walls,  B  B.  of 
thick  masonry.    The  bricks  to  bo  burnt  are  placed  upon  tho  solo  of  the  oven,  c» 
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which  is  constructed  to  admit  of  tho  frco  circulation  of  the  products  of  combustion. 
Fig.  171  shows  the  method  of  placing  the  bricks  in  the  oven ;  and  Fig.  172,  a  plan, 
the  two  hearths,  D  D. 


Fio.  170. 
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Many  experiments  have  been  made  with  the  view  of  combining  tho  burning  ol 
lime  with  the  burning  or  baking  of  the  bricks.  Figs:  173  and  174  show  an  oven 
built  for  this  purpose.  The  solo  of  the  chamber,  A,  is  covered  with  limestone,  which 
is  burnt  equally  with  the  bricks  placed  above  it.  The  draught  is  regulated  by 
the  dampers  in  the  chimney,  B,  and  by  the  openings,  c.  The  six  fire-rooms  are  sepa- 
rated from  each  other  by  the  blocks  of  strong  masonry,  D  and  o.  The  fuel  is  placed 
in  the  furnace,  E,  under  which  is  the  ash-pit,  F. 
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Aaaviar  kiim.  The  circular  or  annular  kilns  of  Hoffmann  andLicht,  are  much  used. 
These  ovens  are  in  plan  in  the  form  of  a  ring,  capped  by  a  chimney.  In  each  oven 
there  are  a  number  of  chambers  in  which  tho  bricks  are  stacked.  One  of  these 
chambers  is  filled  with  what  are  termed  green  bricks,  that  is  bricks  fresh  from  the 
field.  The  fire  being  applied,  the  steam  passes  off  to  the  chimney.  The  second 
chamber  is  then  filled  with  bricks ;  and  when  the  steam  has  passed  off  from  the  firs;' 
chamber,  the  products  of  combustion  there  are  admitted  to  the  second  chambe. 
through  fines  in  the  partition  wall.  This  process  is  repeated  with  each  chamber  in 
succession.  As  soon  as  the  bricks  are  burnt  the  door  and  flues  of  the  chamber  arc 
opened  to  admit  the  cold  air ;  when  cold  the  bricks  are  removed,  and  green  ones 
supplied  in  their  place.  It  is  clear  that  by  this  means  there  need  be  no  interruption 
in  the  burning ;  and  also  that — 
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a.  As  tho  doors  and  flues  are  opc^nod  in  the  cHamber  ia  widch  the  bricks  have 

been  finally  bm-nt,  tho  air  entering  is  highij'  heated. 

b,  Tho  ettVet  being  t<i  augment  the  heat  of  the  next  chamber  ;  -wlulo 

f,  Thid  heat  can  be  so  proportioned  out  tu  iho  unburut  bricks  as  to  render  only 
a  very  short  actual  firing  necessary. 

The  saving  of  fuel  by  the  use  of  those  kilns  must  he  evident.  Also  frt»m  tho  con- 
tinuity of  tho  firing",  which  in  practice  is  never  allowed  to  go  out,  llie  ovena  or 
chambers  never  get  perfectly  coldi  and  are  consequently  soon  re-heated. 

riewflnniiiir  In  ctmtraiit  to  tho  permanent  kiln  ia  the  field-kiln,  in  which  bricks  or 
tiles  are  burnt  at  the  same  place  that  building  is  going  on,  or  where  a  sufficiency  of 
brick-clay  is  likely  to  yield  u  good  return.  Bricks  burnt  in  those  temporary  kilns 
ni^tenm&d  JiM-bricks.  Tho  fuel  employed  is  either  turf,  wood,  or  stone-coal.  When 
turf  or  wood  is  used,  the  bricks  are  stacked  similarly  to  the  method  employed  in 
ovenB  in  which  thee©  fuels  ore  the  firing  materials,  Flues  are  constructed  in  these 
kibas  of  the  bricks  themselves  set  in  a  thin  layer  of  lime ;  while  the  wind-side  of  the 
gitack  is  coveroii  with  hui^es  thatched  with  straw,  50,000  bricks  can  thus  bo  hurra t 
at  ono  fixing.  The  flames  and  hot  gases  find  their  way  hither  and  thither  in  the 
stack,  and  finally  cscApo  at  the  top.  By  tho  time  that  the  outer  bricks  are  hot,  tho 
interior  of  the  stack  or  kiln  has  reached  a  very  high  temperature.  When  coal  ia 
employed  the  bricks  are  l^iid  alternately  witli  a  layer  of  coal,  a  layer  of  lime  aerying 
as  an  outside  cover,  in  which  draught  holes  are  made  to  regulate  tho  burning. 
^Vhen  the  kiln  is  built  tho  firing  is  commenced,  and  gradually  extends  to  tho 
several  layers  of  coal  until  all  id  burnt.  The  kiln,  consequently  upon  the  con- 
sumption of  the  coal,  fiills  or  sinks  together,  a  matter  of  no  im£K)rtance. 

ihiich  cJinktn.      HoUandbri,  or  Dukrh  clinkers,  are  a  tctt  hard,  semi-glazod  brick,  of 
green  or  dark  brown  colour,  und  possesBlng  the  property  of  not  absorbing  water. 

aodflnyMKiLftttthTiiM.     FoT  the  mnnufiicture  of  tilea  a  better  and  more  carefuUy 
clay  than  that  for  ordinarj'  bricks  ia  employed.      Wliilo  ** treading**    ia    much   used 
in  the  making  of  brickB,  a  mill  is  always  connidered  necessary  for  tilea.     As  a  rule  they 
ar^  burnt  at  the  same  time  us  bricks;  the  upper  part  of  the  oven  being  eofficiently  heatcv' 
for  the  purpOK*,  owing  to  their  thinness.    When  it  is  desired  that  the  tile«  should  be  of  I 
grey  colour,  there  is  added  to  the  fire,  while  the  tiles  axe  at  a  rtd  beat,  a  quantity  of  leav 
and  damp  twiga.     By  this  means  large  volumes  of  amokc  arc  disengaged,  and  past  mti 
the  interior  of  tho  Mm,  where  the  pores  of  the  tiloa  absorb  the  carbon^  which  imparts    ' 
grey  colour  remaining  on  cooling.     Similarly  the  dark  green  colour  results  from 
reduction  oi  the  peroxide  of  iron  to  black  oxide  and  protoxide.    Flat  tiles  are  mostly  n 
for  paying  purposes.    Roofing  tUes  are  made  in  many  shapes ;  some  with  a  no4e  or  pro-' 
jeettng  piece,  with  a  hole  through  which  a  nail  passes  to  fasten  the  tile  to  the  miters ; 
others  without  this  protection^  and  with  a  couple  of  holes  simply.    Ridge  tiles  form  th«^ 
capping  of  pointed  roofs  and  dormer  windowUi  4'c. 

nrBiKUkdOaticrTiici.  The  use  of  hollow  tiles  and  brii^ks  dates  from  a  v^y  remoti  _ 
period.  Vaulting  tiles  are  no  more  than  hollow  bricks  or  tiles,  employed  to  reduce  the 
weight  of  upper  parts  of  large  arches  or  masses  of  brickwork;  they  are  21  to  24  oenti 
metres  in  heiglit,  aud  9  to  13  ccntimetreB  in  diameter,  with  tho  middle  hollow  and  liardij 
burnt.  A  similar  form  of  pipe  is  uwed  for  draining  laud,  kc.  For  some  purposes^  bri© 
are  constructed  hollow  through  their  width  ojid  not  through  tho  length.  Tlie  udva 
tages  of  hollow  bricks  where  they  are  applicable  are:^ — i.  That  60  to  70  per  cent, 
materials  are  sarod.  2.  That  they  materially  reduee  the  presaure  by  deoroastag  t] 
weight  of  superincumbent  xnasonry.  1.  They  dry  more  equally,  and  admit  of  good  ren- 
tilition.  4.  They  can  be  baked  at  a  lower  temperature,  with  a  saring  of  20  to  30  per 
cent,  of  fueL  5.  Tho  cost  <d  transport  is  less  consequent  upon  the  reduced  weight. 
Figs.  175  and  176  show  two  kinds  of  hollow  tiling. 

riAftUaf  itrkX*.  floating  briek^,  or  bricks  sufiiciently  fight  to  fimti  upon  'i^  ater,  are  of 
very  ancient  date.  Pcxsidonius,  and  after  him  Stnibo,  state  that  a  peculiarly  argillacfxiu^ 
fartli  was  brought  from  Spain,  which  was  used  to  polish  silrer,  and  from  which  bricks 
iniidd  be  made  that  would  float  Utnin  wiiicr.  Fuithflr«  that  these  bricks  were  made  in 
aeverol  parts  of  Asia^  and  on  an  island  of  tho  I^iJaa  8m,    Vitruvius  FoUio  thought 
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tfmc  liriclcs  to  be  made  of  a  voiy  Hglit  unknown  stone ;  and  Pliny  likon*  it  tt«  piumoo 
stone*  But  the  secret  remained  hidden  for  a  thousand  years,  until  Giovnnne  Fabroni,  in 
1791*  after  many  experiments,  succeeded  in  producing  a  hrick  that  wotiM  remain  on  the 
su^fac^^  of  watt^r.  The  material  employed  was  fostfil  meal,  found  near  Santafiora  in  Tus- 
cAny.  It  waa  capable  of  eombining  with  Ibno  mortar,  r&di&ted  wator^  and  wa**  unaltf  R-d 
by  variation  in  temperature.  The  strength  of  thtwi  bricks  was  sciutiely  inferior  to  that 
of  ordinary  bricks,  and  greatly  more  in  the  proportion  of  their  ireigpht.  Fabroni,  as  an 
ezperiincnt,  conatructed  the  powder  magazine  of  a  wooden  elup  of  these  bricks  ;  and  tlie 
vmel,  being  eet  on  fire,  Bank  before  the  explosion  of  the  powder.    About  the  same  time, 
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Faujeft,  of  Coiron,  France,  fotind  a  fossil  meal  jxiaseasiiiff  the  proi>erties  of  that  found  in 
Tiuicany;  and  in  1 832,  the  labours  of  the  Count  de  IS^antes,  and  of  Foumet,  a  mining 
engineer  of  Lvons,  found  an  application  for  thea©  brickB.  The  powder  mugazineii, 
the  cooking- gal  leys,  the  hearth  of  the  steam-engine^  the  flues,  the  epirit-room  on  board 
ship  can  all  be  made  of  these  bricks,  and  the  chances  of  fire  reduced.  Tliis  kind 
of  brick  is  also  useful  for  the  vaults  of  ovenn,  Jtc,  in  which  a  high  temperature  is*  inain* 
tainecl,  a.s  they  are  infusible.  Kiitzing  found  that  these  Imeks  ermtaincd  immense 
numljcrs  of  the  microscopic  siliceoua  fthells  of  infusoria.  While  an  ordinary  brick 
weighs  270  kilos,,  tbe  weight  of  an  equal  bulk  of  this  infusoria  clay  is  oidy  045  klloa. 
Coated  with  wax  it  swam  like  a  cork.  The  strongest  poroelnin-oven-fire  was  without 
effect  upon  it*  By  the  addition  of  clay  or  Urae  the  SmmeiS  and  tenacity  of  an  ordinary 
brick  was  obtained. 

Ordinary  poruua  bricks  are  made  by  adding  to  the  clay,  coal-dust,  saw-dust,  turf,  tan, 
tc.  Light  bricks  were  used  for  building  purposes  in  Nuremburg  in  the  14th  and  15th 
oenturies*  Chimneys  were  built  of  thera.  In  bouthem  Samaria,  a  light  brick  made  from 
a  mixture  of  turf  and  sand  lime  Iilxa  Iteen  in  iibc  for  many  years, 

Fire-Bricu.  Fire-bricks,  or  bricks  mado  with  five-day,  aro  employed  instead  of 
ordinary  bricks  in  tlie  conatructioa  of  fiiniaces,  and  all  places  exposed  to  an 
exceedingly  Kigli  temporuture,  which  would  mult  the  common  brick.  Those  bricks 
contain  silica  and  alumina,  but  little  or  no  lime,  protoxide  of  iron,  or  alkalies; 
while  the  thiy,  t<>  prevtmt  contraction  in  burning,  is  mixed  with  already  burnt 
clay*  sand,  carbon  (coaU  coke),  &c. 

The  process  of  manufacturing  fire  bri^cka  at  Stourbridge  is  so  admirably  described 
in  Lieutenant  Orover's  '*  Report  on  Fire-clay  Goods"  in  the  Intomntional  Exhibi- 
tioa  of  1 87 1,  tliat  the  particiilai*s  maybe  quoted  in  exttmso.  ^'Th©  clay,"  he  says, 
'*  is  firstly  exposed  in  spoil  heaps  over  as  large  an  area  as  can  bo  secured,  for  from 
3  to  18  months,  according  to  tbo  eta  to  of  the  weather.  The  action  of  frost,  as  with 
ordinary  brick  earth,  is  of  great  seryico  in  disintegrating  the  compact  tough  lumps  of 
clay,  and  in  dry  weather  tho  clay  is  frequently  watore<i.  In  veiy  wet  weather,  a 
3  months^  exposure  will  suffice  for  its  proper  *  mellowing^  or  *  ripening/  and  it  ulti- 
mately shickg  and  falls  to  pieces.  "WTien  new,  it  is  termed,  in  tho  local  phraseology, 
*  short  and  rough ; '  after  duo  exposure  it  becomes  *  mild  and  tough.'  On  some  of 
the  works  the  spoil  heaps  of  clay  contain  over  10,000  tons,  and  it  is  estimated  that 
7  terns  measure  about  6  cubic  yards.    After  suflicient  weathering,  the  clay  is  gi'O'ind 
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in  ft  circular  pan  by  tvo  rollers  or  cylindrical  stones^  shod  with  iron  rims  2J  inclieii 
thick » and  wcip^hing  from  2 J  to  3  ^  tons  a-piec^.  After  being  gronnd,  the  clay  is  car- 
ried on  an  endless  band  to  a  *  riddle  *  of  about  4  or  6  mesh  to  tlie  iucJi  for  fire-bricks, 
6  or  10  for  fine  cement  clay,  and  12  or  14  mesh  to  tho  inch  ibr  glaes-hons©  pot-clay, 
the  larger  sized  mesh  being  used  for  the  sifting  of  tho  clay  in  wet  weather.  The 
large  particles  which  will  not  pass  thronj^li  tho  *  riddle  ■  are  carried  back  on  an  end- 
less band  to  tho  pan,  and  there  re-ground.  As  a  general  rule,  it  lis  only  for  very 
large  fire-brick  lumps,  that  re-ground  pots,  crucibles,  or  bricks — locally  termed 
*  grogg ' — arc  added  to  the  clay  before  giindiug  ;  and  fire-cement  day  is  always 
ground  pnre.  After  passing  through  thy  *  riddle  *  the  clay  is  tempered,  or  brought  to 
a  prtjper  degree  of  plasticity  by  tbe  addition  of  water.  It  is  then  thoroughly  stirred 
and  kneaded  in  a  circular  cast-iron  pug-miil,  by  rerolving  knives  prt>jecting  from  a 
vertical  shaft  driven  by  ateam-pGwer*  The  clay  is  forced  down  by  tho  obliquity  of 
the  rotating  knives,  and  streams  slowly  from  a  hole  near  tho  bottom,  whence  aiter 
being  cut  by  wires  into  tho  proper  forma,  it  travels  on  in  on  endless  band  to  the 
moulding  sheds.  The  bricks  are  then  moulded  by  hand  in  tho  usual  manner, 
and  dried  at  a  temperature  of  60  or  70  degrees,  in  sheds  about  1 20  feet  long  and  30 
feet  wide,  beneath  whoso  floors  run  longitudinally  two  ilues.  In  fine  weather,  how- 
ever, the  sun's  heat  is  made  to  economise  fuel*  The  bricks  are  burnt  in  circular- 
domed  kilns  or  cupolas,  locally  tei-med  *  ovens/  where  they  remain  for  from  eight  to 
fourteen  days,  being  fired  with  the  real  intensity  of  fiajne  or  white  heat,  for  about 
four  days  and  three  nights.  They  usually  require  seven  days  to  cool  down.  The  fire 
a  slowly  increased  and  gi'adually  lowered,  the  time  of  burning  being  regulat<^d 
by  the  kilnman  in  charge,  who  inspects  the  baking  bricks  from  time  to  time  through 
holes  in  the  domed  roof  of  tho  *  oven.*  The  chimney  stack  is  on  the  outside  of  tho 
kiln,  and  tho  flamo  bums  with  a  down  draught,  descending  through  holes  in 
tho  floor,  the  fire-holes  being  merely  openings  left  in  the  thickness  of  the  wall  of  tk&j 
kiln,  and  protected  from  tho  wind  by  buttresses  long  enough  to  allow  room  fa 
tho  firemen  to  attend  tho  fires.  Tho  coal  is  of  course  obtained  from  the  pita  whic 
provide  the  clay.  Most  of  the  kilns  hold  each  1 2,000  bricks,  but  some  are  la 
enough  to  contain  each  30,000  or  35,000  bricks,  the  capacity  cf  a  kiln  being  roughly 
calculated  upon  the  assumption  that  ten  bricks  requii*©  one  cubio  foot  of  space  in. 
tho  kiln/' 

8ome  analyses  of  fire-clay  were  given  when  treating  of  the  different  kinds  of  day. 
Sereral  analyses  of  fire-bricks  are  as  follows : — 

I.  2,  3,  4.  5. 

Silica 63*09  88*1  .         88'43  693  77*6 

Alumina      29*09  4*5  6  90  29-5  19*0 

Lime 0*42  vz  3'40  —  — 

Magnty^iu     ,  .     ,  .     .  .  0*66  —  —  —                3'8 

Oxide  of  iron      .  .     ,  .  2*88  6'i  i'50  XQ              0*3 

rotaah  . 192  —  —  —  — 

Soda      031  —  —  —  — 

Titanic  acid a*ai  —  —  — 

loo'oo  100*0         100*00  100*0  100*0 

I.  Clay  from  Dowlftis.     2.  Brick  from  copper-Bmelting  funiace  in  Wale».    3.  In  Pem- 
broke.   4.  Brick  frum  a  blast-farnnc*,     -;.  Brick  from  a  reverberatory  fomiu^c. 
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Dinas  bricks  are  made  from  material  obtained  from  the  Vale  of  Neath,  in  Glamorgan* 
■hire ;  but  they  have  been  imitated  in  Germany  by  a  mixtore  of  pure  quartz-sand  with 
I  per  cent  lime.  Dr.  Siemens,  r.R.S.,  says  of  these  bricks— "Welsh  Dinas  brick,  con- 
sisting' of  nearly  pure  silica,  is  the  only  material  of  those  practically  available  on  a  large 
scale  that  I  have  found  to  resist  the  intense  heat  (4000**  F.^  at  which  steel-smelting  furnaces 
are  worked."  Messrs.  Martin  Brothers,  of  Lee  Moor,  Plympton,  have  made  some  bricks 
trom  the  refuse  of  kaolin,  or  china-clay,  mixed  with  quartz-sand,  carefully  selected  and. 
washed.  The  kaolin  is  found  in  Cornwall  and  Dcvonsnire,  and  is  produced  by  the  disin- 
tegration of  p«gmatito  or  felspathic  granite,  under  the  action  of  the  atmosphere ;  it  then 
becomes  a  basic  silicate  of  alumina.  The  following  are  some  ansiyses  of  these  kaolinitio 
bricks ;  they  possess  remarkably  high  refractory  power  from  the  small  quantity  of  iron 
contained: 

Silica        75-89  75-36  7350  76-70 

Alumina 21-61  21*47  22*70  20*10 

Peroxide  of  iron    ....       1*96  1-79  1*70  1*70 

Alkalies,  waste,  &c.       ..      0*50  1*38  2*10  1*50 

loooo  100*00  loooo  100*00 

Suitary  Ware.  Sanitary  ware  is  one  of  tho  largest  branches  of  stoneware  manufacture. 
Stoneware  is  admirably  adapted  for  employment  where  an  impermeable  and  water-tight 
body  is  desired,  as  in  drains,  sewers,  subways,  &c.  Formerly,  when  about  thirty  years  ago 
the  manufacture  of  stoneware  drains  was  commenced,  the  processes  were  all  manual,  and 
oonsisted  in  building  up  the  large  pipes  or  tubes  section  by  section  on  a  strong  potter's 
wheel.  But  machinery  now  effects  the  formation  of  this  ware  with  a  great  economy  of  time 
and  labour.  The  clay  is  placed  in  a  strong  cylinder  of  iron,  in  tho  bottom  of  which  is  a 
dronlar  opening  corresponding  with  the  solid  section  of  the  pipe ;  an  iron  piston,  driven 
by  steam,  descends,  forcing  the  clay  through  this  opening.  By  this  means  tho  pipe  is 
formed :  the  socket  or  joint  is  generally  added  on  a  wheel.  Bends,  for  the  turning  of  the 
comers  of  streets,  &c.,  are  made  by  simply  bending  the  pipe  by  hand  as  it  is  squeezed  out 
of  the  machine.  Messrs.  Clayton,  Williams,  Whitehead,  and  AJnslio  are  among  the  most 
celebrated,  manufacturers  of  these  machines.  Messrs.  Clayton  recently  exhibited,  at  the 
International  Exhibition,  a  small  machine  working  on  tho  principle  just  described,  that 
can  be  manipulated  by  a  man  and  a  boy. 

cnuibiM.  For  crucibles  it  is  necessary  that  materials  shall  be  used  that  will  with- 
stand the  highest  temperature.  Good  crucibles  do  not  crack  on  being  rapidly  cooled, 
and  they  must  also  withstand  the  action  of  tho  fluxes  that  may  result  from  the 
smelting  of  metals.  Tho  most  common  crucibles  are  tho  Hessian,  the  graphite  or 
plumbago,  and  the  English.  Tho  Hessian  crucible  is  made  of  i  part  clay  (of  71  parts 
silica,  25  parts  alumina,  and  4  oxide  of  iron)  and  one-half  to  one-third  the  weight  of 
quartz-sand.  They  are  refiractory,  remain  unaltered  by  variations  in  temperature, 
but  are  unsuited  to  some  chemical  operations  on  account  of  coarseness  of  grain  and 
porosity.  If  containing  too  largo  a  proportion  of  silica,  they  become  perforated  by 
oxide  of  lead,  alkalies,  &c.  Graphite  or  plumbago  crucibles  are  made  from  i  part 
of  refractory  clay  and  3  to  4  parts  graphite.  The  Patent  Plumbago  Crucible  Company 
of  Battcrsea,  as  well  as  the  Nuremberg  manufacturers,  employ  Ceylon  graphite  and 
fire-clay.  Graphite  crucibles  will  boar  the  highest  temperature,  and  they  can  be 
made  to  almost  any  required  size.  English  crucibles  are  made  from  2  parts  of 
Stourbridge  clay  and  i  part  of  coke.  Crucibles  containing  coal  become  reduced 
when  heated  in  contact  with  metallic  oxides,  and  are  therefore  unfitted  to  tho 
smelting  of  metals.  Eecently  lime  and  chalk  crucibles  have  been  employed  for  this 
purpose.  Caron  has  used  magnesia  crucibles  in  the  smelting  of  iron  and  steel. 
Gaudin  employs  an  equal  mixture  of  bauxite  or  cryolite  and  magnesia.  Very 
similar  are  the  bauxite  crucibles  of  Audouir-. 
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LiatE  AXD  LncE-BuuNixo, 

ume.  Lime » protoaddo  of  calo  i  iiin  ( CaO = 5  6) ,  i  n  its  combination  with  carbonic  acid 
aa  carbonato  of  limo  (CaCOj)  is  a  aubstanco  of  the  most  firoquent  occurrence.  It  is 
a  constituont  of  bono,  of  tbo  shells  of  tho  moUusca,  and  is  fonnd  most  extensively 
in  tho  minorable  kingdom  as  marblo»  lime-stone,  coral»  Iceland  epar,  arragonitoi 
chalk,  &c.  Its  technical  applications  aro  as  marble  in  building,  in  tho  manufacttiro 
of  artificial  mineral  watera,  as  Iceland  spar  for  optical  purposes,  as  chalk  iti  colours 
and  drawing  materialj?,  in  tbo  manufacturo  of  6oda»  in  the  preparation  of  hydrauHfi 
mortars,  building  and  plastering  materials,  &c.  Limestone,  Alpen  lime,  lias  Ume, 
Jam  limoj  &c.,  is,  when  mixed  with  ckiT»  iron,  and  other  metallic  oxides,  used  as  a 
colour.  Lithographic  stoao  is  a  yeUow-white  Umestono,  employed  as  its  name  im- 
plies, in  lithography,  Chalk  or  earthy  carbonato  of  limo  occurs  in  strata  in  North 
Germany,  Denmark,  France,  and  Eogland.  To  this  class  belongs  marl- limestone » 
distinguished  by  containing  clay.  With  carbonato  of  soda,  carbonate  of  lime 
ibrms  Gay-Luiisitc  (CaCO^  -(-  Na^COj) ;  with  carbonato  of  barj'ta,  baryto-calcite 
(CaCOj  BaOOj)  j  and  with  carbonato  of  magnesia,  bitter-spar  or  dolomite 
(CftC03+  MgCOj),  tho  latter  occurring  with  3  molecules  of  carbonate  of  magnesia 
to  I  molecule  of  carbonate  of  lime. 

rropeniM.  Carbouato  of  lime  is  not  soluble  in  pure  water ;  but  if  tho  water  should 
hold  carbonic  acid  in  solution,  biciirboaate  of  lime  is  formed.  When  this  solution 
l>y  means  of  evaporation  loses  half  its  carbonic  add,  an  insoluble  carbonate  is  formed. 
In  this  manner  ore  naturally  formed  stahicfitc^  and  ataltigmiks.  The  deposit  of  calc- 
sinter  upon  objects  deposited  in  caverns,  in  limestone-rock,  dec,  i&  thus  explained* 
When  carbonato  of  lime  is  ignited  to  whiteness  in  a  porcelain  cmciblo,  "Uid  car- 
bonic acid  18  disengaged,  and  there  remains  protoxide  of  cilcium  (CaO)  or  caustic 
lime.  100  part«  of  carbonate  of  limo  yield  56  parts  of  burnt  lime.  Tho  volume 
af  the  lime  undergoes  no  diminution  by  burning.  Burnt  lime  is  tho  form  under 
which  lime  most  commonly  appears  in  the  market.  Carbonate  of  lime,  heated  in 
%  closed  porcelain  tube,  melts,  and  forms  a  ciystalline  mass,  a  carbonate,  aft^rwardii 
unalterable, 
i/ne-nttrain;.      Tho  bumiug  of  the  limo  is  eifecte<l — 

In  kilns, 

In  field- ovens,  and 

In  lime-ovens. 

lime^bnmiiig  in  kilns  is  aooomplisJied  in  the  following  manner :— Hio  limeetonc^ 
imleBsithaspieviouflly  been  broken  into  small  pieces,  is  heaped  up  intocaimfl  aimilar 
to  tho  heaps  of  wood  to  be  converted  into  charcoal.  The  kiln  is  then  coveretl  willi 
earth  or  turf,  and  tho  firo  so  placed  that  tho  larger  pieces  ^f  limo  in  the  interior  of 
the  heap  are  burat.  The  regulating  of  tho  draught,  the  kindling,  the  covering,  and 
the  cooling,  are  on  the  same  principle  as  that  fol lowed  by  tho  charcoal  burner  in  the 
conversion  of  wood  into  chorooal  by  combustion.  According  to  P,  Ltisi^,  a  kiln  of 
tiiis  kind,  4*5  metres  in  height,  contains  55 '5  cubic  metres  of  lime  as  well  as  2*6  cubic 
metres  of  lime-dust.  In  the  ficld-ovcna  thu  bumiug  is  Btmilai4y  conducte«l,  but 
sometimes  on  a  larger  scale,  the  kilns  being  always  temporary.  It  is  easy  to  seo 
that  the  burning  10  this  manner  is  only  uf  slight  tiHihnical  importance ;  besides  tliA 
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groat  waste,  only  a  small  quantity  could  be  produced  at  an  operation.    Therefore 
permanently  eonstructed  ovens  ai*o  employed.    These  are  divided  into — 

a.  Those  kilns  in  which  tUi^  burning  is  interrupted,  or  occasionally  employed 
(the  periodical  kiln). 

h.  Thoae  kilns  in  which  the  burning  is  continuous  (the  continuous  kiln). 
In  the  oocasional  kiln,  nitcT  the  burning  is  finished,  the  kiln  is  cooled,  and  the  lime 
then  remored.  In  the  oontinunl  kiln,  on  the  contrjiry,  the  cuUi nation  is  continuous, 
the  kiln  never  being  allowed  to  CiX»L  It  is  so  constructed  that  the  burnt  lime  can  be 
removed  and  fresh  limestone  introduced,  without  in  the  least  intemipting  the  prticess. 
The  continual  kiln  has  many  recommendations — among  them  that  of  effecting  i\ 
saving  in  fuel,  aa  use  can  be  made  of  the  refuse  lime  for  this  purpose.  In  a  small 
way,  where,  as  a  mle,  burning  cannot  bo  constantly  carried  on,  the  small  occasional 
kiln  is,  of  course,  to  bo  preferred. 

^SdTxliSI.  Th<3  occasitmal  or  periodic  kiln  with  intorrupted  burnings  have,  or 
K»metimes  have  not,  a  gratt::d  fvu'nace.  Figs.  177  and  178  show  t^^o  lime-kilns  of  the 
ordinary  construction  without  gi  atod  furnaces.  They  are  built  either  on  the  slope  of 
a  hill  or  on  the  slope  of  the  limestone  quarry  itself.  As  a  rule  the  kilns  are  built 
nc^ir  one  another,  so  that  one  wall  servos  for  two  kilns.  The  height  of  the  vault 
Tai'ies  from  i  '3  to  1  *6  metres,  and  it  is  generally  built  of  the  largest  limestones,  while 

Pia  178. 


Fio.  177. 


the  smaller  stones  and  lime-dust  are  placed  in  the  interior  of  the  kiln.  Through  the 
furnace  doors,  easily  combustible  fuel,  such  as  brushwood,  light  timber,  shavings,  &c,, 
is  introduced.  The  mass  becomes  gradually  heated,  ihiQ  larger  stones  crack  and  !)reak 
up,  and  the  whole  nuit^s  sinks  together.  As  the  firing  is  increased  the  lime  becomes  of 
a  brighter  colour  and  the  flames  free  from  smoke.  As  soon  as  the  lime  immediately 
under  the  stones  on  the  top  of  the  kiln  is  at  a  white  heat  the  burning  is  complete* 
The  mass  by  tliis  time  will  have  sunken  one-sixth.  A  burning  goaeraUy  occupies 
thirty-six  to  forty-eight  hours.  An  occasional  kilu  with  a  grat^^d  furnace  etTcets  a 
quicker  and  moi^  complete  combustion  of  the  fuel ;  but  they  are  open  to  the  objec- 
tion that  the  consumption  is  greater.  On  the  other  hand,  the  kilns  without  a  grated 
furnace  aro  less  i>crfoctly  heated.  A  kiln  much  used  in  llano ver  is  shown  in 
Fig.  179,  and  in  plan  in  Fig.  180  ;  Fig.  18  r  shows  the  under  part  of  the  kiln  in 
Tortical  section.  The  lower  room  serves  for  the  calcination  of  the  Hmo ;  over  this  is 
a  vaulted  chamber  3"  12  metres  in  diameter  and  11  feet  in  heij^ht,    e  t  e  e^  Figs.  180 
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and  i8t,  are  four  stoke-holes  fortlie  introduction  of  fuel,  stone-coal,  brown-ooal, 
breeze,  &o.  E  is  tlie  approach  by  whiih  the  limestone  is  introduce  into  the  furnace ; 
d  the  door  by  which  entrance  is  obtained  to  remove  the  burnt  liino»  Both  these 
openings  are  closed  during  the  actual  bui-ning*  a  is  an  approach  to  the  "  upper 
jacket/'  as  the  uppor  chamber  ia  termed.  This  opening  is  neoessary  as  a  draught  t<> 
asbist  the  flame  and  hot  gases  in  their  escape  from  the  top  of  the  kiln ;  it  also  causes  a 
more  intense  Eame  in  other  parte  of  the  kiln.    Figs.  i8o  and  i8i  show  how  the  lim&- 


-^\-\ 


atone  la  kept  clear  of  the  hearthst  A  piece  of  wood  is  plaotd  vertically  in  the  centre 
of  the  oven  to  direct  the  flames  upwards  when  the  firo  is  li^^hted*  During  the  first 
six  hours  the  fire  is  weak  ;  then  a  stronger  fire  is  obtiuned  until  the  yellow  lime- 
fliunes  spring  from  the  openings  in  the  vault,  and  the  oven  is  in  a  clear  glow. 

The  cooUanoiii  KUni-  Th©  Construction  of  Uie  kilns  for  continuous  burning  is  somewhat 
difTerent  to  that  of  the  preceding.  "Ihey  are  of  two  kinds.  In  one  the  fuel  and  the 
UmestoiLO  arc  placed  in  alternate  layers;  in  the  other  kind,  the  fuel  and  the  limestone 
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are  not  in  contact,  there  being  furnaces  for  the  fonnor  and  sepni^ati'  ehamljere  fi 
the  latter,     Tn  either,  freah  limestone  is  added  in  proportion  as  the  burnt  stone 
remOTod  trmn  the  bottom  of  the  kiln. 
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At  Eiidersdorf,  near  Berlin,  a  verj^  efficient  kiln  is  emplayod,  shcn^Ti  in  eoction  in 
Fig.  182.  TJiQ  lining  wall  of  the  shaft,  <f,  ia  built  of  iiro-l»rick|  the  counter  wiiil, 
e,  is  Beparatcd  from  tho  lining  wuH  by  a  chamber  filled  with  aj^hes,  building  refuse, 
^c.  Tho  outer  waD^  b  b,  is  not  an  essential  portion  of  tho  kiln ;  it  serves  moroly 
as  a  jacket  for  the  retention  of  the  heat,  while  the  galieriea^  n  and  F,  can  bo  used 
as  drying  rr»OQiB  for  wood,  fuel,  &c.  Daring  the  proeoss,  tho  under  part»  B,  of  tho 
*haflt  is  filled  with  prepared  lime, 

which  is  removed  by  l^e  draught  ^**  '^^■ 

hole,  0,  in  the  sole  of  the  shaft,  —     ■*    ^' 

For  the  purpose  of  hastening  the 
descent  of  the  burnt  lime,  tho 
fliclea  of  the  lower  part  of  tho  nhaft 
aro  sloped  towards  the  draught-- 
holes*  Tho  shaft  is  usually  14*  123 
metres  in  height.  About  4  metres 
above  tho  sole  of  the  shaft  is  situated 
the  firo-room,  h  Three  to  five  fire 
rooms  are  in  action  in  a  single  shaft. 
The  Ibel  h  wood  or  turf,  t  is  the 
ash-pit,  whence  tho  ashes  fall  into 
E.  The  flame  enters  the  shaft 
through  the  opening,  h,  at  the  end 
of  the  fire  room,  The  freshly-burnt 
lime  is  recci  ved  in  f.  k  k  is  a  draugh  t 
gaUery    communicating    with    n. 

The  kilns  are  locally  known  as  three-,  four-,  or  five-fired  kilns  according  to  the 
number  of  fii-o  room^.  Should  tho  kiln  not  have  been  in  use  for  some  time,  tho 
firing  is  commenced  by  adding  fucd,  such  as  wood,  turf,  &c.,  to  the  limestone  in 
tlie  shaft,  "^Ticu  tho  shaft  ia  thoroughly  warmed  and  a  good  draught  obtained, 
lime  only  13  introduced  into  the  shaft.  The  shaft  is  entirely  filled  with  limestone, 
and  sometimes  the  limestone  ac^timulates  upon  the  mouth  or  top  of  the  kiln  to  a 
height  of  1*3  metres. 

kUd«  fnrOqmin*      Whcn  the  locality  is  favourable  tho  kilns  art?  arranged  to  bam  both  lime 
Uiu*  and  nriiks    ftjj,j  liHcks  ftt  th©  Blame  time,     Tlie  annular  kiln  of  Holfnaim  and  Licht, 
%      describiMl  tmder  Brick-making,  ia  the  most  auitahle  for  this  double  purpose. 

propertiM«n,tme,  The  quality  of  the  burnt  lime  is  greatly  influenced  by  tho  consti- 
tution of  tho  limestone  burnt.  Wien  tho  limestone  consists  chieily  of  pure  car- 
bonate of  lime,  the  resulting  limo  ia  what  is  termed  a  "fat  "  lime.  On  tho  other 
hand,  if  tho  limestone  is  of  similar  composition  to  dolomite  (CaCOa  -)-  MgCO^), 
containing  magnesia,  the  resulting  limo  forms  a  short,  thin  pulp  wath  water,  and  is* 
termed  *'  poor."  With  10  per  cont,  of  maguesia  tho  lime  i**  noticeably  poor,  and 
with  25  to  30  per  cent  almost  useless.  The  Itme  on  being  taken  from  the  kiln  is 
by  no  means  found  to  bo  burnt  equally.  8ome  pieces  that  have  almost  escaped 
the  fire  are  merely  superficially  burnt,  and  contain  a  kernel  of  unbumt  limestone. 
Other  pieces  exposed  to  the  full  heat  of  tho  kiln  are  "  over-burnt/*  The  *'  over- 
burning"  of  tho  limo  is  either  due  to  tho  forming  of  **  half-burnt  ^*  lime 
(CaCOj  4-  CaHjO^)  by  a  strong  and  sudden  ignition ;  or  by  means  of  the  high  tem- 
perature tho  small  quantity  of  eilica  and  alumina  contained  in  the  limestone 
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tieoootd  sinti^red  over  the  surface,  and  tho  liine  \b  thus  proTontod  l)y  a  coating  of 
ffiUcBie  from  combining  with  tho  water  to  form  a  polp* 

ftUiiBf  uiw.  Burnt  limo  moistcaed  with  water  ehilte^  with  great  viokmce,  loo 
parts  by  weight  of  lime  requiring  only  33  part^  water,  or  3  vols,  of  lime  to  i  vol. 
wat(5r,  to  obtain  by  the  eombination  a  temperature  of  150*.  Tho  result  of  the 
slaking  is  a  soft,  white  powder,  lime-meal  or  powdered  lime»  hydrate  of  protoxide  j 
of  cakiutn  (CaHaO^),  which  in  volume  exceeds  three  times  that  of  tho  lime  slaked.^ 
If  less  water  is  added  than  iy  mquisite  for  the  fomiation  of  the  hydrat+%  a  'sandy 
powder  is  obtained  of  little  value  technically.  It  is  therefore  very  disadvantageous 
tti  place  lime  in  baskets  in  damp  situations.  For  technical  application  to  building 
puqK)sc9,  after  the  lime  has  been  slaked  with  one-thinl  of  its  weight  ef  water,  an 
equal  quantity  of  water  is  added  to  the  mass  t< » form  a  thin  pulp.  Slaked  lime  retaiua 
its  water  of  formation  with  such  obstinacy  tliat  at  a  temj-erattire  of  250°  to  300°  no 
loss  of  weight  occurs,  TIi«  hydrate  forms  a  thin  pulp  with  water,  and  from  tliis 
pulp  by  further  dilution  lime-water  or  milk  el'  hme  is  obtaincKl.  If  the  limo-wat»^r 
be  filtered,  there  results  a  saturated  solution  of  hydrate  of  lime»  containing  1  part 
hydi'ato  to  778  parts  water.  Wlion  exposed  to  the  atmosphere,  lime-"^nter  rupicUy 
absorbs  carbonic  acid,  and  is  soon  covered  with  a  thin  film  of  carbonate.  Lime- 
water  has  a  strong  alkaline  reaction,  due  partly  to  the  Hme  itself,  and  partly  to  the 
far:t  tbat  most  limestones  contain  common  salt  and  alkaline  silicates^  whieh»  under 
tho  int!uenco  of  the  caustic  lime,  are  converted  into  caustic  alkali.* 

VwH^Utat,       Tlio  torhnicjal  applications  of  lime  are  T<?ry  many.      Its  great  affinity  for  J 
OiJ*boxue  acid  fits  it  cAppcially  for  the  prDparation  of  the  caujitie  alkalies.     Slaked  lime  tot 
emploved  in  the  prrprkration  of  ammonia  from  ftal -ammoniac,  of  hypfichlonte  of  euicium 
(chionde  of  lime),  in  the  precipitation  of  miigiic^da  from  the  mother-ley  of  eudincs;  in  the 
piirillcacion    of    illiimiiiiating    p-as    from    carbonic   acid    nud  partly   from    sulphuretted 
hydrogen ;  in  the  r<  iiiiinjjr  of  sug'ar  and  the  wparation  <»f  the  hujifar  frfna  beet-rout  jiiice  ;  \ 
in  the  manuf aetiire  of  soda ;  in  tannings  to  ri»move  tho  hair  and  prepait!  the  hiile ;  in 
[  bleaching;  in  the  manufacture  of  stearine  candlcjv;  in  tho  preparation  of  alum  and  md- 
'  phatc  of  alumina  fr^>m  cryolite  ;  for  neutralising'  the  milphuric  acid  in  the  preparaticm  of 
starch-ftn^ar,  kc.     One  of    tho  latest  applications  of  lime  is  to  the  exy-hydroyrec  or 
ox^'calcium  light,  which  is  of  so  much  importance  in  signaUing-,  and  vach  a  valuable  aid 
to  the  lecturer.    The  most  important  application  of  limo  is  doubtleoa  in  tho  making  of 
mortar. 

MOETAR. 

Mortju-.     Mortar  is  a  mixture  of  sand  with  cream  of  lime,  use<I  in  building  ua  » " 
binding  mtttcrial.     Tho  ordinary  mortar  sets  or  hai-dens  only  in  tho  air  j  hj^drauiie 
mortar  sets  under  water. 

Q.  Common  or  Air^sdting  Mortar, 
When  slaked  limo  is  exposed  to  the  atmosphere  it  absorbs  carbonic  acid,  and  tho 
mass  becomes  much  shmnken  and  cracked.  Tho  hydrate  of  hmo  thus  formol  on 
becoming  perfectly  dry  attains  the  hardness  of  marble.  Such  n  material,  witri 
certain  modifications,  is  consequently  admirably  adapt<xl  ns  a  oement  to  bind 
tog<?ther  bricks,  blocks  of  stone,  &c.,  in  building.  But  as  tho  contrnetion  or 
shrinkage  would  givo  rise  to  groat  unevennoss  in  the  construction  of  walls,  it 
becomes  necessary  to  add  sand  or  some  similar  substance  to  the  lime- cream.  This 
addition  gives  a  body  to  the  mortar^  which  with  the  bricks  combines  into  one 
coherent  mass.  Cojnmon  mortar  is  ordinarily  made  t^ith  slakt^d  lime,  an  inlimat© 
mixture  with  sand  and  water  being  formed.  Angular  or  sharp  sand  is  prcfem?d  to 
smooth,  round  sand,  ns  makinj?  a  more  tenacious  mortar.  Round-grained  sand 
yields  a  very  brittle  mortar,     Tho  proportion  of  sand  to  the  limo  is  a  matter  imme- 
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diately  affecting  the  quality  and  hardness  of  the  mortar.  In  practice,  i  cubic 
metre  of  stiff  lime-cream  requires  3  to  4  cubic  metres  of  sand ;  but  poor,  magnesia- 
containing  lime  will  only  admit  of  i  to  2  J  cubic  metres  of  sand.  When  mortar  is 
employed  in  brick-laying,  the  surface  of  the  brick  is  moistened,  the  mortar  laid 
between  each  brick,  and  left  to  drj'.  When  dry  it  is  often  harder  than  the  brick 
itself. 

Hardening  the  Mortar.  .  Mortar  sets  or  hardeiiB  very  quickly ;  after  a  day  it  will  attain  a 
firmness  that  will  last  for  centuries.  The  drying  out  of  the  water  from  the  mortar  is  not 
the  sole  cause  of  its  hardening,  as  may  be  very  easily  ascertained  by  drying  the  mortar  in 
a  water-bath  or  over  the  spirit-lamp ;  the  result  is  not  a  stone-like,  but  a  friable,  non- 
coherent mass.  Fuchs  accounts  for  the  hardening  of  mortar  by  supposing  the  formation 
of  the  so-caUed  neutral  carbonate  of  lime  (CaC03-f-  CaH^Oj),  a  combination  which  has  not 
been  known  to  suffer  conversion  into  ordinary  carbonate  of  lime  (CaCOg).  Kecent 
researches  have  shown  this  supposition  to  bo  erroneous,  as  it  docs  not  agree  with  the 
results  of  analyses,  which  have  yielded  a  quantity  of  carbonic  acid  incompatible  with  the 
existence  of  a  neutral  carbonate  ;  20  and  even  70  per  cent,  of  carbonic  acid  have  been  found. 
The  experiments  of  Alexander  Petzholdt,  A.  Von  Schrotter,  and  others,  have  proved  there 
to  be  an  increase  of  soluble  silica.  The  conversion  of  quartz-sand  into  soluble  silica  imder 
the  influence  of  hydrate  of  lime,  is  not,  however,  a  reaction  at  all  explanatory  of  the 
hardening  of  mortar,  as  washed  chalk  instead  of  silica  forms  an  equally  hard  mass. 
W.  Welters  gives  the  formation  of  silicate  of  lime  as  accounting  for  the  hardening  of 
mortar.  It  is  not  seldom  in  the  analysis  of  old  mortar  from  the  interior  of  walls  that 
caustic  alkalies  are  found. 

6.  Hydraulic  Mortar » 

Hydraulic  Mortar.    Limcstono  Containing  more  than  10  per  cent,  silica  possesses,  when 

burnt  and  made  into  a  mortar,  the  peculiar  property  of  hardening  under  water. 

Lime  burnt  from  such  limestone  is  termed  hydraulic  lime,  and  the  mortar  hydraulic 

mortar. 

When  unbumt,  hydraulic  lime  is  a  mixture  of  carbonate  of  lime  with  silica  or  a 
silicate,  generally  silicate  of  alumina,  the  latter  being  insoluble  in  hydrochloric 
acid.  During  the  burning,  the  hydraulic  lime  suffers  a  change  similar  to  that 
taking  i)laco  when  a  silicate  insoluble  in  acid  is  precipitated,  during  the  application 
of  heat,  with  an  alkaline  carbonate.  After  burning,  the  lime  is  to  a  great  extent 
soluble  in  hydrochloric  acid,  and  has  lost  some  of  its  carbonic  acid.  Von  Fuchs, 
Foichtinger,  Ilamis,  Heldt,  W.  Michaelis,  and  A.  von  Kripp's  experiments  have 
proved  that  the  silica  of  hydraulic  lime  is  precipitated  in  a  gelatinous  condition, 
and  that  constituents  such  as  alumina  and  oxide  of  iron  are  of  influence  only  when, 
under  ignition,  they  have  formed  a  chemical  combination  with  the  silica. 

Hydraulic  mortars  are  made  : — 

1.  With  a  thin  cream  of  lime  and  water  to  which  sand  is  added ;  or  with 

2.  A  mixture  of  ordinary''  air-mortar  with  water  and  cement. 

During  the  slaking  of  the  hydraulic  lime  water  is  absorbed,  but  without  any  con- 
siderable evolution  of  heat  or  increase  in  volume.  Hydraulic  mortar  is  applied  in 
the  same  manner  as  ordinary  mortar — the  lime-cream  must  bo  freshly  made,  and 
the  brick  or  masonry  work  moistened.  The  mortar  should  be  placed  thickly 
between  each  laj^er  of  bricks,  in  order  to  afford  a  good  finn  bed,  and  allow  for 
shrinkage. 

Cementa.  It  follows  from  what  has  been  said  that  an  artificial  hydraulic  mortar 
can  be  prepared  from  ordinary  lime  by  the  addition  of  silica.  Such  a  preparation 
is  termed  a  cement,  A  few  natural  cements  are  found,  and  may  bo  considered  a& 
chiefly  of  volcanic  formation.  To  this  class  belong  tuff-stone,  taiTas,  or  trass,  a 
tertiary  earth,  the  basis  of  which  appears  to  be  pumice-stone  with  small  quantities 
of  basalt  and  calcined  slate,  the  pozzolano  of  Italy,  and  santorin. 
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Torras,  ortrase,  al^o  containB  magnetic  iron  in  aniall  qii  an  titles,  aa  well  ss  titanic  irtnu 
The  following  are  tho  constituents  according  to  analysis  : — 

Soluble  in 
hydroehloric  acid. 


Silica  . .  , 
Lime 

Magnesia . . 
Potash      . ,     , 

Soda 

Alumiim  . .  , 
Oxide  ol  iron  . 
Water       , .      . 


Insoluble  in 
hydrochloric  acid. 

3744 

2*25 

0'27 

ooS 
1*12 

V2S 
075 


56S6  42-98 

111  19  cement  has  been  employed  for  300  yean  Aft  n  hydraulic  mortar,  and  is  one  of  the 

mof^t  important  of  it«  olasa. 
Po3UGolaiLO  is  another  t4*rtiary  earth,  ocettrring-  chiefly  at  Puzzuoli,  near  Naples,  as  ft 

looflBt    gvej,   or    yellow-brown   umas,    of    partly  a   fine-grained  and  partly    an   earth j 

fracture.     It  nontaina  in  100  parts : — 

Silicic  acid    . «     . ,  445 

AliiTnlna       «     ,.     ..  15-0 

Lime      • « S'S 

Magnesia      , 47 

Oxide  of  iron       , ,                             . .      . ,      . .  120 

Potaah ) 

Soda      .^     ..     .,  )  5*5 

Watei '    ,.     ..  9*2                              I 


1000 
The  oxide  of  iron  contains  small  quantities  of  titanionu    Moro  lime  must  be  added  to 
fonn  a  hydranlio  mortar.    The  masonry  of  the  light-room  of  tlio  Eddysione  Lig^hthonse 
is  oementod  with  a  hydranlio  mortar  formed  from  equal  parts  of  pulveriijcd  po2zolauo  aod 
plaked  lime. 

Saut^jriu  deriTres  its  name  from  the  Greek  Island  of  Santorin^,  where  it  was  fiiftt  found. 
It  is,  similarly  to  trass,  a  volcanic  fonnationt  and,  aecording  to  O.  Feiohtlnger  (1S70)  oon- 
siste  of  a  mixture  of  ccmont  and  sand,  the  latter  containing  largo  quantities  of  pumice- 
«tODe.  It  is  not  largt^ly  employod  as  a  cement^  on  account  of  tho  difficulty  of  sei>arating 
the  true  cement  from  the  accompanying  aoiid. 

Artifldtti  OnnratB.  Tho  high  prico  of  natural  cements  consoqTient  upon  the  smallneso 
of  the  quantity  found,  and  the  difficulty  of  working  them,  huii  giTcn  much  en- 
oouragoment  to  the  manufrictui'e  of  artificial  cements.  Indeed,  tho  uao  of  natural 
cements  ia  the  ejc(;4»ption  and  not  the  rulo.  Parker,  Wyutt,  and  Co.,  were  the  fxtst 
artificial  c<?ment  maniLfacturers,  and  took  out  thoir  English  pat*-'nt  in  1796  :  they 
may  therefore  bo  considered  as  the  founders  of  the  cxtoueivo  industry  of  the  jrt-e- 
sent  day.  The  cement  prepared  by  thorn,  and  now  in  use,  is  known  as  English 
or  Boman  cement*  It  is  manufactured  by  burning  a  peculiar  clay-ghalo  found 
above  the  chalk  formation  in  the  Isle  of  Shepp^^y  aod  tho  Isle  of  Wight.  The  l>unw 
ing  ia  efie<  ted  in  an  ordinary  limo  kiln,  and  tho  burnt  shale  is  afterwaixis  pul- 
verised. Tho  I'eaulting  red-brown  powder  eagerly  absorbs  carbonic  acid  and  water 
from  the  air.  It  is  packed  in  casks  and  stored  ready  for  use,  "Wlion  prcpart^d  a«  • 
mortar,  it  hardens  or  sots  in  fifteen  to  twonty  minutes. 
Midia^lis  found  by  the  analysis  of  vajious  Boman  cemcnta :— 


I, 

2. 

3* 

4' 

Limo       *  .    .  . 

.  ,        58-38 

55*50 

47^83 

SS'SS 

Mngnesia 

5'oo 

n3 

24*a6 

2-25 

Silit'ic  arid      .  . 

28-8j 

25-00 

5'8a 

23-66 

Alumina 

6'40 

6-9<> 

1-50 

7'24 

Oxide  of  iron.  . 

480 

9-63 

20'80 

7*97 
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The  analyses  are  from  cements  free  from  water  and  carbonic  acid.  No.  i  is 
Boman  cement  from  Riidersdorf  limestone;  2.  From  limestone  from  the  Isle  of 
Sheppey,  yellow-brown  in  colour,  coarse  and  hard ;  3.  From  limestone  forming 
the  under  bed  of  the  lead  ores  at  Tamowitz,  of  a  blue-grey  colour,  firm,  and  of  a 
crystalline  appearance ;  4.  From  Hausbergen  limestone. 

Portland  cement,  so  named  from  the  resemblance  it  bears  when  set  to  Portland 
stone,  is  a  scaly  crystalline  powder  of  grey  colour,  and  was  first  prepared  by  Mr. 
Joseph  Aspdin  of  Leeds,  in  1824.  According  to  his  Letters  Patent,  he  prepared 
the  cement  in  the  following  manner : — A  large  quantity  of  limestone  was  taken 
and  pulverised;  or  the  duster  pulverised  limestone  used  to  mend  the  roads  was 
employed.  This  material  was  dried  and  burnt  in  a' lime-kiln.  An  equal  quantity 
by  weight  of  clay  was  added  to  the  burnt  lime,  and  thoroughly  kneaded  with  water 
to  a  plastic  mass.  This  was  afterwards  dried,  broken  in  pieces,  and  burnt  in  a 
lime-kiln  to  remove  all  the  carbonic  acid.  The  mass,  thus  transformed  to  a  fine 
powder,  is  ready  for  the  market.  It  is  known  in  commerce  as  a  grej^,  or  green- 
grey,  sandy,  palpable  powder.  But  Pasley  must  be  considered  the  true  founder  of 
artificial  cement  manufacture  in  England;  he,  in  1826,  obtained  a  cement  by  the  burn- 
ing of  river-mud  from  the  Medway,  impregnated  with  the  salts  from  the  sea-water, 
with  limestone  or  chalk.  The  mud  from  the  Medway  is  probably  best  adapted  for  the 
manufacture  of  Portland  cement  on  account  of  the  sodium  salts  it  contains,  and 
from  this  supposition  there  seems  good  ground  for  Pettenkofcr's  recommendation 
that  various  marls,  burnt  after  lixiviation  with  a  solution  of  common  salt,  should 
be  tried.  At  the  present  time  the  mud  from  the  mouths  and  delta  formations  of 
several  large  rivers  is  employed  in  the  preparation  of  this  cement. 

The  manufacture  of  Portland  cements  usually  follows  this  mode.  The  raw  mate- 
rials, limestone  and  clay  or  mud  in  equal  quantities,  are  intimately  mixed,  the 
mixture  di*ied  ^n  the  air,  and  then  burnt  in  a  shaft-oven.  The  shaft-oven  is  gene- 
rally 14  to  30  metres  in  height,  with  a  width  of  2*3  to  4  metres.  At  a  height 
of  I  to  I  '3  metres  from  the  ground  is  a  strong  grating,  through  which  the  lumps  of 
limestone  mostly  fall,  those  remaining  being  afterwards  broken  by  the  heat.  The 
oven  is  so  arranged  that  a  layer  of  fuel  and  a  layer  of  cement  stone  alternate. 
Coke  is  generally  chosen  as  fuel,  being  found  by  experience  best  adapted  for  the 
purpose.  After  the  mass  has  been  submitted  to  a  red  heat  for  one  hour,  it  assumes 
a  yellow-brown  colour,  and  at  a  higher  temperature  becomes  a  dark  brown.  Gra- 
dually the  lime  becomes  causticised,  and  enters  more  and  more  into  chemical  com- 
bination with  the  silicates.  At  a  white  heat  the  mass  becomes  grey  in  colour,  with 
a  streak  here  and  there  of  green.  If  during  the  operation  these  colours  are  shown 
at  the  several  stages,  the  resulting  cement  will  be  good  and  set  hard.  If  the  heat- 
ing is  continued,  the  cement  will  assume  a  blue-grey  colour  and  become  quite  use- 
less. If  removed  at  the  first  stage  the  mass  yields  a  yellow-brown,  light  powder; 
at  the  second,  a  grey,  sharp  powder  tinged  with  green.  Beyond  this  stage  the 
powder  is  blue-grey,  or  grey-white,  clear  and  sharp,  and  very  similar  to  glass- 
powder.  The  more  lime  the  mixture  contains,  or,  it  might  be  said,  the  more  basic 
the  mixture,  the  more  durable  is  the  cement,  and  the  less  it  falls  to  pieces  in  burn- 
ing. A  mixture  in  which  clay  predominates  is  always  more  or  less  a  weaker 
cement,  falling  to  pieces  readily,  or,  technically,  not  binding  well.  According  to 
Michaelis,  the  addition  of  lime  or  alkalies  prevents  the  cement  separating,  and 
renders  it  more  binding ;  but  in  practice  this  addition  would  not  be  sufficiently 
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economical.  The  more  intimately  the  elsy  oiid  limo  are  mixod,  the  larger  the 
amount  of  limo  that  may  ho  iticoi-poruted*  Prom  the  moment  of  stilleoing  till  tk© 
fmal  hardening,  tho  cement,  if  set  in  tho  air,  experiences  no  cliange ;  bnt  if  in  water, 
there  is  at  first  a  small  loss  of  the  more  soluble  constituents^ — the  alkalies. 

Portland  cement  mixed  with  water  to  a  pulp  stiflbns  in  a  few  minutes,  and  after 
the  elapse  of  a  day  sets  tolt?rnbly  haixl.  After  a  month  the  cement  sots  into  a  sub- 
stance BO  hard  and  finn  that  it  emits  a  sound  when  struck  by  a  hard  body.  It  is 
admirably  adapted,  when  mixed  with  sand  or  g^-psum^  for  being  cast  into  th»'j 
Tarious  architectural  oroaments,  and,  indeed,  has  from  this  property  been  termed  ^ 
artiiicnal  stone.  Lately  Griineberg  has  made  crystallizing- vessels  of  this  oementy 
and  Posch  employs  it  in  constructing  reservoirs  for  hot  fluids » 

MAnuftwrurc  of  Aitiflciai     'Hic  proccss  of  roanolactiinng  true  Portland  cement  being*  confined ' 
cttiDtnt  iao«niMiiy.    ^o  England  by  Jettens  patent,  the  cements  of  thia  kind  made  in  Ger- 
many may  be  considered  iw  artificial  cements.     They  result  hut  from  a  slight  Toriation  in 
metnod  only,  chalk  and  clay  or  mud  being  miicjd,  and  the  mixture  formed  into  bricks  or 
tiles,  then  burnt  and  ground  to  powder.     TliL*   cement   ansTYei-s  in  every  respoot  thfrl 
puq>osea  of   the  original  <^ement.      In  the  preparation   of  hydranho  mortar  a  mixture 
of  chalk  and  limo  id  oLso  used,  together  with  marl,  the  a.ihea  of  pit-coal  and  turf,  the 
ahLm-shale  and  almu-earih  re^^ultiug  from  alurn  manufacture,  burnt  potter's  earth,  broken 
purcolain,  pulverised  flint,  kv,     Chalcodony  cement  is  a  mixture,  invented  by  H.  FiiOiIIng  ^ 
(i87o\  of  I  volume  of  burnt  chalcodony  with  I  yelaniG  of  Ihne  and  2  volumes  of  whito  i 
^and.    Thi^  cement  h&a  a  ^lazc  much  reacmbHng  polished  marble.     Although  the  prin- 
ciples of  tli»^  hydraulic  nature  of  various  cements  and  mortara  are  known,  not  many 
experimentH  have  bci^n  made  in  verification.     The  elements  of  success  seem  to  lie  in 
a  due  regulation  of  the  heat  during  burning,  in  the  intlmato  mixing  of  the  ingredients; 
the  chief  principle,  the  chemical  ct)rabination  of  the  several  substances,  is  but  very  little 
known.     Of  the  various  uses  of  hydraulic  mortars,  we  have  nothing  to  do ;  the  conditions 
of  spplicabilily  are  : — 1.  That  the  proportion  of  25  per  cent,  of  clay  be  preserved  ;  2.  That 
the  clay  be  of  the  requisite  quality,  rich  in  silica,  finely  divided,  and  form  an  intimate 
mixture  with  carbonate  of  lime.     These  oonditioiis  are  very  seldom  entirely  fulfilled,  | 
I'ortland  cement  was  finit  introtluced  into  Germany  in  l$50,  hy  M.  Gierow,  of  Stettin; 
and  in  1S52  M.  H-  Bleibtreu,  of  Stettin,  erected  a  building  at  Bonn  in  which  this  cement 
was  largely  employed.     Since  that  time  there  has  hardly  been  a  building  in  the  erection 
of  which  I'ortland  cement  was  not  used. 

M.  W,  Michaelifl  gives  the  following  anolyaes  of  Portland  cementa,  the  aamplca  beinip^l 
free  ^m  water  and  ourbonio  add : — 


lime      . .     . .  59*06 

SiHoio  acid    . .  24*07 

Alumina        . .  6*92 

Oidde  of  iron  3*41 

Magnesia     . .  0*82 

Potaah  . .     . .  073  \ 

Boda     .,     ..  087  j 
>  Sulphate  of  lime   2*85 

Oay   \  ,.^- 

Sand  ]         *  *  *  ^^ 


{077 


0*46 
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No.  I  11  Portland  cement  from  White  and  Brothers,  analysed  by  Michaelis.    No.  2  m 
rBtettin  oement,  analysetl  by  Michaelis.   Nu«.  3  and  4  are  Wildauer  cemenlB,  No.  5.  known  j 
[•us  Star  cement ;  and  No.  6,  another  Stettin  cement,  by  tho  §ame  analyst.      No.  7  ia 
iBngUsh  cement.    No.  B  cement  from  works  near  Bonn,  both  analysed  by  Hopfgnrtner. 
r  Ko«  9  is  a  strong  and  porouA  cement,  analysed  by  Feichtinger. 

An  analytio  i:omparisou  of  German  and  En^UMh  cements  will  be  Interestiuj^.  Gcrmai] 
Portland  oement  ha^  the  same  eolour  aj)  Enirliidi  cement^  and  similarly  hardens  under'] 
init«r  to  the  same  deprrec  of  durability.  Under  the  mioroficopo  both  possess  the  samtl 
fohattMl  and  ulaty  appearance.  Tlie  Mjecific  weig-ht  ia  in  both  ea^c*!  the  same.  A  peculiar  j 
tnarl,  Kufstc^in  marl,  is  found  in  the  Tyroi,  near  Kuf stein,  yielding  an  excellent  oement,  of  ^ 
wfaloh  Feichting^r  gives  tho  following  notice  :^'*  Kufstein  Portland  cameni  is  a  natural 
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bydraulic  lime,  unlike  English  Portland  cement,  which  is  an  artlfioiol  hydraulic  lime.  It 
is  the  product  of  burning'  a  marl  found  largely  in  most  Alpine  districts,  aud  in  every 
Applicable  condition  similar  to  English  Portland  cement.  The  following  is  an  analysis 
of  this  marl : — 

,  Carbonate  of  lime 70*64 

Constituents  /  Carbonate  of  magnesia i  -02 

soluble     in  J  Oxide  of  iron     2-58 

hydrochloric  \  Alumina       2-86 

acid  Gypsum       0*34 

VWater  and  organic  substances        ..     ..       079 


Total  constituents  soluble  in  hydrochloric  acid   . .  78-23 

Constituents    (  a\™:««      '^  ^o 

,  V 1    •       I  Alununa      -2-08 

insolublem      Oxide  of  iron T-4o 

\  Soda 0*82 


Total  constituents  insoluble  in  hydrochloric  acid  2177 
The  quantity  of  the  insoluble  constituents  amounts  only  to  2177  per  cent.,  while  most 
marls  contain  much  more  clay ;  in  practice,  however,  the  clay  is  increased  to  25  to  30  per 
cent.  The  Kufstein  marl,  differs,  too,  in  the  chemical  comjKJsition  of  the  clay,  and  as 
is  known,  the  constitution  of  the  clay  greatly  affects  the  qualities  of  the  cements.  A 
comparison  of  the  two  clays  will  therefore  possess  interest.     In  100  parts  of  silica : — 

ClaJ-  from  Clay  from 

Kufstein  marl.        Medway  mud. 

Alumina       I9'34  I7"0 

Oxide  of  iron      879  21*6 

Potash 3*45  28 

Soda ..  515  30     . 

3673  44*4 

These  analyses  show,  that  with  the  clay  of  the  Kufstein  marl,  a  large  quantity  of 
important  bases  enter  into  combination,  more  than  possessed  by  the  clay  of  the  Medway 
mud.  Therefore  the  clay  of  this  marl  may  bo  more  readUy  smelted  in  a  small  fire.  The 
small  quantity  of  magnesia  contained  in  the  Kufstein  Portland  cement  probably  is 
productive  of  good  effect ;  all  good  hydraulic  .cements  contain  but  little  magnesia." 

The  mention  of  concrete,  so  largely  used  in  England  where  a  good  weathering  mortar  is 
required,  must  be  included  in  that  of  cements.  Concrete  is  a  mixture  of  ordinary  mortar 
with  stones,  grit,  broken  brick,  tiles,  &c.  To  the  concrete  is  generally  added  Ume,  and 
then  the  whole  mixed  with  two  to  three  times  the  quantity  of  fine  sand.  Pasley  tells  us  that 
a  better  product  may  be  obtained  with  l  part  of  freshly  burnt  lime,  in  pieces  not  larger  than 
the  fist,  3i  parts  of  sharp  river-sand,  and  i'5  parts  of  water,  the  whole  being  well 
mixed.  The  bricklayer  prefers  to  mix  the  dry  materials  and  then  add  water,  the  concrete 
in  this  manner  taking  a  longer  time  to  harden,  and  admitting  of  greater  care  being  taken 
to  fill  all  interstices.  The  several  uses  of  concrete  are  too  well  known  to  need  mention. 
The  employment  of  unslaked  lime  in  the  preparation  of  concrete  was  first  introduced  by 
Mr.  Smirke,  of  London,  to  whom  also  its  employment  as  a  foundation  to  brickwork  is 
mainly  due. 

Hjdr?uii^Mor?i2i.  ^®  hardening  of  hydraulic  mortars  has  often  been  the  subject  of 
investigation.  Two  views  mav  be  taken :  first,  the  mere  setting,  the  congealing  of 
the  mass  from  a  fluid  state  to  a  modemte  degree  of  hardness ;  and  then  the  harden- 
ing to  a  stony  state.  The  knowledge  we  possess  of  the  setting  of  these  mortars  is 
chiefly  due  to  the  experiments  of  Von  Fuchs,  Yon  Pettenkofer,  Winkler,  Feich- 
tinger,  Heldt,  Lieven,  Schulat-Schenko,  Ad.  Eemeto,  Heereen,  W.  Michaelis,  and 
Von  Schoenaich-Carolath.  The  cements  when  thus  considered  are  best  divided  In 
two  classes : — The  first  class,  of  which  Eoman  cement  is  the  type,  embraces  the 
mixture  of  caustic  lime  with  pozzuolane,  pulverised  tile,  and  brick,  and  such 
hydraulic  mortar  as  is  obtained  by  burning  hydraulic  lime  and  marl.  AH  the 
cements  contain  caustic  lime  unacted  upon.     The  second  class  comprehends  Port- 
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liuid  cements,  containing  no  frosli  caustic  lime.  M,  Von  Fiiclis  has  explained  the 
ohemieal  actions  taking  place  during  the  hardening  of  Roman  coments  as  being 
princlpallj  the  combination  of  the  lime  with  ailicic  acid,  the  combination  giving 
rise  to  tho  pecxiliar  property  of  hydraulic  mortars.  He  draws  thia  conclusion  partly 
from  tho  fact  that  from  all  hydrauhc  mortars  the  silica  can  be  thrown  down  as  an 
insoluble  gelatinous  mass  by  the  action  of  carbonic  acid, 

A  similar  gelatinous  mass  results  from  the  combination  of  silicic  acid  and  lime. 
Silicates  do  not  yield  when  treated  with  hydrochloric  acid  alone,  gelatinous  silica, 
but  attain  this  property  when  subjected  for  a  length  of  time  to  the  influence  of 
lime  under  water ;  the  water  also  dissolves  out  the  alkalies.  Kuhlmann,  who  has 
long  been  employed  in  tho  study  of  the  chemistry  of  hydraulic  cements  and  arti* 
iicial  stones,  sttiles  that  Hme  can  bo  roiider£?d  hydraulic  by  the  intimate  mixture  cf 
lo  to  12  per  cent,  of  an  alkaline  silicate,  or  by  treating  with  a  water-glass  solution. 
Collecting  the  results  of  those  experiments,  the  sotting  of  Eoman  cement  appears 
due  to  tho  combination  of  acid  silicates  or  siUca  with  bm'nt  hme,  forming  a  hydrated 
silicate  of  lime  intermixed  with  the  alumina  and  oxide  of  iron. 

The  hardening  of  roiiland  cements  has  been  investigated  by  Winkler  and 
Feich linger.  According  to  the  former,  the  chemicfll  action,  which  is  effect*3d  under 
the  co-operation  of  the  wijter,  consists  of  the  separation  of  the  silicates  into  free 
lime  and  combinations  between  the  silica  and  the  calcium,  the  alumina  and  the 
calcium.  Tho  separated  lime  combines  with  the  carbonic  acid  in  the  air  to  form 
carbonate  of  Hnie.  The  hardened  Portland  cement  contains  tJie  same  combinations 
as  hardened  Homan  cement ;  these  C4>mbinations  are  formed,  however,  under  the 
influence  of  water  on  opposed  conditions.  From  the  results  of  Winkler^s  experi- 
ments it  would  appear  that  the  silicic  acid  in  the  Portland  c^^ments  can  be  repre- 
aeated  by  alumina  and  oxide  of  iron.  Alumina  does  not  affect  the  hardness,  but 
may  lessen  the  capability  of  the  cement  to  withstand  the  action  of  carbonic  acid* 
During  the  hardening  tho  intluence  of  the  water  separates  the  lime,  till  finally  the 
combinations  CajSi^Og  and  CaAl^O^  remain,  tho  latter  being  gradually  decomposed 
b}^  carbonic  acid,  rt^moining,  however,  so  long  as  there  is  any  hydrate  of  limo  in 
the  cement.  G.  Fcichtiuger  maintains  a  theory  differing  from  that  of  Winkler. 
His  experiments  lead  him  to  the  opininn  that  in  all  hydraulic  mortars  tho  harden- 
ing dejiends  upon  tho  chemical  combination  between  limo  and  the  silica,  and 
between  lime  and  the  silicates  contained  in  tho  cement.  In  all  hj^draulic  cementa 
&ee  limo  is  contained :  and  upon  this  lact  we  may  base  tho  following  experi- 
ment«.  When  Portland  cement  is  brought  to  a  pulp  witli  a  concentrated  solution 
of  carbonate  of  ammonia,  find  stirred  for  a  long  time,  no  hardening  is  traced,  tho 
greater  part  of  tho  lime  forming  carbonate  of  lime.  Then  let  the  excess  of  car- 
bonate of  ammonia  be  washc*d  away,  tho  cement  dried,  and  made,  into  a  mortar 
with  pure  water.  This  mortar  will  not  harden  imless  somo  hydroxide  of  limo  be 
added,  when  it  hardens  similarly  to  fresh  mortar.  The  same  result  may  be  obtained 
by  substituting  a  stream  of  carbonic  acid  gas  for  the  carbonate  of  ammonia ;  by 
this  means  27  per  cent,  of  carbonate  of  lime  may  bo  obtained,  Consotjueutly  the 
views  of  Winkler  must  be  regarded  as  tho  most  correct.  These  experiments  also 
show  that  in  Portland  cements  sihcates  or  fi'ce  silica  are  contained ;  that,  further, 
ffOQ  lime  does  and  must  exist.  Portland  cement  will  not  take  a  glaxo,  and  can 
Duly  be  so  fiou:  affected  by  burning  as  to  cause  the  sintering  of  the  clay  contained  m 
the  cement. 
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Gypsum  and  its  Preparation 

ooeoirence.  (jypsuui  13  a  hydrated  sulphate  of  calcium  according  to  the  formula 
0aS04  -|-  2H2O.     100  parts  contain  : — 

SxSn     :;     ::    ^.^-glSulphuncacid..     ..    46-5X 
^^  '^    'Water 20-93 

lOO'OO 

It  belongs  to  the  commonly  occurring  class  of  minerals,  and  is  found  alone  or  with 
anhydrite  (karstenite,  CaSO^)  in  strata  chiefly  of  the  tertiary  formation.  The 
following  kinds  are  distinguished:—!.  Gypsum  spar,  foliated  gypsum,  glass-stone, 
isinglass-stone,  or  sclenite,  possessing  a  very  perfect  cleavage,  and  allowing  fine 
laminoo  to  be  separated.  2.  Fibrous  gypsum,  or  satin  spar.  3.  Froth-stone,  a  scaly 
crystalline  gypsum.  4.  Granular  gypsum,  or  alabaster,  of  coarse  or  fine-grained 
texture.  5.  Gypsum  stone,  plaster  stone,  or  heavy  stone,  a  himinated  gypsum. 
6.  Earthy  gypsum,  or  plaster  earth. 

Nature  of  Gyp«um.  Gypsum  is  solublo  in  445  parts  of  water  at  14°  C,  and  in  420  parts 
at  20*5**  C. ;  the  solubility  is  increased  by  the  addition  of  sal-ammoniac.  Its 
behaviour  imder  the  influence  of  heat  is  important.  Graham  states  that  gypsum 
placed  in  a  vacuum  over  sulphuric  acid  and  heated  to  100'  C,  loses  half  its  water, 
forming  the  combination  CaS04-f-IIaO,  with  12*8  per  cent,  water.  According  to 
Zeidler,  the  statement  that  this  combination  does  not  harden  with  water  is  incorrect. 
By  heating  to  90°  for  some  time  15  per  cent,  of  the  water  may  be  expelled ;  at  170°, 
according  to  the  experiments  of  Zeidler,  all  the  water  will  be  given  ofi*.  But  of 
more  importance  are  the  experiments  not  carried  on  in  vactio.  In  the  air  gypsum 
begins  to  lose  its  water  at  100°,  and  the  loss  is  not  complete  under  132**.  Gypsum 
from  which  all  the  water  has  been  removed  is  termed  burnt  gypsum,  or  spar-lime ; 
it  has  the  property  of  re-forming  with  water  the  same  hydrate,  then  becoming 
hardened.  Advantage  is  taken  of  this  property  in  the  application  of  gj-psum  as  a 
mortar.  According  to  Zeidler,  gypsum  as  technically  employed  in  stucco-work,  &c., 
is  not  anhydrous,  but  contains  5*27  per  cent,  water.  If  gj-psum  is  "  over-burnt,"  that 
is,  heated  above  204',  it  loses  the  property  of  hardening  with  water,  probably  owing 
to  the  fact  of  its  being  converted  into  anhydrite,  which  does  not  re-form  with  water. 
The  water  of  crj'stallisation  of  the  gypsum  is  saline,  and  consequently  can  be 
removed  by  the  addition  of  salts ;  this  probably  accoimts  for  the  hardening  of  unbumt 
gypsum  when  treated  with  a  dilute  solution  of  sulphate  or  carbonate  of  potash,  &c. 
The  hardening  in  this  follows  more  quickly  than  with  burnt  gypsum  and  pure 
water.  With  sulphate  of  potash  a  double  salt  is  formed  according  to  the  formula 
K2SO4  -|-  CaS04-i-  H2O)  ;  gypsum  and  bitartrate  of  potash  gives  rise  to  tartar  and 
crystalline  gypsum.  Chlorate  and  nitrate  of  potash,  as  well  as  sodium  salts,  do  not 
effect  the  hardening  of  powdered  gypsum.  Gypsum  thus  hardened,  if  re-powdered 
and  again  treated  with  sulphate  or  carbonate  of  potash  solution,  hardens  once  more. 
Technical  use  is  made  of  this  property  in  re-hardening  old  or  in  hardening  gypsum 
not  sufficiently  burnt,  by  employing  instead  of  water  a  solution  of  carbonate  of  potash. 

TheBuvntogofOyptiua-  Gypsum  is  bumt  to  cficct  the  removal  of  the  water.  Lately 
many  improvements  have  been  made  in  the  methods  of  burning,  it  having  been  {otjliA 


334 


CBEMICAL    TMCBNOLOGT, 


that  the  goud  qualities  of  the  gypsum  mainly  depend  upon  the  proparation.  Thero 
IS,  however,  a  choice  in  tho  Btono  to  be  hurntj  the  heavier  and  denser  varieties  of 
gypsum  yielding  tho  best  commercial  article, 

Payen,  by  experimentiDg  with  largo  quantities  of  gypsum^  obtained  the  following 
results: — ((i*)  The  lowest  teraperatni-e  at  which  tho  gj'pBum  can  bo  burnt  with 
ailvantage  is  So^  C,  a  long  time  even  then  being  requarod.  {h.)  A  temperature  oi 
1  lo^ — 1 20"  yields  the  best  t4!chnical  preparation,  (f .)  In  order  that  the  burning  may 
take  place  ctjually,  the  gypsum  should  bo  first  reducftd  to  prawdcr  ur  suiuU  pieces. 
The  aim,  of  course,  is  in  all  cases  to  obtain  a  small  homogeneous  product  rather  thjin 
a  lai*ge  quantity  unequally  burnt.  8mall  quantities  of  gypsum  may  bo  burnt  in  on 
iron  vessel  over  a  coal  fire :  tho  operation  should  be  continued  till  no  aquooua  vapour 
m  condense<i  on  a  oold  glass  plate, 

Xftn»,<wr  Bnfninf  otcm.  In  htfgo  quantities  gj'psiiin  u  burnt  in  an  oven  or  kiln,  the  one 
necessary  precaution  being  to  avoid  arranging  the  layers  of  gj^psum  with  such  fuel 
as  will  reduce  the  gypsum  to  sulphurct  of  limo  (CaSO^  +  40  =  CaS  A-  4CO), 
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A  very  simple  and  very  goaeral 
construction  of  kiln  is  shown  in 
Fig,  I  S3.  It  consists  of  walls  of 
strong  masonry,  A,  spanned  by  a  fiat 
arch  J  veatilatetl  at  a  a  a»  lii  this 
room  is  placed  the  gypsum  only,  the 
fire  being  lighted  in  a  scries  of  small 
chambers  in  the  lower  part  of  tho 
room :  brushwood  is  the  boyt  fuel. 
&  is  a  door  through  which  the  ma* 
terial  is  intrtLHiuccHL  The  oveu 
(Fig.  184)  used  by  M.  Scanegutty  is 
very  similar.  Tho  inner  room  ia 
divided  unequally  by  an  ait^,  p. 


Fio.  184 


0YF8WM, 


S35 


Fio. 


Pio.  iS6. 


about  1  foot  &om  the  floor ;  into  tlie  upper  part  tlio  •;;^'psum  is  Introdiicod  tlirougli  \hf^ 
d*x>r  Or  Tho  under  part  m  fire-room  is  in  conacH?tiou  with  a  flue»  E,  of  a  furnace, 
A  Ky  tho  flamea  from  which,  driven  by  tho  drau^jrUt  frtjin  the  gallery  C»  are  carriod 
through  X  to  play  ujxiu  the  arch  p,  tho  hot  air  and  g^a«es  passing  Ihroiigli  c  c  c  into 
tho  upper  room.     The  aqueous  vapour  cscaptjs  through  ii. 

Lately  XhimeAnil's  ovcu,  tdicnm  in 
plmi  at  Fig.  185,  and  in  ftoction 
ri^,  t86,  has  been  mudi  employed. 
It  somewhiit  rcHomlile^  Scane^tty'i 
oven  in  ooDStruetion»  and  con»L»t«  of 
an  under  iire-roaja  find  an  npivor 
room  or  oven  in  which  the  inrpsani 
IB  burnt,  Tho  fire-room  contains  an 
ash-pit,  A,  with  a  door,  u,  a  grate  or 
grid#  Oi  and  tho  hearth,  n,  A  draiipht,  - 
H,  aaiifU  the  oombuHtion.  Tho  hot  ' 
air  and  gases  pass  by  the  dues,  e,  to 
the  chamber,  f.  The  walk  of  the 
oven,  J,  K,  L,  are  of  solid  masonry. 
t  is  a  dc^th,  furnished  with  a  etair- 
case,  if  hf  to  facilitate  aooesa  to  the 
furnace,  r,  the  chimney,  i»  of  iron 
plate,  TMth  ft  clack,  o,  whioh  can  bo 
regrulatt^  by  the  chain  V  v,  o  o  are 
ventilating  pipes.  In  the  vinW  of  the 
bumingr-room  are  two  optmingfl ;  one, 
3C,  through  which  admittance  to  the 
interior  in  gaiiud  to  plate  the  lower 
layers  of  g-ypfiura ;  tho  otJier,  a%  for 
tlie  upper  luyera  ^f  gyptium  :  b<jth  are 
closed  by  doonj  of  iron  plate.  An 
equal  heat  u  necessary  in  tho  buming- 
nomp  and  i«  TnAintainod  by  the  pe- 
Oiiliar  an  '  of  the  chamber  f. 

TOia  ehns  I  at  tho  top  by  the 

eti^^  o,  ir«  i .  r^.s^-J.  with  twelve  open- 
ings, each  07  metre  high*  tho  dukm  ber 
itself  being  t  metre  in  diameter.  Ttie 
chunueld  thus  commenced  by  tho 
openinj?3*in  y  are  continued  to  tho 
walls  o\  tho  room  by  tho  arrangement 
of  largo  blocks  of  grj'p'ium*  Tlvo  layers 
i*f  gypsum,  n,  s,  t,  aro  placed  cross- 
wise alternately  with  intermediate 
layers,  so  as  to  facilitate  tho  draught 
in  overj'  possible  way.  The  firing  is 
continued  grently  for  four  hours,  then  Htrongthened  for  eight  li  :  :ill  the  openinga 

sre  eloftod,  und  five  to  six  cubic  metrofl  of  coanso  gypsum  I>f^W(i^  r  v^tir  ii'l  equally  ox^er  the 
top  of  tho  btuming  gypsum.  By  tliis  means  the  qnaTitity  of  burnt  gj-psmm  iii  increased 
Without  a  further  expenditure  of  fuel.  After  standing  twelve  Iioura'iii  the  oven  to  cxx>J 
the  nHiole  contents  aro  removed. 

orta«tn«  the  Qyv^m,  After  the  burning  the  gypsum  is  to  a  certain  extent  in  powder, 
but  if  not  sufficiently  even  it  has  to  be  ground.  The  usual  modes  of  grimling  are  in 
n  stamp  or  roller  mill.  After  grinding  the  gypsum  is  sifted,  and  |jlaced  in  soino 
position  where  damp  cannot  affect  it.  Sometimes  tho  grinding  and  sifting  are  con- 
ducted  in  one  apparatus;  generally  tbo  mill  and  sieves  are  separat^D. 

VMiororptttm.  Gypsum  is  emjdoyed  industrially  in  very  many  ways.  It  is  some- 
times used  nnbumt  in  building ;  it  i«  then  difficult  to  manipulate  with  wiitcr,  but 
l»ecome«i  flolubl  e  by  continued  moistening.  The  heavy  and  fast  fi  n  e-gra  ined  g vp«nm , 
OBpeoially  the  white  powdered  gypefum,  is  used  in  building  for  architectural  purposes* 


'""'"i.'^ateS''^' 
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From  tho  alaboiiter  of  Voltona,  Florence  Taeee  were  fabricated  of  great  beauty : 
Bamo  material  is  used  for  making  Eoman  pearls.    The  clear  rarieties  of  g  »'p<^Tim  i 
used  in  the  manufacture  of  cheap  jewellery,  being  gi-oimd  and  polished.  Tho  fibrous 
gypsum  is  Bometimoa  used  for  writing  eand^  as  a  subetituto  for  pounce,  &c.    Fina  j 
gypsum  powder  m  an  mgredient  of  porcelain  manufticture,  Unbumt  gypsum  finds! 
further  appHcation  in  the  convention  of  carbonate  of  ammonia  into  eulphato. 
Gj'jisum  contains  46*5  per  cent*  eulphuric  acid  and  18*6  per  cent,  sulphur.     It  is 
largely  employed  in  uju^rt culture  na  a  manure,  both  burnt  and  unbumt.     It  iflj 
generally  received  that  tho  favoui'able  action  of  tho  gypsum  upon  vegetation  ia  duo  J 
to  the  absorbed  ammonia  which  ia  again  yielded  up. 

Putridity  gives  rise  to  tho  formation  of    carbonic  acid,  which    combines  with  the 
lime    of    the    gypsum,    lea  ring  carhonnto  of    lime  and  Bulphnte  of  ammonia.      Tim 
explanation  of  the  efficacy  of  gypiram-diingin^,  a«  it  ia  termed,  i»,  however,  insufficient. 
TTie  invpstip^-Htions  of  Mayor  have  j^hown  that  in  clayey  soils  tho  oxide  of  iron,  &c.,  afSord*] 
luxger  and  better  combinations  with  ammonia  than  tlie  gypsnm.    Tlie  quanti^  of  gjp«nni1 
used  is  generally  about  5  cwts.  to  the  acre,  eontaining  und  realiftingr  at  the  moat  2^  cwta. ' 
of  carbonitte  of  junmeraia.    Mayer  a  reaeait^eff,  however,  show  that  ia  an  acre  of 

Field  land      , .         . .        227  cwts., 

Chalky  Boil  ..  ..  i5Scwts., 
of  ammonia  were  contained.  According  to  Licbig's  late  reseatx^he^  ('^^j)  it  appears  that 
the  gyp&um  g-ivcs  up  to  the  earth  a  portion  of  it^  lime  in  excliange  for  magnesia  and 
potaah.  But  it  must  be  borne  in  mind  that  pulverised  gyp«um,  as  well  u?  unbumt  gyp«ama 
when  broufl^ht  into  contact  ^-ith  a  solution  of  potaah,  sets  into  a  diffietdily  soluble  ] 
We  must,  then,  wait  for  an  adeqnat-e  theory  until  the  ieveral  reactioiu  have  been  jnca« 
oloaely  studied. 

OfpnwOMti,    The  emplojinent  of  gypsum  in  casting,  and  in  nU  cases  where  im- 
pressiona  are  required,  is  very  extensive.    A  thin  pulp  of  i  pai-t  gypsum  and  2 J  parti  \ 
■water  is  made :    this  pulp  hardens  by  standing,  forming  (0aSO4  +  2llj0).    The 
hardening  of  good,  well-bum t  gj*p«um  is  effectc*<l  in  one  to  two  minutes,  and  moi'e 
quickly  in  a  modcnite  heat.     Models  are  made  in  thi«  substance  for  galvano-pla&tic 
purposee,  for  metallic  castings,  and  for  ground  works  in  porcelain  manufacture.   The 
object  from  which  the  cast  is  to  be  taken  is  first  well  oiled,  to  prevent  the  adhesion 
of  the  gypsum.     Where  greater  hardness  is  required  a  small  quantity  of  lime  ia 
added :  this  addition  gives  a  very  marble-like  appearance,  and  the  mixture  is  much  , 
,  employed  in  architecture,  being  then  known  as  gyjisum- marble  or  stucco,  Tlie  g3rp-  i 
turn  is  generally  mixed  with  lime  water,  to  which  sometimes  a  solution  of  sulphate 
of  7inc  is  added.    After  drjnng,  tho  sui*face  is  nibbetl  down  with  pumioe-stoue, 
coloured  to  represent  marble,  and  polished  with  Tripoli  and  olive-oil.     Artificial 
Ksaliogla  work  is  largely  composed  of  gypmim.    Gypaum  is  also  largely  employed 
in  the  manufacture  of  paper. 

BiMentKvorojpwttin.  Thoro  aro  several  methods  of  hardening  gypsum.  One  of  the 
oldest  consists  in  mixing  the  burnt  gypsum  with  lime-water  or  a  solution  of  gum- 
arable*  Another,  yielding  very  good  results,  is  to  mix  the  gypsum  with  a  solution 
of  20  ounces  of  alum  in  6  i>ounda  of  water :  this  plaster  hardens  completely  in  15  to 
30  minutes,  and  is  largely  used  under  the  name  of  marblo  cement.  Parian  cement 
is  gypsmn  hardened  by  means  of  borax,  i  part  of  borax  being  dissolved  in  9  porta 
of  water,  and  tho  gypsum  treated  with  the  solution.  Still  better  results  aixj  ob- 
tained by  tho  addition  to  this  solution  of  i  part  of  ci'eam  of  tartar. 

The  hardening  of  gypsum  with  a  water-glo«<3  solution  is  ftjund  diflicult»  and  nci , 
better  results  are  obtnineil  than  with  ordinary  g}*psum.     Fissot  obtains  artificial 
etone  from  gypsimi  b}^  burning  and  immersions  in  water,  first  for  half  a  minute,  alter 
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wliioh  it  is  exposed  to  the  air,  and  again  for  two  to  three  minutes,  when  the  block 
appears  as  a  hardened  stone.  It  would  seem  from  this  method  that  the  augmenta- 
tion in  hardness  is  due  to  a  new  crystallisation.  Hardened  gypsum,  treated  with 
stearic  acid  or  with  parafi&ne,  and  polished,  much  resembles  meerschaum :  the  re- 
semblance may  be  increased  by  a  colouring  solution  of  gamboge  and  dragon's  blood, 
to  impart  a  faint  red-yellow  tint.  The  cheap  artificial  meerschaimi  pipes  are 
manufactured  bv  this  method. 
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The  Technology  of  Vegetaule  Fibue. 

Vogetable  fibre  or  cellulose*  C0IT10O5,  is  the  funjamontnl  constituent  of  tlio  stiiic- 
hir©  of  plants,  forming  a  large  proportion  of  Ihe  hoVuI  of  every  vegetable.  The 
fibres  of  the  bemp-plant,  tbo  nettle,  and  the  cutlon-j>lunt  are  long  ojid  flufTy,  and 
are  technically  termed  apmnmg  fibre?.  These  and  similar  fibres  are  employed  in 
fabricating  woven  tissues,  paper,  &c.  Treated  with  eiilphuric  acid,  celluloeo 
converted  into  dextrose  or  glucose.  The  pure  cellulose  constituents  of  wood, 
cotton,  Eflx^  and  paper  are  nearly  equal,  as  shown  by  the  folloisHng  analyses : — 
Materiiil  of  Celb,  Wood.      Cotton.        Flax.        Pajjcr. 

<^ftrhon 43*87        43*30        43-63.       43'87 

Hydrogen      6*23  6*40  6-21  6' 13 


Oxygen  . , 


49-90        50*30        50-16        5001 


100-00    100-00    lOO'OO    lOO'OO 

The  Tegetable  fibre  for  use  in  spinning  must  be  firm,  pliable,  easily  divided,  and 
capable  of  withstanding  bleaching  operations,  if  requircHl. 

Flax, 

Hm.  The  flax  used  in  spinning  is  the  fibre  oCthe  flax-plant,  Linma  mitaiusimumf 
a  plant  of  the  class  Pcntandrise,  order  Pentagynite,  in  the  system  of  Linnj^^us,  and 
the  type  of  the  order  Linaceoe  in  the  natural  s}*8tcm  of  Botany,  The  flax  is  gathered, 
tied  in  bunches,  and  dried  in  the  fields.  Alter  drying  the  plant  is  combed  with  an  ' 
iron  or  flax  comb,  to  sepamte  the  seeds,  and  is  then  bound  in  thick  bunches.  The 
tiax  fibre  used  in  linen  fabrication  lies  iindor  the  bark  of  the  plant,  and  is  sunounded 
by  a  gummy  substance,  or  pectose  according  to  J.  Kolb,  which  must  be  removed  by 
mechanical  means  to  fit  the  fibre  for  industrial  purposes.  This  is  done  by  **  softening" 
iir  *'  rottening,"  by  which,  according  to  Kolb,  pectin- fermentation  is  set  up,  and  tho 
peetin  converted  into  pectic  acid.  Tho  flax  is  kept  under  watc^r  until  the  impurities 
float  on  tho  surface,  leavijig  the  fibre  intact ;  this  is  the  soaking  methud.  Another  ( 
method,  dew -softening,  as  it  is  t4.*nned,  consists  in  spi-eading  out  the  flax  in  layers 
to  the  influence  of  tho  atmosphere,  water  being  oecasionally  thrown  over  tho  flax. 
iSoth  these  methods  aro  unsound,  aa  tho  flax  ia  liable  to  become  rotten^  while  the 
unpurities  iira  not  thoroughly  removed. 


VEGETABLE  FIBRE, 


3J9 


Hii*  w»«fTCie«a^.\  Aftor  many  experimenta  with  different  chemical  aubstanc^s,  an 
oUcaline  bath  and  diluto  sulphunc  acid  have  been  found  the  best  agontoto  efit3ct  the 
separation,  Tho  ilax  is  placed  in  largo  Tessels  of  water  heated  to  25*^ — 30*^  bj*  steam : 
after  Btanding  60  or  90  hours  tho  operation  ia  complete*  This  modo  of  treatment^ 
aided  by  an  alkaline  or  acid  solution,  yields  the  best  remilU,  tho  value  of  the  proresa 
being— I.  That  the  construction  of  the  fibre  is  t^qually  aiJected,  rendering  the  article 
better  suited  for  manufacture.  2.  That  tho  fibre  does  not  lose  weight  as  in  tlie  other 
methods,  where  10  per  cent,  is  sometimes  lost,  3.  That  there  ie  a  considerable  sa^Tjig 
in  expense. 


Fm.  1S7. 


B 


The  ftited  flax,  as  it  is  techni- 
cally termed,  consiBts  of  cellulose 
and  pectic  acid.  The  next  process 
is  termed   8ctUchin(ff  and   include sj 

I  separating  of  the  fibre  from  the 
dy  structmre  of  the  stem*  The 
achine  for  this  purpose  is  shown 
in  Pig.  187.  It  consists  of  two 
parts ;  the  upper,  B,  m  of  wood^  in 
the  form  of  two  splints,  working  on 
hinges.  Wooden  knives  are  placed 
under  the  splints,  and  are  arranged  to  aet  upon  the  fibre  placed  in  a  by  pressui-e 
upon  the  handle  c. 

Bniisf  or  BatUitff  tho  Flax.      ScutcMiiig  Consists  iij  two  opera tioxiB—bniiaiiig  Fi^:,  lS^S. 

the  flux  and  beating  away  the  woody  part  from  the  fibre.  For  the 
Latter  opfrotion  the  Bel|nan  latting-hamracTt  Figa.  iSS  and  189,  is 
generally  iii^^fh  It !«  a  deeply  groovrMi  wooden  block*  furnished  with  a 
long  curreni  handk\  The  shea?  of  flux  is  laid  on  the  ground^  untied, 
und  spread  ont>  aiiil  h  beaten  idth  tho  hammer  by  the  worknian.  If  the  flax  is  not  buM- 
mcntly  loo^ned  by  batting,  it  is  submitted  to  the  swinging  blook,  Fig.  190^  having  a  cut 


Fio.  189. 


Fia,  190. 


Fig,  191. 


> 


at  three-fourtha  of  its  height  serving  to  hold  about  a  handful  of  flax^  This  flax  ia  then 
bcatoQ  with  the  wutth-bladc,  Fig.  191,  a  piece  of  hard,  tough  wood,  g^erally  walnat- 
wood.     Instead  of  tho  swinging- block  a  grinding  knife,  Fig.  192,  ia  sometinies  used  on  nn 
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iron  blopk.  This  knift^  \a  formed  of  a  thin  blode^  o^  and  a  heavy  wooden  handle,  p.  A 
biinch  of  iin^E  U  held  iu  the  left  haDd,  at  an  aiig;le  for  the  eaaj  use  of  knifo  with  whicli 
the  flax  i»  l»etit<>n*  Notwithstanding  thoHe  clanfyinj^  pFOceasei  the  bark  BtiU  adheres  to 
the  ttjix»  whinh  ha*  to  nndcr^  a  further  operation,  that  of  oombingr, 

Titfivhing  thr  i'{,x\.      Tho  combiuK  or  hackliuy-  of  tho  flax  r(?mov«»fl  aU  the  material  detrimental 
to  the  idliniato  Hpimiinir  of  tlie  fthn-H,  and  also  equalises  their  leugth,  rendering'  them  j 
mnooth  and  paniUd.     Tho  combs  art'  made  of  zine  or  sted,  and  are  of  varying  degreea 
I  if  iinenei^flT  the  prDUf'SS  romnienrinor  with  a  eoarse  comb  and  finishing  with  a  fine  one, 

iVw^orTittRicd  Fibrt*.      However  carefully  tho  operation  of    sontching   may  bo  performed, 

thare  ia  alwaysi  a  certain  amount  of  waste  resulting  from  the  entanglement  of  the  fibre, 

I  mnd  this  wiu^te  \»  termed  s-cutehing-tow  or  codilla.     It  I*  Uiied  in  the  manufacture  of  ropes, 

and  for  mmil^ir  inferior  parpo.4o^.     Tho  flax  fibre,  before  it  ij  fitted  for  spinning,  haa  ta 

be  boilfni  in  an  alkaline  ley,  to  remove  the  dirt  and  grease. 

too  kilos,  of  cleansed  flax  weigh  after 

Bruising        45 — 4S  kilos. 

Soutt^hing      15— ^5    »» 

Combing ,  10    ^^ 

pwx  ftpiDAktf.  The  spinning  of  the  combod  flax  into  yam  ie  effects  by  hand  and 
by  machinery.  The  combed  flax  ib  first  placed  in  bands  of  equal  tbickness,  and 
then  stretched.  The  hand- spinning  wheel  ia  uniTersally  known,  Tho  mechanical 
spinningconaists  in— I.  Placing  tlie  fibres  iu  a  parallel  senea  of  eqnal  thickness 
and  length  througboiit.  2,  These  bands  are  stretched,  tho  finer  the  fabric  to  bo 
woven  the  greater  being  the  etrotcMng  requiix^d*  3.  By  further  stretching  and 
twisting  cord  ia  spun.  4.  Tho  fine  coi^  is  still  fui^her  stretched  and  twisted.  Tow, 
or  codilln,  ia  spun  similarly  to  the  flax,  being  previously  combed  and  placed  in  handd 
of  equal  length.  Flax  yara  is  either  used  unbleached  or  is  bleadied  beforo 
spinning.    Lioon  thread  is  obtained  by  twisting  several  cords  together. 

w«Tin«  tit*  Linen  Tbrcods,  By  wcaving  the  cords  parallel  to  one  another,  chain  corda 
tiro  spun.     Webbing,  wrappers,  and  thick  fabrics  are  made  in  this  way, 

ii»wi*  Linen  ia  produced  by  weaving  tho  twisted  coi-d,  The  selvage  ia  made  by 
the  return  of  tho  shuttle  on  each  side  of  the  fabric.  For  coloured  fabrics 
ooloured  threads  are  used  instead  of  white,  only  more  shuttles  are  required,  ono 
shuttle  to  each  colotir.  Linen  damofik  is  woven  in  various  patterns,  as  well  as  drill, 
the  difference  being  that  the  woof  forais  the  pattern  on  drill,  whilo  ehain-cord  is 
used  for  that  of  damask.  Batiste  is  a  flne  Hnen  cloth,  slightly  thinner  than 
cambric. 


Hemp. 

Hrtdfi.  Hemp  {Cafinubi*  tativa)^  is  chiefly  ooltirated  for  the  fibre  of  its  inner  bark. 
This  fibre,  although  rough,  is  vtry  hard  and  firm,  and  better  adapted  for  the  munufiicturo 
of  Mill  cloth,  canvaH,  rigging,  &o,,  than  any  other.  Its  uses  for  inferior  doiiieftic  piir^ 
pomin  are  manifold.  Tlie  working  of  the  hemp  stalk  acoords  eaaentially  with  that  of 
flaic,  being  e»teepcd  in  water,  dried  and  Graehed  in  a  hemp  miU.  By  the  old  methixl 
the  huak  is  erushi^d  under  a  large  stone  cone,  Fig.  193,  moving  in  a  circular  course  around 
a  vertical  axis,  Tho  ©onstmction  of  the  new  hemp  mill,  Fig.  194,  is  more  advantageous, 
Tho  hemp  is  purified  by  winno^^g  and  afterwards  combing.  It  is  difficult  to  npin 
on  aoootmt  of  its  length,  and  ia  woven  in  two  or  three  parts.  Of  late  various  foreign  fibrcn 
haife  bem  used  as  Mubetitutea,  principally  the  foUowing:^ 

Its  sntetitatt*.       o*  Stalk  Fibfg. 

T.  Chinese  grass  (Chmft^rtu  l^htHna),tL§hreivom  Urtiettt,  Ihehmtria  nivra  and  /fct^m* 
phiftla^  which  i'i  cultivated  in  China  and  tho  East  Indies,  Mexico,  tho  Valley  of  tho  Mi»- 
Hiasippi,  Cul>a,  tho  Waldonses  in  Rusnia,  tho  Bonth  of  Fmnrc,  and  in  Algicn).  The 
Chinese  method  of  treating  the  fibre  U  remarkable.  The  fibre  is  not  spun,  but  eat  into 
•pfwoprifltely  small  pieceK,  the§e  being  placed  end  to  end,  and  rolled  by  thehand  until  joined 
together.     The  fibre  ia  thus  roiled  quite  smooth  and  does  not  require  preming.     It  fomia 
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t  beautiful  tnxture  of  wngulur  briglihiofw,  call*>d  grass  liiipti,  or  Chim  ffi-ajts  cloth.    The 
raw  niateriid  is  of  a  gretn  or  brown  colour,  but  when  bleachetl  cuiii,  bfj  dyod  any  colour. 

Z,  Tlie  Uivut  Nettle,  JJrtica  s,  dimca.  The  interior  fibrous  pitli  8upplieA  tho  m^terml 
for  nettle  eloth  imd  muslin. 

3.  Ramit*  hemp,  from  Uriica  a,  Baehmeria  utilin^  is  of  the  nettle  species,  and  a  native 
of  Bomcfj,  Juvji,  Siimatrji,  and  other  ifttands  of  the  Indian  AreliifM*la^.  Of  late  vnriouj* 
experimoutd  ilh  to  it^j  mode  of  mannfacturo  have  been  tried  in  Germany.  It  is  frain 
one  to  two  metres  in  length,  of  a  delicate  golden  white,  and  not  bo  bright  and  sti^  oa 
flax. 

4.  Rhea  Grass,  Urtie^  i.  Ekm  tmacimim,  is  a  native  of  the  Bast  Indies,  of  little 
ralue  for  manufacture. 


Ft«.  193. 


Fio.  194. 


c 


5.  Jute  {pitut  /temp),  is  obtained  from  11  lime  tree,  a  native  of  the  East  Indiefi  and 
Ghana,  Corehorm  caprntarin,  C\  trxtiliit,  C,  uHtorius^  C\  niligmm.  The  fibre  for  ppinning-  is 
brown,  and  in  England  is  used  for  sackcloth  and  codree  pucking^  threiid.  It  ie  not  a 
material  adapted  for  purpo«»ea  of  nautical  application,  aa  it  has  nut  suMeient  iirmness  to 
withstand  water. 

6.  Bombay  Hemp,  from  Hik'sciu  cnmmbinus.  The  woody  fibre  of  this  plant  is  roasted 
and  separated  by  means  of  beating.     In  England  it  is  used  for  cordage,  rijrging,  &o, 

7.  Sun  Hemp,  Japan,  or  East  Indiun  Hemp,  from  Crvtolaria  Jnnrrtt,  resembles  other 
hemp  in  the  length  and  flmmeas  of  its  fibres. 

0,   Leaf  Fibre. 

8.  New  Zealand  Elaxes  {Phormium  tenajcS  are  used  in  their  native  country  for  articles 
of  domestic  ubcl  The  leaf  i^  straight,  the  fibre  tou^h,  and  of  a  shining  white.  The  pre- 
pared material  is  similar  to  ordinary  hemp  in  Tt]>ughnesa  and  t<ti:BneF§s. 

9.  Aloe  Hemp  is  a  native  of  Pom,  the  East  and  Wi^wt  Indies,  and  Mexico.  A, 
Am^ricana^  A,  Vivipmay  A.  Foetidn^  &c.,  where  the  leaf  ia  cultivated  for  its  fibre,  which  is 
generally  a  yt-Uow- white,  and  used  for  rope-making* 

10.  Moriillxi  Hemp  (Feather  Eibre)  coiaca  from  Mum  tcxtiti*^  M,  trnffiod*/tatum,  and 
Jf,  paradiatacfi,  a  native  of  the  East  Indies  and  many  islanda  of  the  Indian  An^hipelago. 
It  is  commercially  known  aa  a  yellow- white  or  brown-yellow  fibre,  from  13  to  22  metres 
long.  Tlie  intiido  bark  ia  stripped  off  from  the  Ixattom  upwards,  refined,  and  comljed.  The 
white  kind  is  silkj^  and  bright,  and  is  used  in  the  manulacfcur©  of  damaak  fumitur©  and 
various  fancy  articles, 

1 1.  Ananas  Hemp  comes  from  the  West  Indies,  Central  and  Stmth  Amerieo,  where  the 
oommon  Ananas  ia  cultivat^^^d,  Anamima  aativa  4.  Bromelia  an&na^f  as  well  as  other  epecaea. 
It  is  rather  inferior  to  some  for  spimiing. 

12.  Pikaba  Hemp  is  from  the  leaf  of  the  Attalia  funi/erUt  a  Brazilian  palm.  It  is 
used  in  rope-making 

13.  Cocoa*nut  Fibre  is  a  reddish-brown  fibrous  material,  in  which  the  coona-nut  shell 
{CficoM  Hueifera)  is  enveloped.  It  is  very  strong  and  elastic,  and  ia  used  for  matting,  ropes^ 
hurdlesi,  &o 
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COTTOK. 

Oaiuw.  Cotton  is  tKo  fruit  of  a  sliruLby  plant  of  the  species  Oosst/ptuni^  cultivated 
in  the  tropics  and  the  Southern  States  of  America  for  manufacturing  purposes.  The 
fruit  consists  of  a  cup-shapo«l  calyx,  enclosed  in  a  three- cleft  exterior  calyx,  bearing 
a  Boi't  white  down*  Another  species,  OoBsypium  rtlitjiosum,  bear«  a  yellow  down, 
us*h\  by  the  (.Ihineae  in  manufuctare.  The  do^yn  is  kept  separate  from  the  soed  when 
pii<!lsod  fur  travel linf>,  to  prevent  itt?  becoming  oily  and  unfit  for  use,  WliDe  in  a  raw 
state,  it  in  subjected  to  an  operation  burned  ginning  in  a  saw^gin,  to  separate  the 
wool  from  the  seed.  Whitney's  saw-gin  consists  of  i8  to  20  circular  saw-bladee, 
revolving  on  a  horizontal  axia  about  100  times  a  minute.  The  teeth  of  these  saws 
prtyect  through  a  grating*  eeijze  the  wool  and  pull  it  through,  the  bars  of  the  grating 
being  too  naiTow  to  admit  the  seed.  Twenty  saw-bhidea  will  clean  400  Ihs,,  and  80 
saw-blades  worked  by  a-horse  power,  500  lbs.,  raw  cotton  per  dziy.  Of  late  tho 
cainiiiig  cylindtr  is  sometitnes  used  instead  of  the  saw-gin.  In  America  oil  is  largely 
extracted  frtmi  the  seed,  30  lbs,  yielding  about  one  pound  of  oil.  The  soed  is  also 
used  for  manure. 

sp»<i«  ..f  ocuou.  The  quality  pf  ootton  ia  decided  by  ita  «nioothne«s,  anil  diKtingtti«hed  by 
the  country  from  which  it  is  importt^d.  The  various  kinds  are:— North  Amt^rican:  Sea 
Itdani],  or  Long  Georgia,  Orleana,  Upland,  Louifiianji^  Alabama,  TeimcfiseeT  Georgia, 
Virginia.  South  American :  Feniambac,  Balua.  Columbian  and  Peruvia.  West  Indian : 
Domingo,  Bahama,  Bartliplpray.  East  Indian:  DhoUcrah,  Surato,  Manilla,  Madras, 
Bengal.  I^evant:  3[acednuian,  Smyma.  Egyptian:  Mako  or  Jumel.  Australian: 
Queenahind,     European:  Spanish  and tSicilian- 

ctoitoo  sipitininf.      Before  being  spun  into  yarn,  the  cotton  has  to  be  subjected  to  the 

following  processes : — 

r.  The  loot*ening  and  purifying  of  the  raw  cotton  from  the  varioius  impu  "  h  aa 

sand,  grit^  &<?.,  is  accomplished  by  beating  with  the  hand,  or  by  the  Wcf  l»y 

meam)  of  a  cyUuder,  the  surface  of  which  is  covered  with  sharp  iron  iecih,  i ..,  i.  ,,^y,w  is 
Himilar  to  tht^  Wolf,  but  it  is  not  fumiahed  with  such  sharp  teeth.  The  fulltng  or  mlling 
Ttia«!hine  [hMteur  iftairur)^  and  the  beating  machine  {hatteur  ipbtcheur),  are  both  employed* 
Tho  beating  machine  loosenfl  the  cotton  that  waa  not  quite  opened,  and  allows  it  to  taSi 
tlirough  a  grid  beneiith. 

Tlie  Fulling  or  Kolling  Machine  {batttur  ftnhur],— The  mechanism  of  thianuiohiiw  ia 
amoother,  and  pidlft  in  the  cotton  moro  quickly^  working  it  into  fibres  of  tho  oonuilstolioe 
of  flax,  which  are  drawn  over  the  roller  and  af  torwaitis  carded,  A  new  machine  has  been 
pumjitructeil  under  the  name  of  V EpHrtUeut\  a  step  between  the  beating  and  eleaning 
marhine,  wluch  supplies  atlvantages  not  met  with  befoi'u.  The  Eparateur  ia  preferable 
for  the  manufacture  of  wadding, 

2,  The  Combings  or  Carding. — Before  the  eottcm  i«  placed  in  the  e^rding  machinei  it  iff 
pa'^sotl  under  u  wfwdeu  roUer  to  remove  the  siu^aeo  thread  and  other  sniall  unpiiritiet 
whii  li  fall  off.  After  the  rollingr  tlie  fibre  appears  like  a  delicat<?  flax.  The  next  operation 
i?*  tlii'  true  carding',  in  which  two  machines  are  uw?d»  tlie  coar?<?  comb,  a  revolTing-  wood^ 
drum  coveretl  witJi  steel  teeth.  Bud  the  fine  o»>mb,  which  finishes  the  separation  of  thw 
filaments  of  the  fleece.  The  combed  flf^*c<%  when  tt  leaves  the  ivirtling"  machine,  is  in  tl»e 
form  of  a  loose  riblxm  band.  It  is  now  submitted  to  the  doubling*  or  lapping  moehino, 
to  equalise  tlie  lenprth  of  the  bands,  the  canlin^  prt>eeAs  making  the  fleeec  loo«e  and  of 
uuf^ual  tdibetanro.  Of  late  the  fibres  are  M'parated  before  canting,  the  chief  distinction 
brrinw'  between  the  long  fibre  of  Geor^a  (Sea  Island),  and  the  finer  or  silky  fibres  of 
Flon-tt  silk. 

3,  'riic  Strechingr  '^r  Dra\rin|r. — Tlie  m»iehjne  effectinpr  tJiis  contdfttH  of  sometimes  two  to 
Slit  rollers,  but  usually  two  pairs  of  mml\  rollers,  over  which  the  ribbons  are  drawn  until 
tliry  are  of  ecpial  eubiitftnee. 

4,  Roving,  or  unwinding  the  ribbon  into  yam,  which  may  be  conaidcred  as  the  first 
pnxf^wi  of  spinning*  The  fleece  is  stretched  100  times  finer  than  it  was  before  drawing, 
and  tho  more  it  is  stretched  tho  finer  becomes  the  yam  for  spinning.  The  yam  is  strained 
liKisoiy  at  first,  in  proportion  to  its  length,  and  drawn  more  tightly  as  requiiHjd.  By  tliia 
pfOQMi  yams  oC  various  degree  of  fineness  are  easily  obtainedl    The  fiiBt  drawing  yields 
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eoarse  yam,  the  subsequent  drawingB  furnish  the  finest  and  most  delicate  yam  for  spinning. 
If  the  yam  be  too  fine  for  the  purpose  required,  as  in  the  manufacture  of  coarse  fabrics, 
several  card  ends,  as  they  are  technically  termed,  are  placed  together  from  the  first  drawing 
and  formed  into  one  ribbon ;  this  process  can  be  continued  unti}  the  required  texture  is 
obtained. 

Pine  Spinning.  The  yam  (twistj  is  now  rendered  firmer  by  means  of  the  throstle  and  the 
self-acting  mule  machine,  whicn  has  quite  superseded  the  Jenny.     To  the  mule  machine 

Yam.  we  owe  the  yam  termed  water.twist,  which  is  very  strong  and  indispensable  in  the 
manufacture  of  corded  materials. 

Cotton  Fabriffs.        Of  the  different  textures  in  which  cotton  is  employed,  we  have  thoee 

with  parallel  cords: — 

a.  Linen,  glazed:— i.  Calico,  cotton  and  linen  prints.  2.  Nankeen.   3.  Shirting. 

4.  Towelling  cambric.  5.  Scotch  cambric.  6.  Jaconet,  7.  Printed 
calicoes.  8.  Coloured  textures,  such  as  gingham,  cotton  barege.  9.  Various 
transparent  muslins,  such  as  Zephyr,  organdi,  vapour,  corded  mull  muslin, 
tulle,  and  gauze. 

b.  Cotton  materials  with  cross  cords:— i.    Huckaback.     2.    Cotton  merino. 

3.  Drill.    4.  Bast.     5.  Satin.    6.  Fustian, 
r.  A  rough  woollen  stuff  called  beaverteen»  resembling  fustian,  a  finer  moleskin* 
fL  Other  cotton  fabrics  are:~i.    Dimily.     2.   Drill  and  fustian.    3.  Cotton 

damask.  4.  Pique. 
€,  From  the  same  manufacture  we  get  cotton  velvet  (Manchester), 
snbstitatcfl  for  Cotton.  Substitutes  for  cotton  are  found  in  the  black  poplar  {Populus  nigra) 
and  the  aspen  {P.  tremula)  ;  the  fibres  of  the  latter  are  not  so  elastic  as  some  of  the  sub- 
stitutes discovered.  The  rush  {Juncus  effusua)^  the  Grerman  tamarisk,  and  the  thistle 
{Affrosfis)j  the  Salix  pcntandra^  the  Zostera  marina^  and  the  flax  tree,  supply  material  for 
manufacture.  Some  twenty  years  ago  Chevalier  Claussen  endeavoured  to  open  the  filaments 
of  flax  by  chemical  action  by  steeping  the  fibres  in  a  bath  of  i  part  sulphuric  acid  to  200 
parts  water,  and  then  dipping  it  into  a  weak  solution  of  carbonate  of  soda.  By  this  pro- 
cess the  flax  is  changed  into  a  downy  mass  resembling  cotton  in  lightness  ;  but  the  method 
was  not  successful,  as  the  firmness  of  the  fibre  was  injured,  and  its  value  deteriorated  in 
other  ways.  ^ 

"*S52S*fSlS.^     There  is  a  great  difficulty  in  detecting  cotton  in  linen  fabrics  when  1 
the  fibres  are  closely  interwoven.    The  old  method  of  testing  the  presence  of  cotton  in  I 
linen  was  by  placing  it  under  a  powerful  microscope,  but  chemicsd  analysis  presents    j 
more  reliable  methods.     The  following  tests,  recommended  by  Kindt  and  Lohnert,    \ 
proves  the  existence  of  cotton  in  linen  by  absorption.     The  linen  containing  cotton    * 
fibre  is  placed  in  a  bath  of  sulphuric  acid  of  1*83  sp.  gr.  for  i  to  i  J  minutes.     The    ■ 
cotton  fibre  is  immediately  absorbed,  the  sulphuric  acid  acting  upon  it  more  quickly 
than  upon  the  linen ;    the  fabric  upon   being  dried  has  a  curled  or  shrivelled  J 
appearance.  Other  fibres,  sheep's  wool,  silk,  and  flax,  are  now  treated  chemically, 
and  their  smoothness  and  glossiness  are  attributable  to  chemical  agency,  which  is 
found  to  bo  the  greatest  preservative  against  decay.    The  colour  test  of  Eisner  is 
useful,  but  not  always  successful,  on  account  of  the  transition  of  the  delicate  colours 
being  so  instantaneous  as  to  make  it  difficult  to  form  a  decision.    As  a  colour-test 
there  may  be  taken  half  an  ounce  of  the  root  rubia  tinctorum,  macerated  in  6  ounces 
of  alcohol  at  94  per  cent,  for  twenty-four  hours.   When  filtered,  the  tincture  appears 
a  clear  brown-yellow.   Pure  linen  fabrics  immersed  in  it  become  a  dull  orange-red, 
and  pure  cotton  yellow ;  the  flax  fibre  will  assume  a  yellow-red,  and  the  cotton  a 
bright  yellow,  the  fabric  appearing  not  uniform  in  colour,  but  streaky.    When  the 
fabric  becomes  so  unequally  streaked  as  to  make  it  difficult  to  discern  whether  it  be 
linen  or  cotton,  the  following  test  will  prove  decisive:— Place  the  streaky  fabnc  in  a 
Golution  of  spirits  of  wine,  and  then  In  a  weak  solution  6f  aniline  red,  by  which  it 
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becomes  oolourad,  and  Imally  let  it  rGmain  one  to  three  minutt^  in  a  weak  solutioti 
of  sal-ammoniac ;  the  colour  of  the  cotton  fibre  will  be  dUdpatiid  and  the  linon  will 
become  a  heautiful  rose-red.  Prom  Elsner^s  first  test  for  change  of  colour  th 
method  of  previously  colouring  the  linen  fabric  was  established.  Cochineal  wa 
selected  for  this  purpose,  and  the  linen  placed  in  a  weak  solution ^  chloride  of  ] 
being  used  to  prevent  the  colour  in  the  linen  nmning,  while  the  cotton  contained  in 
the  fabric  changes  colour  immediately.  Frankenstein's  oil  tost  for  nncoloured  fabrics 
can  be  recommended  for  its  simplicity  and  excellence.  The  fabric  is  dipped  in  olive 
or  rape-seed  oil ;  it  quickly  becomes  soaked  through,  and  the  surplus  oil  is  removed 
by  blotting-paper,  the  linen  fibre  becoming  transparent,  leaving  the  cotton  opaque* 
When  an  unbleached  fabric  is  tested  in  this  manner  it  appears  shining  at  first,  but, 
becomes  dimmer  in  the  parts  where  the  cotton  is  present.  A  truer  method  of  testing. 
however,  is  given  by  the  magniiying  glass,  Bottger  gives  a  test  with  potash,  ThI 
linen  fabric  is  immersed  in  a  concentrated  solution  of  potaah  j  in  about  two  minut<?8\ 
it  becomes  a  deep  yellow,  the  cotton  fibre  assuming  a  light  yellow.  - — 

Stockhardt  gives  a  spirit  test.  Linen  fabrics  are  placed  in  layers  with  lighted 
brandy;  the  linen  fibre  extinguishes  the  flame,  while  the  cotton  acts  as  a  wick, 
absorbing  the  sjiirit.  This  experiment  can  be  successfully  used  with  coloured 
materials,  with  the  exception  of  those  coloured  with  chron|||^;|rQllow,  chromate  of 
oxide  of  lead.  The  singeing  test  requires  the  most  delicate  treatment  The  fibre  is 
placed  in  a  glass  vessel  over  the  flame  of  the  spirit-lamp  until  it  becomes  a  light 
yellow ;  then  by  micro9('opic  examination  the  cotton  fibres  will  be  found  curle<l  up, 
while  the  fiax  fibres  ate  distended  and  cleai  ly  geparated  from  each  other.  Hemp  ami 
Bax  act  in  the  some  manneis  but  do  not  separate  so  much.    Nitric  acid  can  be  m^  • 


Fio,  196. 


Fio.  195. 
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applied  as  to  leave  the  fiax  fibre  unchanged  in  colour»  while  the  hemp  immediately 
beoomes  a  pale  yellow,  and  the  New  Zealand  flaxes,  Fhormium  Unax,  a  blood-red.  \i 
The  admixture  of  cotton  in  linen  fabrics  became  known  through  0.  Zimmernumn,  11 
who  tried  the  following  tost:— -Placo  the  fabric  in  a  mixture  of  2  parts  saltpetre  and 
3  parts  sulphuric  acid  for  eight  to  ten  minutes,  then  wash,  dry,  and  treat  with  alcohol 
containing  ether.  The  cotton  so  treated  is  soluble  as  collodion,  the  linen  fibre  Ls  not*  ( 
Separation  of  Animal  and  Vegetable  Fibres  by  Means  of  Singeing, — The  mixture^ 
is  placed  near  a  bright  flame  to  singe  until  the  hair  is  consumed,  leaving  a  black 
aahy  mass  in  the  same  proportion  as  the  fibre,  if  it  be  mixed  with  sheep's  wool. 


FAPER. 
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Animal  and  flaxon  fibres  are  separated  by  boiling  in  potash,  'wkidi  loosens  the 
dlameuta  of  wool  or  silk^  loaying  tbo  cotton  und  linen  fibres  uualt©re<L  Pohl  gives 
us  the  following  teat : — Pkuje  the  fibrea  in  a  ftolution  of  picric  acid  for  one  minute ; 
then  carefolly  wash ;  tho  wool  or  silk  filamonta  will  havo  turned  yellow,  the  cotton 
or  flax  fibre  remaining  white.  This  can  be  applied  to  mixed  fabnca  ;  but  the  most 
certain  method  is  under  the  microscope,  where  tholmen  fibre  appears  in  a  cylindiical 
form,  Fig,  195*  and  never  fiat.  It  is  not  stiff  nor  twisted,  and  is  cliiofly  characterifled 
by  the  narrowness  of  its  inner  tube,  Hemp  is  similar  to  flax  fibre,  being  easily 
broken ;  its  ends  branch  out  stiffly,  and  its  tube  is  open.  The  fibres  in  cotton  fabrics 
are  long,  of  a  close,  thin  texture,  like  a  twisted  band,  as  in  Fig.  ig6,  Sheep's  wool 
under  the  microscope  appeai-s  thicker  than  the  other  filaments,  having  a  perfectly 
circulnr  stalk  with  tile -shaped  scales,  as  seen  in  Pig,  197.  The  silken  fibre.  Fig.  198, 
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is  a  slender  column,  smooth  on  tho  exterior  and  eaaly  distinguishable  fit)m  wool, 
Fig.  200,  representing  a  mixed  silken  and  woollen  fabric,  as  it  appears  under  a  low 
power.    Wool  and  cotton,  Fig,  199,  are  also  easily  distinguished  from  one  another* 

Papeb  Hajono. 

mBtorjofi'aper,     Papor  IS  in  reality  a  thin  felt  of  vegetable  fibres  mechanically  and 

chemically  clarified,  crushed  and  torn  into  a  pulp  suspended  in  water.  This  pulp  m 

spread  equally  in  thin  layers,  drained,  pressed,  and  dried  into  the  compact  substance 

we  call  paper. 

Of  the  hiatory  of  paper  we  have  the  followitig:— In  very  ancient  times  men  engraved 
signs  upon  stone,  iron,  lead,  ivorv,  wood,  &e,,  and  hy  thia  meouR  handed  down  their  • 
thoughts  to  posterity.  Later,  palm  and  other  leaves  were  utwd  for  this  purpose,  also 
various  barks  of  trees,  especially  tlio  smobth  inner  Lark.  Tho  oH  Gc'rman«  wrote  upon 
hirch  bark,  and  there  is  still  an  old  Pagan  poem  in  existence  written  on  thij?  hark.  Otner 
nations  painted  with  a  broah  on  cotton  or  taffeta.  Indeed,  about  600  years  before 
Christ  tlie  Egj^tiana  prepared  the  Cyprus  grass,  Ct/perm  Paptfrus  or  Pap^jru*  antiqttoi^m, 
for  writing  purpostta.  This  grass  gfrew  from  2  to  3  metres  high  ;  epecimens  are  very  rare. 
In  the  time  of  the  Roman  Empire  it  was  tho  customary  means  of  conTeying"  intelligence, 
and  was  oonsidered  a  luxury  until  iioo  or  1200,  when  its  nm  was  discontinued,  A  cotton 
cloth  waa  then  substituted  imdtr  the  name  of  jjorchmGnt,  and  wa^  hold  in  great  favour  on 
Aoooont  of  its  BtrenjjTth.  Spanish  paper  was  much  psteenicd  untd  1200.  About  that  time 
Uk  attempt  wa»  made  to  mix  cotton  with  linen  rtjsr*.  Tlii«*  was  accomphslied  in  1318,  It 
was  not  well  known  in  Germany  until  1400,  although  tlie  first  account  of  ita  manufactory 
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19  in  I390»  wh^n  Kmr  opened  a  largfo  paper  mill  in  Nuremburg,  Lntcr  atill  we  ha?© 
mention  of  i  paper  mill  by  Shak&pe4ire  in  tlie  Swond  Part  of  Henry  ¥!.»  tJio  plot  of  the 
play  Wiiif^  Inid  about  a  lentiin-  before  tlio  timo  it  wa<*  written.  History  records  that 
♦Sir  John  Spkhiuin  owiiod  a  paptrniill  ncxir  Dart  ford  in  1588,  for  the  election  of  which  ho 
was  knighted  by  Queen  Klizubcth.  Since  this  time  the  mannfactnro  ha»  steadily 
progressed. 

PipS  M^nllnirtttre.  ^^  ^liiof  materiiils  of  paper  manufttctixro  are  tKo  wasto  rags  from  ^ 
flax,  hemp,  silk,  w<xd,  and  rottotu  The  lititm  ni^jra  are  mostly  in  request  for  makij]| 
the  best  und  most  duitible  white  writing  and  printing  paper.  Silk  and  woollen  rag 
are  unfit  for  this  purpose,  as  the  bleaching  material  "will  not  act  upon  animal  sub 
stances.  Cotton  in  a  raw  stuta  re^iiiires  less  preparation  than  hemp.  Rags 
clHflsed  under  different  denominations, — fines,  seconds,  and  thirdsj  the  latter  com- 
prising fuatians,  corduroys,  stamps,  or  prints  as  they  are  technically  termed.  The 
waste  refuse  from  the  wadding  machine  used  in  cotton  spinning  is  employed  for 
Bcribbling  paper.  Bibulous  papers,  such  as  blotting  and  filter  papers,  are  made  from 
wooUcn  rags,  on  account  of  their  open  texture ;  cotton  rags,  also,  make  a  spongier, 
looser  paper  when  immixed  with  linen. 

svtauttiic  far  rm»^  The  oonBumption  of  paper  in  Europe  has  more  than  doubled  within  the 
Iwt  fifty  years,  and,  owing  to  the  inefficient  supply  of  rags,  substitutes  had  to  bo  found  ] 
in  straw  and  wood.  The  Chinese  first  used  vei^etable  pulp  for  paper  raanofacturo.  The 
Inner  bark  of  the  bamboo  is  particularly  celebrated  as  aiibrding  a  paper  yielding  the  most 
deUeate  impresidoiLB  from  oopper-platc,  and  this  paper  was  originally  called  India-piool. 
The  Chinese  also  use  the  bark  of  tho  mulberry  and  elm  trees,  hemp,  rice-straw,  and  wheat* 
Among  the  straw  species  appears  tho  tnal^e  (Indinn  com),  from  tho  fibre  of  which  a  paper  is 
made  that  for  purity  and  whit-eneas  uaunot  be  equollt^L  Also  the  Audropofjon  ^Itfckhylum^ 
OT  Sur^hum  Mftrrharatum,  a  native  of  North  Amenoa,  is  used;  in  fatt  nearly  every  sj>c«iea  | 
of  tough  fibrous  vegetabl(%  and  even  animal,  ml:>stanco  has  been  tried,  but  of  these  straw 
has  b<^  moat  snccesi^fully  applitxl,  in  combination  with  linen  and  cotton  rags,  when  the 
nllea  eontainfid  in  the  straw  is  destroyed  by  means  of  a  strong  alkali.  If  the  straw  is 
not  properly  prepared  the  paper  will  be  brittle,  and  unfit  for  use.  The  nae  of  straw  is 
not  very  extciisive,  owing  to  the  extra  expeuK?  of  preparation,  and  its  waste  midcr  the 
prooeas.  It  is  used  for  mnking  common  brown  paper,  but  it  is  chiefly  used  for  piving  a 
■tHftlftfW  to  cheap  newspapcrii.  All  soft  woods  are  fit  for  paper-making,  t<uch  as  tlie 
tyemhling  poplar,  linden,  afspeii,  fir,  ko, ;  the  pine  is  of  too  reeinous  a  nature  to  tic  of 
much  value.  The  preparation  from  wood  is  made  in  the  following  manner : — Tht*  Imrk  is 
sawn  and  split  into  suitably-sized  pieces,  and  tlie  fibres  separat4?d  by  pressure  bttween 
horizontal  i^ers  copiously  supplied  with  a  stream  of  water.  The  water,  whieh  forma 
two- thirds  of  the  mass,  is  then  reniovcd  by  further  preasure,  generally  hydraiilic.  In 
1867,  Baahet  and  Machard  treated  tho  wcKxly  material  with  hydreehlorio  add.  Later, 
waste  wood  has  been  treated  ehemioally,  in  the  large  manufactory  of  Manaynnl^  of 
Philadelphia.  The  finest  wood  is  set  apart  into  lots.  No.  i  is  used  for  making  writing 
and  printing  paper;  No.  2,  wall  paper,  packing  paper,  and  inferior  kinds  of  printing 
paper ;  Nos,  3  and  4  for  label  and  pasting  paper,  Spanish  woodd  are  hvrgely  used,  on 
account  of  their  smoothness. 

xtn«ra]  Additioni  We  fiud  minerals  used  in  the  present  manufacture.  A  moderate  addition 
to  ib«  itBR*.  of  [^  mineral  body  to  the  paper  material  whitens  the  whole,  and  for  inferior 
or  ordinary  paper  is  succesafully  employed.  It  is  unfit  for  Ter>'  thin  paper,  making  it 
shiny  and  bnttlu.  A  profitable  addition  of  mineral  matter  is  from  5  to  10  per  cent,  of  the 
weight  of  pa^r,  a  grciiter  addition  making  the  paper  dull,  brittle,  and  hairy  to  write  upon. 
Tho  usual  nuneral  mixturos  in  frequent  use  at  the  present  day  are— clay  frte  from  sand, 
China  clay,  and  kaolin.  Aniline  pearl -hartlcuing,  dissolved  into  a  pulp  re$>tnibling  day, 
is  most  pwf erred,  being  not  so  expensive.  In  1S50  it  was  favourably  reooived.  under  the 
narne^  of  tixed  white,  raw  whit^?,  patent  whit<?,  or  permanent  white.  With  100  kihis.  of 
pitpi-r  pulp  15  kilos,  of  the  paste  i*  generally  employwl. 

M*Mof«tart^^  F«f«r  ij^j^  ^Jl^  method  of  making  paper  by  hand  was  from  tho  pulp  cf 
wa«to  pajKjr  placed  in  a  mould  of  the  requin?*!  mizo  ;  but  this  method,  »tltbough  still 
used  for  writing  paper,  was  found  to  restrict  the  mzo  of  the  sheets,  and  difToreut 
methods  were  tried  with  Tortod  succese,  until  a  machine  was  inyentod  which,  witliout 
tho  aid  of  moulds,  mnnufkctured  the  paper  in  any  length. 
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*^'***X'»i£.T^"^  The  Cutting  and  Sorting  of  the  Hags,  The  first  operation  is  per- 
fOTmod  by  two  machines,  called  the  half-hoUander  and  the  whole -hoUander,  The 
rags  are  next  troat&d  chemically  with  potash  to  rot  them.  By  the  old  method,  rags 
were  cut  intopicoos  ahout  4  inches  square,  by  being  dmwn  across  a  sharp  knife  6xed 
upon  a  tabic.  MaehiEer}'  has  miperseded  thi^  airangoment,  and  yarious  cutting 
machines  have  been  iuTonted,  among  which  we  may  mention  that  of  Mr.  Parey,  in 
which  a  horizontal  knife  reTolves  around  a  fixed  cylinder  cutting  the  rags  into  strips, 
Bennet's  cutting  machine  consists  of  two  kniyes  radiating  froin  a  wheel,  and  bearing 
against  another  knife.  Some  tnachines  are  constructed  with  a  quantity  of  circular 
sharp-edged  steel  plates,  like  the  machine  of  Uffenheimor,  of  Yienna.  After  cutting, 
the  rags  are  cleansed  from  dust  and  other  impurities  by  the  Willow  machine.  The 
best  kind  of  sifling  machine  is  in  the  form  of  a  drum  with  the  upper  part  covered 
with  a  wire  gi-ating.  The  rags  are  put  in  by  a  side  door,  wliich  avis,  as  the  dnim 
revolves,  as  a  refuse  door,  casting  off  the  sand  and  impurities?,  leaving  tho  rags  win- 
BOweJi.  They  are  next  boiled  in  an  alkaline  ley,  or  solution  of  4  to  10  pounds  of 
carbonate  of  soda,  with  one-third  of  quick -lime  to  100  of  the  matoriah  The  rags 
are  plaeod  in  large  cylindera  slowly  revolving,  and  causing  them  to  be  constantly 
turned  over.  Into  these  cylinders  a  jet  of  chlonno  water,  with  a  pressure  of  30  lbs. 
to  the  st^uare  inch,  is  directed.  H.  Volter  patented  in  1S59  a  horizontal  steam 
cvlindrr,  which  receives  the  steam  from  a  tubular  guide-cock  provided  to  tho  boiler, 
an  inner  cylinder  revolving  to  move  tho  rags.  The  ilistant  end  of  the  boiler  and  tho 
tubular  cylinder  draws  up,  and  tho  mass  is  eaaily  poured  into  tho  washing  macliine 
when  in  a  fluid  state  (Silbennan's  WashiBg  Hollandor),  Although  partly  cleansed 
by  the  above  metho<l  the  rags  still  require  further  boiling. 

flwSSi^ta'Srib*  wlS^^^^^^      The  machine  used  in  separating  and  rending  the  rags 

i.  The  German  stamping  machine. 
2.  The  rag  mill  (rolling  liollander). 
CI.  The  half-hnlknder, 
3.  The  wholo-hollandor. 
Formerly  the  rags  were  rotted  before  cnialiing:,  being  placed  in  a  stone  trough^  wbero  in 
two  or   tlirce   days  they  became  heated ^    and  developed  a   sh-ong  ainmoniflcal   odour. 
When  the  surfaeo  wa«  covered  with  a  mouM,  tho  rugs  were  »ufficiently  decayed  for  tho 
pnrpofte  of  inanufantnre.     They  were  then  tuken  out  in  a  brown  mass,  those  rrmuining 
behind  m  Bcdiment  bcmpr  used  for  coarse  paper.     The  prt-sent  method  of  boiling  tho  rags 
with  alkalies  ia  prf^ferablo,  giving  tbq  paper  greater  iinnnes^. 

Hump  M-chinr.  The  German  i^tamp  machine  ia  at  the  prest^nt  time  only  to  he  found  in 
emftller  nianufuctorics.  It  i»  of  the  nature  of  a  hammer.  Six  or  eight  Btarrip  roda  are 
fixe^l  into  a  strong  ofik  beinn,  and  work  intermittently  with  a  eet  below.  Through  an 
opi^nin^-  prorided  with  a  fine  sieve  the  wat^T  ia  conveyed  away  Aa  tho  hammerB  rise 
and  fall,  the  etump  holes  serve  for  a  water  conduit.  Three  to  five  haroraera  work  in  each 
hole.  The  rags  art?  mixed  with  sufficient  water  to  form  a  pulp,  and  reimain  in  the 
machine  12  to  20  honrs  and  more. 

Thi?  noUnnfl-T.  Tliehollandermill  is  fast  becoming  aunivomd  favouiito.  It  is  s^omewhat 
minihir  in  principle  to  thoBtamping  machine,  but  in  strength  and  speed  greatly  excels 
every  other  machine.  Fig.  aoris  a  hLilf-hollnnder;  Fig.  202  the  vortical  section 
through  the  lino  A  B.  Tlie  chief  characteristics  of  the  hollander  are:— i.  Speed  of 
revolution  of  the  trimming  knife.  2.  The  box  of  knife  edges  imder  the  revolving 
cylinder.  3,  The  tro\igh  and  revolving  cylinder,  4.  The  cap  or  partition  above  the 
trough  to  pi-eventthe  mass  being  cast  out  when  in  motion.  Tlio  trough,  c  c,  is  a  long 
oblong  cistern  of  cast-iron,  stone,  or  wood  lined  with  lead.    The  cover  rests  upon  a 
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partition,  x  x,  of  equal  h«^ight  witli  the  outside  wall.  Hie  maoliine  is  divided  into  two 
parts,  tho  workiag  side  in  which  the  raga  aro  torn  or  shroddod  between  the  knife- 
edges  on  tho  cylinder  nnd  those  in  the  box,  and  the  niunin^  sido  into  which  the 
ehredded  i^ags  aro  thrown  by  tho  revolving  cylinder.  Under  the  cybnder  is  a 
masBivo  oak  Ijlock,  f,  the  craw,  its  concave  enrface  comprising  the  fourth  part  of  tho 
circomference  of  the  cylinder.     The  sido  y  ifl  a  little,  and  z  much  indined*    Half* 
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way  between  h  i  are  two  strong  beamB,  /,  m,  eupjKjrting  the  metal  bearings,  in  which 
works  the  axle,  o  o,  of  the  cylinder.     From  the  roMor,  q,  a  numbens  of  cutters  run 
parallel  to  the  axis,    Tho  knives  are  of  soft  steel,  and  in  the  wholo-hollander  some- 
times bronsce.  Beneath  tliese  a  series  of  knives  is  placed,  against  which  the  rags  ar 
drawn  by  the  cylinder.    In  order  that  by  the  movement  of  the  cylinder  none  of  thft] 
material  should  bo  thrown  out,  a  cover  is  provided,  tho  dirty  water  thrown  upj 
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frdling through  tho  sir yts,  v  i\  im  I  ;     aji   ^  through  the  opt^uinj^^  gij.    Clean  water 
flows  in  fixjm  the  top  of  tho  hoUander.    The  washing  finished^  tho  water  pipe  Is  shut 
by  means  of  a  sliding  partition,  each  partition  having  an  inner  ouo  to  prevent  thf» 
pulp  passing  away.     The  rags  are  poured  into  the  tc^p   of  the  hollander  wit]|| 
the  requisite  quantity  of  water.    The  ix)ller  revolves  loo  to  150  times  a  minute,  the 
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JuAivea  cutting  more  readily  in  the  fluid.  Having  passod  tli©  cylindoig  and  the  lower 
eet  of  knives,  the  mass  iows  over  tho  steep  slopo  of  the  cruw,  z,  whilo  the  rollor 
contmues  its  work.  This  mode  hos  this  advantage,  that  tho  rags  have  an  imintor- 
nipted  floTT,  and  thot  all  parts  have  tho  samo  rcsistanco  under  the  roller.  Tho  work 
of  the  half-hoUandor  is  of  two  hours  duration  for  soft  and  clean  nigs^  a  longer 
time  being  reqniaitc  for  coarse  and  dirty  materials, 

BtoKbtBKtiMPiiip.  After  this  the  mass  ia  placed  in  another  machine,  the  wholo- 
hollander.  and  bleached  by  a  solution  of  chloride  of  lime,  chlorine  wubir,  chlorine 
gas,  or  other  bleaching  agents,  Tho  lime  is  I'et^iinod  in  the  machine  until  the 
raga  are  sufficiently  bleached ;  the  pulp  ia  then  let  down  into  long  slate  dstoms  to 
steep  before  placing  in  the  beating  machine. 

An  arrangement  for  bleaching  by  means  of  chlorine  gaa  is  exhibited  in  Fig*  203, 
The  gaa  passes  from  the  generator,  a  r*,  into  a  wooden  chamber,  a,  in  which  th© 
damp  pulp  is  arranged  on  sholvei.  These  shelves  have  openings  admitting  the 
chlorine  gaa  as  ahown  by  the 
arrows.  The  surplus  gas  escapes 
through  opening,  c,  to  a  reservoir, 
whiich  is  also  used  for  bleaching 
the  pulp.  The  pulp  is  then  re* 
moved,  washed  by  a  solution  of 
soda,  potash,  or  urine,  and  after 
standing,  worked  Tvith  antichlore,  a 
term  given  by  bleachors  to  any  salt 
that  nentaisea  the  peniicious 
after  effects  of  chlorine  upon  the 
pulp.  By  this  means »  in  each  100 
kilos,  of  half-stuff,  2*5  to  5  kilos,  of 
common  salt  is  developed  by  the 
action  of  the  chlorine  gas  upon  the 
soda*  When  bleached  by  chloride 
of  lime,  r  to  2  kilos*  are  applied  to 
100  kilos,  of  pulp.  \Mien  greater 
smootlinosa  is  req^uii'ed,  a  little  hydrochloric  or  sulphuric  acid  ia  added,  although  care 
must  bo  taken  in  its  use,  for  applied  too  largely  it  destroys  the  fibre.  Orioli  employs 
hypochlorite  of  aluminium,  known  by  tho  hame  of  Wilson^s  bleaching  preparation, 
chloride  of  alnminium  being  obtained  on  the  one  hand,  wbHo,  on  the  other,  all  the 
bleaching  effects  arise  from  the  delivery  of  ozonised  oxygtn  (Ali^TleO^  =30  +  Al^Cle). 
Varrentrttpp*8  hypochlorite  of  zinc,  under  the  name  o(  Yarrootrapp's  bleaching- 
powder,  is  worthy  of  notice  as  being  extensively  used.  In  this  powder,  chloride 
of  lime,  deoompotjed  with  zinc  vitriol,  or,  better,  with  chloride  of  zinc,  is  employed. 
When  bleached  by  chloride  of  zinc,  tho  mineral  acid  decomposes  the  chloride  of 
lime,  therefore  no  ri&k  is  incurred  by  the  fibre, 

AflUchiore-  ^Vhen  tho  bUrach  retains  chlorine,  it  ia  washed  in  soda,  p^^tash,  or  anti- 
chlore, to  neutralise  tho  adhering  hydrochlorio  acid,  which  merely  washing  in  water 
would  not  effect.  The  chief  constituents  of  antichloro  aro  sulphite  of  soda,  chloride  of 
tin,  and  hyposulphite  of  soda.  A  moleoule  of  Rulpliito  of  soda  (Na^O^  +  7H,0) 
removes  1  molecule  of  chlorine  (CI,),  whilst  hydrochloric  acid  and  sulphate  of  soda 
ore  formed.     A  mixture  of  sulphite  with  carbon  ate  of  soda  is  employed  to  neutra- 
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Use  the  hydrochloric  acid,  llio  sulphate  of  Boda  and  chlorido  of  aodimn  ftro  re- 
moved by  washing.  Sulphite  of  cuLlcium  is  greatly  approved,  and  is  considerod 
to  be  as  cff\?ctive  as  antichlorc*  when  applied  im  tho  carreiponding  sodium  salt  A 
molecule  of  tin-salt  (SnClaH-aUaO),  xa  tiiken  up  by  a  molecule  of  chlorine  (Cl^),  by 
which  chloride  of  tin  (SnCl^)  arises.  After  the  working  is  completed,  so  much 
carbonate  of  soda  id  added  as  is  required  to  saturate  the  hydrochloric  add*  A 
molecule  of  hyposulphite  of  soda  (XajSaOj+sHaO),  absorbs  4  molecules  of  chlorine* 
wlulst  sulphate  of  soda^  hydrochloric,  and  sulphuric  acids  are  formed.  Some  salts 
of  lime  are  also  oommercially  known  as  antichlore* 

luoeiiis  Notwithstanding  the  careful  chemical  bleaching,  the  pulp  has  still  a 
j*ellow  tinge,  and  requires  a  colouring  matter  which  is  generally  introduce<l  in  the 
process  of  beating.  The  blues  generally  used  are  ultramarine,  Paris  blue,  indigo, 
i&niline  blue,  oxide  of  cobalt.  With  100  kilos,  of  the  dry  paj^er  stuffy  0*5  to  i  '5  kUos. 
of  ultramarine  are  mixed,  according  U)  the  strength  of  the  colour  required. 

sisin*.  The  pulp  requires  sizing  to  preserve  the  colour.  It  is  guided,  as  it  issues 
from  the  hollander,  tlirough  a  tub  of  size,  and  afterwards  carried  over  skeleton 
drums,  containing  rGvolving  fans  to  dry  it  as  it  passes ;  heated  cylinders  are  also 
used  for  diying.  Starch  is  used  to  give  a  thicker  consistence  to  the  sizc%  which  is 
generally  made  from  the  best  glue,  roain  being  added  iu  quantities,  never  exceed- 
ing 3  kilos,  per  100  kilos,  of  pulp*  to  impart  the  desired  amount  of  stid^noss, 

a*  Hand  Paper, 

sifttiitBititePip«r«hctii.  Thoi^  are  three  ways  of  straining  or  filtering  the  pulp:^ — 
First,  by  straining  through  a  brass  sieve  ^nth  fine  slits  t<3  allow  the  pulp  to  pass,^ 
and  retaining  all  lumps  and  knots*  Secondly,  by  pressure ;  and  thii*dly,  by  evapora- 
tion. In  the  first  operation  the  sheet  is  formed  l»y  a  mould  of  the  size  requires! , 
being  dipped  into  a  tub  of  pulp  previously  strained.  The  pulp  becomes  distended  to 
a  thin  layer  and  the  water  filters  off.  The  tub  is  either  round  or  of  a  quadrangular 
shape  made  of  wood,  lined  with  load.  A  broad  boaixL  running  a<?ros8  the  tub  is 
called  the  bridge,  and  a  smaller  one  under  the  Urger  one  the  little  bridge.  Tho 
large  bridge  has  a  pointsd  support,  technically  termed  the  donkey,  for  the  form  or 
firame  to  lean  against. 

The  sifting  machine,  technically  termed  tho  knotter,  used  in  tho  manufacture 
of  hand-paper,  consists  of  an  upright  cylindrical  sieve,  in  which  an  inner  cylinder  ^ 
reTolves.  As  the  whole -stuff  is  taken  from  the  tub,  tho  remainder  becomes  massedl 
together,  and  steam  or  other  pressure  is  employed  to  force  the  pulp  through  the  aievei 
and  cylinder,  the  latter  retaining  the  lumps  and  knots.  The  paper  forms,  upon  which^ 
the  whole-stuff  is  plac<Ml,  are  construt^ted  with  brass  wires  to  allow  the  water  to  drain 
off,  retaining  the  pulp.    There  are  two  kinds  of  forms : — 

1.  Tho  Ribbed  form. — A  square  or  oblong  frame  of  oak  or  mahogany  with  parallel 
bra«8  wires  and  crosa  wires  at  intervals  to  stejidy  them.  Lined  paper  is  made  on  this 
form,  and  is  not  much  glazed  on  account  of  the  time  and  Gxpenae,  being  reokoned  an 
inferior  paper. 

2.  Ilio  Vellum  Form,— A  frame  of  finer  bmm  wire- work.    Volhuh  pap^r  ia  made 
this  form,  and  Ihia  11  delicate  even  Burfu(>v  ;  it  can  be  mode  to  preaent  nny  rlegroc  of  glott 
ness  by  pn'ssfin;^"  nt'd  ph tining.     Wlicn  lield  to  the  light  it  appcan  uniform,  not  poaseiflu 
bright  and  opnquf  lino*i  tia  in  tho  fortner  paper. 

A  ribWd  fonn  similiir  in  tho  vt'llimi  form  is  employed  in  the  manufRoture  of  pap« 
*U»tingiiiMhc'd  by  triiilc*  mnrks  coats  of  omui,  kc,  the  impreau  of  tbe  wire  forming'  what  i^ 
farmed  the  watfT-mark :  bntik-noto§  are  made  neparately  in  a  mould  in  tliis  way.  The 
edge  of  tlio  form  makes  the  edi^  of  the  paper,  lormfl  being  lued  aceoidiiifr  to  the  tnxt* 
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reqiured;  also  tbe  quantity  of  tho  wliole-stuff  varies  in  aocordanco  with  the  reqnired 
thickneaa  of  the  aheeta.  Felt  is  extensively  used  in  the  manufacture  of  paper;  it  is  tin- 
ttke  the  ordinary  felt  for  bats,  being  a  coarser,  looser,  white  wooUen  fabric,  more  Buitublo 
for  rolling* 

Tlie  work  of  the  pulp-tub  is  diTrfded  into  two  parts,  tho  aqnaring  and  the  scooping- ;  the 
latter  is  the  placing  of  the  pulp  in  the  mould,  tho  former  the  phieing  of  tho  sheets  between 
lelt»  The  tub  ia  stirred  oocasionally  with  a  pointed  Jitick^  technically  termed  the  scoop 
itiok*  The  pulp  ig  taken  out  on  the  form  in  a  jslopin^  poaition,  shaken  a  little  to  aid 
QolieBiciiLf  and  finally  plaeed  on  the  small  bridge.  Tho  nesct  sheet  ia  placed  on  the  large 
bridge.  The  form  ia laiii  in  a  sloping  poatttou  against  the  donkey-reiit  to  drain,  and  the 
paper  finally  placed  on  the  felt  to  ory  a  little,  tho  empty  form  returning  to  tho  tub.  The 
first  x>aper  sheet  i^  covered  with  felt,  on  which  tho  next  is  placed ;  the  average  number  of 
^eeta  manufactured  exceeding  5000  a  day. 

i»iniiiiv  th«  TAper.  As  sooii  as  tliePG  IS  a  sufficient  number  of  sheets,  they  aro  made 
into  a  thick  bale  and  placed  under  tho  press,  the  number  of  sheets  comprising  a  balo 
being  generally  iSi,  Three  bales,  rSi  X3  =  5  43  shoots ;  twenty  quires  =^480  sheets 
SLSsed,  and  500  unsized.  Pressing  gives  firmness  and  glossiness,  and  by  continuc^d 
pressing  exceeding  smoothness  is  obtained. 

Dryins  the  Paper,     Tho  process  of  prcssiug  has  not  quite  removed  the  water  from  the 

paper,  which  has  to  be  dried  in  an  airy  chamber,  tho  sheets  being  placed  separately, 

or  two  to  five  t<)gcther  as  re<]uJred*     An  expert  workman  can  place  800  to  900  layers 

of  two  to  five  sheets  each  in  a  day*  a^  well  as  hanging  and  diying  the  sheets  and 

'taking  them  off  the  cord, 

sitinir  the  Paper.  Tlip  paper  19  not  durable  unless  it  is  sized,  and  is  only  used  for  filter- 
ing, packingt  printin]^,  or  scribbling  papers.  Sizing  gives  the  paper  substance  by 
filhng  tho  pores,  and  making  it  firmer,  etiffer,  and  harder.  Ordinary  size  dissolved 
in  water  will  not  always  prove  effective,  and  it  is  necessary  to  add  a  solution  of  an 
aluminium  salt*  such  as  that  of  alum,  sulphate  of  alnmiiia,  or  chloride  of  aluminium, 
to  prevent  decay.  Without  chemical  preparation  the  sheets  are  rendered  sticky  and 
have  to  bo  sized  separately,  but  with  the  above  addition  80  to  1 00  sheets  can  be 
eaccossfuHy  sized  by  hand ;  a  good  workman  can  size  40,000  to  50,000  sheets  in 
twelve  hours.    The  sheets  must  not  be  dried  too  quickly  after  sizing. 

Prt|wiB2t]!i»  p*p«T.  After  the  sized  paper  is  pressed  and  dried,  it  requires  further  pre- 
pamtion  to  make  it  flfc  for  use.  The  fii"st  process  consists  in  tho  finishing  or  trim- 
ming to  remove  all  tho  little  specks  and  blemishes,  and  to  smooth  the  sheets.  The 
finished  shoots  are  counted  and  placed  together,  tho  workman  by  continued  practice 
counting  8000  to  15,000  shoots  as  he  places  them,  and  separating  them  into  whole  and 
half  quires,  twenty- four  sheets  of  sized  and  twenty-five  sheets  of  unmed  paper 
making  a  quire ;  the  upper  and  under  quire  of  each  ream  being  placed  on  aii  extra 
sheet,  known  as  oaUidtg,  Tho  oven  and  glazed  surface  is  mostly  obtained  by  hot- 
pressing,  when  every  sized  sheet  is  interposed  between  two  unjsized  shoots ;  this  is 
called  inierchamjinf^.  The  preparation  of  the  various  kinds  of  paper  is  now  accom- 
plished, with  the  exception  of  the  finest  letter  papor,  which  rciiaircs  an  extra  pro- 
cess to  give  it  a  final  gloss*  by  pressing  between  the  rollers  of  tho  satining  machine. 
The  different  varieties  of  paper  are  classed  under  three  denominations : — 

Th«  DiflV'wnt  KiDdi        A.  Writing  and  drawing  paper,  the  smaEc  r  kinds  of  copy  pajMjr,  deed 
ori'upcr.  paper,  tlte  finer  post  and  letter  paper*  and  Tclliun  lett^^r  paper* 

B.  Printing  paper  for  books,  as  diatJngfuishfHl  friim  eopy  printing,  deed  printing,  post 
and  vellum  printings,  note  and  oopperwplat^  printing  papen  Silk  papers  for  viUenthies, 
ornamented  with  gold  or  silver,  a£a  printod  from  engraved  copper  platen 

C,  Tho  looser  textarcd  papers,  such  as  unsized  parcel  paper;  tho  better  kinds  are 
filter-  and  blotting-papera.  Packing  paper  is  ha  If -sized,  and  appears  as  a  yellow  straw 
paper,  blue  sugar  paper,  and  pin  and  needle  papere. 
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0.  Machine  Paper, 

]iAti«fb«tiLf«efM*etLiiwp4piiT.      Manuiacturin^'^  paper  by  hand  requires  mudi  time 

labour,  and  inacbinc*ry  is  found  to  be  qiiite  a«  efficient.  Endless  paper  of  any  breadl 

can  be  made  by  inachinery  witli  tbo  Bfinio  amount  of  strengtb  and  fimmess  as  band 

paper*    The  etiuight  form  and  the  vibrating  machine  are  used  for  finer  paper. 

t.  It  is  requisite  that  the  machine  ahoall  make  the  pulp  of  a  snitablo  ooiiaistence  by 
diluting  it  with  water* 

2.  Purify  the  whole'Stuff  from  knots. 

3.  When  frco  from  lniot:«i  work  the  materiiil  by  meanfl  of  regulators,  deliycring'  the 
stuff  from  the  form,  and  producing-  by  the  miifoTm  flow  of  the  x^^P  ^  amooth  paper  leaf 
of  the  breadth  required. 

4.  Bo  so  regulated  that  the  stream  of  whole-stuff  may  form  a  sharply  turned  leaf, 

5.  Free  tho  paper  leaf  from  waier,  so  that  it  only  requires  dzying  in  an  airy  chamber 
and  pressing. 

6.  For  removing  the  watcr»  steam  cylinders  are  principally  used, 

7.  The  finiftbed  paper  is  cat  iuto  ahoeta  by  the  paper  cutting  machine. 

After  the  whole- stuff  is  thinned  to  a  consistence  easily  moved  by  water,  it  flows 
to  the  knotter,  placed  in  a  perforated  cylinder  of  sheet  brass,  which  ie  supplied  with 
an  interior  raeohttnism  revolving  with  greater  velocity.  One  of  the  best  knotting 
machinea  hi  Mannhardt  and  Bteinor''B,  of  Munich.  After  the  whole«stu£r  is 
purified  by  the  knotting  machine  it  passes  out,  and  the  whole-stuff  reservoir  is  sup- 
pbod  anew.  In  course  of  time  the  consistence  l>ecomca  altered,  sometimes  producing 
a  thicker  sheet  than  ixjqiiired;  this  variation  is  obviated  by  the  regulator,  an 
essential  in  the  paper  manufactory.  A  comploto  paper  machine  is  shown  in  Figs.  204 
and  205.  The  drawing  is  divided  into  two  parts ;  Fig.  205  is  seen  as  the  continua- 
tion of  Fig.  204.  Alter  the  whole-stuff  has  passed  from  the  knotting  machine,  <i,  it 
flows  into  the  small  troughj  a\  and  is  forwarded  by  the  regulators  to  the  foi-m.  The 
form,  a"  a",  is  an  endless  wire  sieve,  similar  to  the  vellum  form,  the  upper  part 
extending  horizontally  over  a  number  of  copper  rollers.  The  forms  are  fj*om  3  to 
4  metres  long,  and  i  to  1*6  metres  broad,  and  are  moved  by  moans  of  a  band 
poasing  over  palleya.  Next  to  the  regulators,  a',  tbo  rollers  lie  closer  together. 
The  form  of  course  has  a  double  motion,  advancing  in  the  direction  of  the  paper 
sheet,  which  is  carried  to  a  vacant  part  of  the  wire  and  deposited,  the  form  completing 
its  circuit  underneath.  Periodically  the  fonn  recoivea  a  shaking  or  vibratory  movi 
ment  breadthways.  Tlio  paper  has  sometimes  an  uneven  margin,  and  to  equalise 
substance  of  the  layer,  two  fine  brass  wires  are  placed  near  the  under  edge  of  the  form, 
while  leather  bands,  mn*,  kept  in  place  by  the  pulloyt  f,  are  placed  on  both  sides  of 
the  form  to  keep  the  sheet  straight,  the  bands  passing  through  a  vessel  of  water,  n, 
to  cleanse  them  of  the  adhering  pulp.  Tbo  water  in  the  cistern,  c,  cleanses  the  wire- 
work  forms.  It  is  now  necessary  to  commence  the  drying  of  the  pulp ;  this  is 
effected  by  an  air-pump,  or  preferably  by  suction  apparatus  placed  in  the  box,  d 
over  whi<i  the  whole  breadth  of  the  paper  sheet  passes.  After  the  paper  leaf 
the  box,  it  is  pressed  under  a  wirework  cylinder,  e',  under  which  is  a  corresponding 
cylinder ;  these  perforated  rollers  are  called  dandy  rolk'rs.  The  paper  sheet  is  now 
somewhat  pressed  and  dried ;  the  empty  form  returns,  and  the  leaf  passes  tno  from 
the  form  over  an  endless  fult  to  the  wet  press,  h  A,  which  consists  of  two  iron  rollers  : 
one  glazing  the  paper,  the  other  iia'ssing  the  leaf  to  another  pair  of  rollers,  h'  h\ 
Fig.  205,  which  press  and  dry  the  leaf.  The  paper  loaf  is  finally  submitted  to  tho 
dry  press,  which  c-onsists  of  a  larger  cast-iron  cylinder,  1*,  v,  w^  interiorly  heated  to 
asafly  130*  C*  by  steam.   These  cylinders  and  the  corresponding  rollers,  u\  v^,  w\  ore 


covered  witli  felt*  By  the  doublo 
pressing,  tlie  paper  becomes  dry 
and  requires  dam  ping  boforo  tbo 
final  pressing.  The  press  to  w  ia 
nut  so  elTectiye  as  i;  r,  as  it  dries  tho 
©urfaco  unevenly,  causing  one  eidw 
to  be  more  glazed  than  the  other. 
The  Bnished  paper  passes  under 
the  roller,  y,  to  the  windlass,  j\  and 
19  transferred  by  means  of  the  arm, 
k,  to  the  windlass,/,  where  it  arrives 
at  ita  journey *a  end.  It  is  then  cut 
into  sheets  of  the  size  required,  by 
.  the  paper-cutting  machine^ 

Piper-CittUnff  Mucbinf.  IVlien  finiHhed 
by  the  mathmG,  tho  pnp>r  is  cut  off 
into  long'  lengths  and  rolled  by  hand 
for  the  manafacturcra  of  drawing  and 
wall  paperf  8conc-paint<^r>*,  kc.  At- 
tochea  to  a  larp-e  wheel  h  a,  Icnife, 
whose  regular  i*trolcp«  cut  the  paper 
into  the  «ize  required,  Tlie  clipping 
machine  !a  uaed  for  cutting  the  edges 
of  books. 

7*  Pasteboard  and  other  Paper, 

M«kif>f  Furtevwrd.  Pasteboard  ia  made 
in  three  ways  :— 

1.  By  placing  the  pulp  in  a  form 
— fomi-board. 

2.  By  pressing  aovoral  damp 
sheets  to  form  a  thick  card — elastic 
pasteboard. 

3.  Bypastingtogethor  the  finished 
paper  sheets — sized  pasteboard. 

t.  Form-board  is;  an  inferior  kfi 
employed  for  ordinary  purpoaoft  i>i 
paoldng,  bookbindin^r*  iS^c.  It  ia  mado 
irom  waste  pa|:»ert  rf:;fu9e  rags,  nnd  tho 
coarser  part  a  of  the  pulp.  Clay  or 
chalk  is  Koraotimes  present  to  25  per 
cent,  of  tlie  weight  of  tlii«  pasteboftrd. 
It  is  made  in  a  coarse  ribbed  fonii, 
goes  through  the  same  process  ni 
Imotting  as  the  jiaper  sheet,  and  m 
dried  and  pressed  under  a  roller. 

2.  Elastic   paHteboard  is  of    belt 
material^    and     preiseiits    &   amootli 
i^urfaee;  six  to  twelve  sheets  of  po|i' 
preiaously  dumpofl  are  php:wl  to;»"C'f  hi  1 
and  pK^ssed  into  one  comtmct  fih*  •  t 
A  separate  find  harder  kinaof  pasti - 
board  is  the  thick  c?la»tic  board  m^-d 
for  binding  books.    The  inner  layer  is 
mnde  of  coarser  stuE^,  sawdust,  &:e. 
S4 
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JPapier  maehi  is  nsed  for  fancy  articles,  such'  as  the  covers  for  albums,  inkstands, 
blotting-boolrs,  paper-knives,  &c.,  as  well  as  for  the  ceUs  of  galvanic  batteries.  It  is 
obtain^  from  old  paper  made  into  a  pulp  with  a  solution  of  lime,  and  gum  or  starch, 
pressed  into  the  form  required,  coated  with  linseed-oil,  baked  at  a  high  temperature,  and 
finally  varnished.  The  pulp  is  sometimes  mixed  with  clay,  sand,  chalk,  &c.,  and  other 
kinds  are  made  of  a  paste  of  pulp  and  lime,  and  used  for  ornamenting  wood,  inlaying,  &c. 
Cbioitr«d  Paper.  The  papers  made  from  coloured  rags  are  the  brown  packing  paper 
and  coarse  coloured  papers,  such  as  sugar  and  pin  paper.  Coloured  pin  paper 
requires  to  50  kilos,  of  dry  pulp  the  several  undermentioned  substances : — 


^  ,,  (2*05  kilos.  Acetate  of  lead, 

^®^^^ (  0-45      „     Bichromate  of  potash ; 

5*05      „     Sulphate  of  iron, 

•05      „     Ferrocyanide  of  potash ; 


22^j^  (2*05      „     Sulphate  of  iron, 
1 1  '0 


Green  /  3'00      „     Blue, 

^"^^"^     lro5      „     YeUow; 

Violet     1*05      ,,     Extract  of  logwood; 

Hose       6*oo      ,,     Extract  of  Brazilwood; 

jj^  [3*00      »»     Oil  of  Yitriol, 

\  3'oo      „     Chloride  of  lime. 

Ultramarine  and  aniline  blue  are  also  used  in  colouring  the  paper.  In  variegated 
papers,  •hemical,  mineral,  and  vegetable  colourings  are  used  according  to  the 
required  colours.  Body  colours  are  rendered  fluid  by  a  solution  of  gam  arable  or 
alum  in  the  size,  which  can  be  applied  by  a  brush  or  sponge  when  only  one  side  is 
to  be  coloured.  Variegated  and  tapestry  papers  are  an  important  part  of  the 
manufacture. 

pupbhment  Paper.  Parchment,  although  made  of  animal  membranes,  is  often  con- 
founded with  vegetable  parchment  {phytopergamet).  The  latter  is  made  of 
unsized  paper  treat<3d  with  sulphuric  acid  or  a  solution  of  chloride  of  zinc : — i  kilo, 
of  concentrated  sulphuric  acid  and  1 25  grms.  of  water,  in  which  the  paper  is  immersed 
80  as  to  equally  affect  both  sides.  The  length  of  time  differs  according  to  the  quality 
of  the  paper,  the  thicker  or  firmer  paper  taking  a  longer  time  to  saturate ;  soft  paper 
will  take  five  to  ten  seconds.  It  is  then  placed  in  a  weak  solution  of  sal-ammoniac, 
rinsed  in  water  until  no  trace  of  the  acid  remains,  and  then  dried.  When  these 
operations  are  effected  mechanically,  a  steam  machine  first  pulls  the  endless  paper 
through  a  vat  of  sulphuric  acid,  then  through  water,  sal-ammoniac,  and  again 
water,  the  paper  passing  on  over  cloth  rollers  to  dry,  and  finally  over  jwlished 
rollers  to  press  and  glaze  the  surface. 

Parchment  paper,  as  a  rule,  is  of  one  colour;  when  dipped  into  water  it  is 
rendered  soft  and  limp.  It  is  used  for  documents,  deeds,  records,  &c.,  also  for 
drawing  plans,  charts,  bookbinding,  printing,  and  cards. 

Staech. 
Starch  granules,  one  of  the  vegetable  substances  most  extensive  in  nature,  always 
appearing  organically,  are  the  foundation  which,  chemically  treated,  yield  starch  as 
commercially  known.  Starch  is  found  in  most  organic  combinations  considered  in 
chemistry  and  morphology,  and  in  which  cellulose  is  necessarily  a  component, 
being  closely  allied  to,  if  not  really  isomeric  with,  this  vegetable  substance ;  its 
formula  is  CeHjoOj.  In  following  its  connections  it  becomes  the  starch  that, 
by  means  of  chemical  and  physical  agents,  in  the  preparation  of  starch  gum 
(soluble  starch-dextrine)  and  sugar  forms  one  of  the  most  important  substances 
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lireeented  to  tlie  oonsidearatioii  of  tlio  technolog^j?t.  It  Beldoin  appears  in  a  lars-o 
granuixu-  form,  but  prcsenta  itself  as  a  wliito  glistening  powder,  wiuch  upon  micro- 
scopic examination  soema  to  b©  nmdo  tip  of  varioua  roimdod  bodies  witk  rlag^  con- 
contiio  to  a  central  spot ;  theso  lines  are  more  plainly  indented  and  cover  a  great 
extent  in  some  than  in  others,  whilst  the  interior  of  tlie  grain  appears  hollowe 
The  granules  from  difibrent  plants  vary  in  size  and  form ;  those  from  i^heat  being 
smaller,  whilst  thoee  from  tropical  pi-oducts  are  thicker  and  more  lenticular.  Payen 
giTes  the  largest  dimension  of  the  granules  as  o'ooi  millimetre ;  £nom  his  researches 
we  gain  also  the  following  examples : — 

Starch  grannies  from  cloao  Potatoes i8^ 

„  ordinar}'- Potatoes      ,  140 

n  Marnntu  indka 140 

ft  Beans  . , 74 

It  Sago  Pahn  . .     . . «  70 

„  loelaiLd  Mobs      . ,      , .  67 

n  Pea       ,...,.     ..  50 

„  Wbeat 50 

„  Indian  com         * ,      50 

Fig.  206  shows,  according  to  Schleiden,  granules  of  potato  starch,  and  Fig.  207  of 
wheat  starch.  The  potato  has  a  larger  granule,  and  sometimes  givea  a  finer  powder 
than  wheat. 

3(attt»orBurrii,     The  usual  starch  contains  in  its  dry  state  nearly  18  per  cent,  water^ 
und  in  this  state  has  a  tendency  to  form  itself  into  globules ;  it  has  been  proved  that  ^ 
expo&ed  to  a  damp  atmosphere  it  absorbs  33  *5  per  cent,  water.     Starch  is  insoluble  in 
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ooid  water,  alcohol,  other,  and  oil.  At  a  temperature  of  160'  starch  yields  dextnno. 
Btarch  mixed  with  twelve  to  fifteen  times  the  quantity  of  warm  water  at  a  temperature* 
of  55*  varies  little  in  substance ;  at  a  temperature  of  55'  to  58*  it  begins  to  change, 
the  higher  temperature  making  the  fluid  thicker.  Lippmann  say  a  that  potato  stircb 
is  affected  at  62 '5°,  wheat  starch  at  67*5*»  When  boiled  the  granules  burst  and  form  a 
gelatinous  maas,  which,  largely  dihited  with  water,  can  be  made  of  a  conststonce  to  be 
filtered  through  paper,  and,  when  allowed  to  cool,  sets  in  a  jelly.  A  stiffer  paftte, 
acoording  to  J.  Wnbner  (1868)  is  made  from  Indian  com  than  from  the  potato  or 
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wheat.  The  longer  the  starcli  is  boiled  the  stiffer  the  paste  Lecomes,  i  part  of  starch 
separating  in  50  parts  water,  and  upon  cooling  setting  into  paste  of  a  blue  or  violet 
hue.  I>iy  starch  possesses  a  specific  weight  of  1*53.  Alkalies  and  dilute  acids, 
with  lime,  tend  to  re-form  the  granules ;  when  boiled  with  2  per  millo  of  oxalic  acid, 
the  starch  loses  its  consistence,  becoming  thin,  and  changing  into  a  soluble  substance 
called  dextrine.  Starch  treated  with  almost  any  dilute  acid,  or  with  diastase 
obtained  from  an  infusion  of  malt,  at  the  proper  temperature  is  conrei'ted  into 
dextrine,  forming  a  liquid  which  after  a  few  hours'  standing  can  be  made  into 
sugar.  Starch  is  soluble  in  the  cold  in  concentrated  nitric  acid ;  water  dropped 
into  this  solution  precipitates  the  granules  as  an  explosive  combination.  Under 
the  name  of  xylodine^  or  white  gunpowder,  this  combination  has  lately  been 
employed  for  pyro technical  experiments.  By  boiling  starch  with  concentrated  nitric 
acid,  a  formation  of  oxalic  acid  is  obtained,  evolving  nitrous  vapours.  Starch  paste 
upon  exposure  to  the  atmosphere  becomes  sour,  forming  lactic  acid. 
soaTcea  of  starch.  But  fow  Vegetables  yield  starch  in  large  quantities:  the  potato 
yields  20  per  cent. ;  wheat  55  to  65  per  cent. ;  rice  70  to  73  per  cent. ;  and  the  roots  of 
Jatropha  Manihot  and  Maranta  arundinacea,  palm  pith,  and  the  Carina  cocci nea^ 
similar  quantities.  In  Germany  starch  is  prepared  only  from  potatoes,  rice,  and 
wheat,  the  latter  yielding  a  greater  quantity  of  gum,  and  potato  starch  being  thinner 
and  not  so  gelatinous. 

starch  from  Potato**.  Potatocs  form  an  important  material  in  the  manufacture  of  starch ; 
their  constitution  is  as  follows : — 

Newly  dug  Potatoes 

Potatoes.         dried  at  100°. 

"Water 75-1  — 

Albumen      2*3  9-6 

Fatty  matter       0'2  0*8 

Cellulose      0-4  17 

Salts I'O  4*1 

Starch - 210  838 

1000  1000 

They  contain  28  per  cent,  dry  substance,  or  23  per  cent,  insoluble  substance,  and 
77  per  cent.  sap.  The  starch  found  in  potatoes  is  of  cellular  construction ;  the  cell 
walls  require  breaking  up  to  fit  it  for  manufacture.  Fig.  208  shows,  according  to 
Schleiden,  a  fine  specimen  of  a  healthy  potato  under  the  microscope.  On  the  outside 
of  the  potato  a  layer  of  flat,  pressed,  brown  cells  are  found,  sometimes  appearing 
in  a  patch,  a,  forming  the  outer  skin  of  the  potato,  and  covering  the  cells,  6,  which 
sometimes  contain  a  finer  grain,  but  mostly  a  clear  fluid.  These  cells  become 
wider  as  they  near  the  interior  of  the  potato.  The  series  of  cells,  c,  enclose  the 
inner  cells,  rf,  the  pith  of  the  potato.  When  the  potato  is  dried,  the  cells  separate 
from  each  other,  as  in  Fig.  209,  a  specimen  of  a  mealy  potato.  The  starch  granules 
swell  in  each  cell,  the  cells  uniting  in  reticulated  streaks.  The  process  of  manu- 
facturing starch  consists  in : — 

1.  Triturating  the  fresh  potato. 

2.  "Washing  the  starch  granules  from  the  pulp. 

3.  Purifying  and  drying  the  starch. 

The  potatoes  are  placed  in  a  grinding  cylinder,  which  formeri^  consisted  of  wood,  with 
iron  plate  rollers  placed  half  way  in  water  to  cleanse  the  pulverised  potato  pulp.  Of  late 
grinding  cylinders  with  saw-teeth  are  used  (Thierry's  machine^.  The  saw-blades  have 
short  teeth,  lacerating  the  cells  to  obtain  the  starch  granules,  which  mere  gentle 
washing  and  grinding  would  not  effect ;  the  cylinder  revolves  600  to  700  times  a  mmnto. 
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One  cylinder  with  kivivcs  0*50  metro  in  length  and  saw-bliidee  of  040  metre,  can  griitd 
fourteen  to  iiftoon  batches  in  an  hour  to  a  paly,  which  in  aftcrwanlH  submitted  to  the 
prixv?ss  of  wushing;,  A  cylindrical  metal  bigtb  \a  generally  used  for  Hepamting  the 
stvireh  granules  from  the  potato  imlp ;  it  contains  a  pair  of  brushes  slowly  rotating-, 
whilst  water  is  supplied  to  the  sieve  to  wash  the  puJp,  which  i»  ground  to  a  eongistcnoe 
that  will  admit  of  ita  readily  flowing  off,  in  order  that  freah  pulp  may  he  received  on  the 
eieve*  The  starch  gnmnles  are  Buspendcd  in  tb©  water  strained  aff^  and  finally  settle  to  the 
bijtiom  a»  a  aoft  white  powder,  Laine*ii  umntemipted  cleansing  move  in  now  generally 
iii»ed  ;  it  conBiata  of  a  series  of  wire* work  frames  placed  over  a  trough*  The  potato  pulp 
flowfl  from  the  griiiding  cylinder  to  a  spaoe  under  the  cleansing  sieve,  from  mence  over 
two  gratings,  where  the  pulp  ia  cleaoaed  by  a  atreara  of  water  plajdiig  all  over  it,  the 
granules  eettling  down  at  the  bottom  of  the  trough.  The  granules  are  then  crushed 
between  steel  rollers*  to  eeparatc  the  atarch  from  the  Jibre.  80  to  100  cwtn-  x>otatoee  can 
be  thus  prepared  in  a  day.  From  the  above  method  of  preparing  starch  from  the  potato 
we  gam  the  general  principles  of  such  operations.  Tlie  structure  of  the  potato  m  shown 
to  be  partly  chemical,  partly  mechanical,  and  by  dceitroyiui,'-  the  latter  we  gain  starch,  which 
U  separated  after  the  potato  pulp  has  been  standing  eight  days,  when  it  becomes  a  white 

Fig,  208. 
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^^ ^ ■_      _        J  e 

pasty  maaa  containing  itaroh*     Thia  is  placed  in  a  coarse  sieve^  which  retains  a  greater! 
part  of  the  fibre,  another  finer  hair  «ieve  being  used  to   receive   the  starch  and  finer 
nbref  separated  from  each  other  by  means  of  a  cleaniting  appamtuus,  which  washes  the 
fibre  away»  leaving  the  starch  grantilca  and  sugar  behind. 

nrying  the  Potato  jiurcb.  The  Teeolt  of  the  wuBhing  is  a  milk -like  fiuid,  wliicli  aeitlee  at 
the  bottom  of  the  trough  as  fltarch;  it  la  tlicn  mixed  with  fresh  water  and  allowed  Iqj 
solidify  into  a  hard  subtftanoo,  which  la  out  into  pieoeai  poured  upon  a  liiien  rloth  pliie 
on  a  hurdle,  with  a  plaster-of*Faris  ToaBcl,  or  a  vessel  containing  gypsum,  underneath,  1 
dry  the  starch.  Aft<*r  being  watered  and  left  to  stand  for  twenty*four  hours,  the 
starch  dries  to  the  thieJcness  of  2  decimetn>»  upon  the  gypsum.  ^  Of  late  tlie  water  has 
been  removed  by  a  centrifugal  machine.  The  moist  siarcn  contains  33  per  cent,  water, 
and  is  called  fresh  starch*  llie  average  temperature  of  the  drying  rooms  is  not  over  60*. 
When  the  starch  is  dried  it  is  broken  into  pieces  by  iron  rollers.  The  stalk  or  who' 
starch  is  made  by  boiling  to  a  thick  i>a8tc,  wliieh  ts  forced  by  maehinery  through  a 
opening  into  a  trough|  where  it  dries  in  a  kind  of  mould. 

^mvuiuh  erwtiMt  stapcii.     According  to  M.  O.  Dempwolf,  i86g,  the  unprepared  wheat 
contains : — 

Water      , .      ,,      10*51 

Ash 150 

Gnm        14  35 

Starch 65.40 

Patty  and  woody  fibre         ..     8-24 

lOO'OO 
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From  the  constituent  parts  of  wheat  it  is  seen  that: — 
Starch  ^ 

Gum    >  are  insoluble  in  water. 
Husk  ; 
Salts         ) 

Albumen  |  are  soluble. 
Dextrine  ) 

The  first  three  are  insoluble,  the  gum,  however,  being  gradually  dissolyed  by  the 
lactic  acid  developed  from  the  seed,  while  the  starch  and  husk  remain  unattacked. 
The  different  modes  of  preparing  wheat  starch  are,  namely : — 
•  A.  By  fermentation  (old  method)  of  the — 

13.  New  mode  of  treatment  without  fermentation. 
The  old  method  consists  of  the  following  operations : — 

1.  Fermenting  the  wheat. 

2.  "Washing  the  starch  from  the  mass. 

3.  Washing  and  cleansing  the  starch. 

4.  Drying  the  starch. 

The  whole  wheat  is  soaked  in  water  until  soft.  The  seed  is  separated  from 
the  husk  either  by  treading  in  sacks  in  a  flat  tub  of  water,  or  by  being  placed  under 
rollers,  and  the  pulp  thinned  with  water  to  a  milky  fluid,  in  which  a  greater  part  of 
the  starch  and  gum  are  found.  After  standing  a  day  this  fluid  turns  acid ;  a  part 
of  the  gum  becomes  diluted  by  the  action  of  the  lactic  and  acetic  acids,  and  is  taken 
away  and  replaced  by  fresh  water,  the  same  process  being  gone  through  until 
the  fermentation  ceases,  when  the  starch  is  washed  with  water  and  dried.  In  the 
fermentating  tub  it  forms  with  the  water  a  thin,  sour  pulp.  The  time  varies 
according  to  the  temperature  ;  aU  the  gum  is  not  separated  until  about  twelve  to 
thirty  days.  The  sour  water  contains  acetic  acid,  lactic  acid,  butyric  acid,  succinic  acid, 
ammoniacal  salts,  and  the  mineral  constituents  of  the  wheat.  The  mass  is  then  placed 
in  a  sack  and  trodden,  the  milky  fluid  being  allowed  to  escape,  leaving  the  husk  and 
refuse  gum  behind.  The  milky  fluid  containing  starch  is  strained  through  a  fine 
hair  sieve  and  washed  with  water.  Another  method  is  that  of  placing  the  milky 
fluid  in  a  tub  and  allowing  it  to  settle.  The  first  layer  of  the  sediment  is  fine 
starch,  next  a  mixture  of  starch,  husk,  and  gum,  the  last  layer  containing  but  little 
starch.  In  the  preparation  a  little  ultramarine  blue  is  added  during  the  cleansing 
process.  Of  late  the  centrifugal  machine  has  been  used  for  the  purpose  of  drying 
the  starch. 

Preparing  wheat  starch  without  fermenting : — 

According  to  E.  Martin's  treatment,  wheat  flour  is  mixed  with  water  to  a  paste, 
100  parts  flour  to  40  parts  water ;  the  paste  remains  ^  to  2  hours  to  affect  the  gum, 
and  is  then  washed  in  a  fine  wire  sieve  placed  over  a  tub.  The  starch  is  found  at  the 
bottom  of  the  tub  mixed  with  water,  and  is  placed  in  a  warm  spot  to  ferment 
slightly.  It  is  dried  in  a  mass,  and  goes  through  similar  processes  to  the  other 
starch,  being  made  into  stalk  and  powder  starch,  and  sold  in  packets. 

100  parts  of  wheat  flour  yield  25  per  cent,  of  gum  {gluten,  gluten  granulf),  with 
33  per  cent,  of  water ;  the  fresh  gluten  is  mixed  with  a  double  weight  of  floiu",  the  paste 
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rolled  into  long  stri j;>s,  and  ground  into  granules,  wKich  becomo  dry  at  50*  to  40%  and 

are  afterwards  sifted.     The  comsumptiou  of  this  granukr  gum  is  exteasiv©,  itbomg 

employed  for  focMl  (with  ordinary  Bour  as  macaroni),  art  pnrposea,  and  maun- 

facture. 

^"^ISSS^B^iiinS?"'     According  to  il,  J*  WoUf,  the  constituents  of  coiamercial  starch 

are  as  follows : — 

I.  2.  3.  4.  5.  6, 

Water    .,  1783  15-38  1452  17-44  14'20  17'49 

Gum       ..  —  — ►  010  tracea  vS^  4-96 

Fibre      . ,  04S 

A^  ..  0'2I 

8tttrch    ,,  81*48 


050 
0'S3 
83-59 


100*00 


xoooo 
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100  00 


100-00 


I,  The  finest  white  patent  starch  in  stalks*  of  a  bright  and  crystalline  appearance, 
made  from  pure  potato  starch.  3,  The  finest  blue  pat*>ut  starch,  potato  etarcl 
coloured  with  ultramanno,  3.  Pure  wheat  powder,  4,  Fine  wheat  starch  in  pieces 
5.  Medium  fine  wheat  etarch  in  yellowish-white  pieces,  6.  Ordinary  wheat  starcL 
in  greyish-  ytllow  coarse  pieces,  that  upon  microscopic  examination  n}>pear  as  a  mix* 
turo  of  potato  and  wheat  starch.  Starch  is  used  for  stiifening  domestic  articles  in 
washing,  for  stiffijning  paper,  and  extensively  in  linen  and  cotton  manufiicture 
in  gum,  syrups,  sago,  vermicelii,  &c.  It  is  also  a  basts  from  which  wo  can  obtain 
sugar.  Potato  starch  is  preferred  for  domestic  washing,  but  where  great  stiffness  is 
requisite,  wheat  starch  is  used,  as  in  bookbinding,  &c.  In  wheat  starch,  the  paste  is 
formed  of  closely  united  gelatinoua  particles,  which  are  more  widely  disseminated  in 
potato  starch,  the  latter  being  transparent  and  more  suitable  for  stiifening  fine  linen, 
ironing  smoother,  and  not  sticking.  Wheat  starch  will  keep  fresh  upon  exposure  to 
the  atmosphere  longer  than  potato  stikrch,  the  latter  turning  sour  after  a  day's 
standing. 

According  to  C.  Wiosner,  i86d,  maize  starch  possesses  the  highest,  wheat  the  next, 
and  potato  starch  the  most  inferior  stiifening  qualities*  Maize  and  wheat  are  consi- 
dered the  best  ft-r  fonning  a  smooth  oqwal  paate.  Sugar  can  be  prepaixjd  from 
starch  by  means  of  the  active  principle  of  mjdt — diastase.  From  this  sugar,  again, 
brandy  and  spirits  can  bo  distilled.  According  to  the  researches  of  LMersdorff  :^ — 
100  pounds  of  potato  starch  need  25*5  pounds  of  dry  malt,  and 
100  pounds  of  wheat  starch     ,,     1^0*5      ,,  >» 

to  effect  the  full  conversion  of  the  starch  into  sugar, 

8urrt?*SLY^«K:r      ^^*^^  starch  is  lar^ly  umimfnctured  ia  England,  France,  imi  Bd-^ 

Anow-itoot.  giurn.  To  extract  the  giMi»  rice  is  plnced  in  a  bath  of  weak  1 
eolation — 287  grms.  of  cauHtic  »oda  to  th©  liectulitre.  After  stunding  twenty-four  honns 
the  rico  grain  becomes  s-uftened,  fmd  i»  theti  washed,  (arr<3und  between  rollers  or  mill-stoiifiSv 
and  placed  oa  a  eiove  with  brnMlieti  to  retain  th*?  hus-k  or  bruD.  The  water  strniued  off 
ooatoins  the  stnreh,  which  is  washed,  drietl,  «nd  inumifaeturt?d  into  the  fonii  rtqmrcd* 
The  gum-containing  alkuline  ley  being  nctitrnHi**'d  with  sulphuric  acid  is  Ht  for  inferior 
asea*  J.  nnd  J.  Cohnan's  rice  iiarth  manufacture  employft  1000  workpet»ple,  ami  tho 
rcinlt  of  their  munipidiitioii  ia  used  hh  the  ca?«tomary  washing  etarch,  tho  etiffer  and 
briK'hter  starch  for  ball  dresses,  window  liangings,  and  for  the  size  in  paper  manu^M^taro. 

In  France  the  chestaut  is  used  for  tht?  tiianuf acture  of  starch.  Chestuats  produce  a  starch 
pos«tiJseing  the  oTGnneas  of  potato  st-ureh  with  the  stifiticHs  of  wheat  starch.  100  parts  of 
the  fresh  nitter  chestnut  give  19  to  20  per  ct  nt*  dry  htan.'h. 

Arrow-root  is  obtained  from  the  Maranta  (ttundtrntctUt  and  M,  inHi'm,  cultivated  in  the 
West  Indies;  it  is  rory  like  potato  starch,  and  in  piv]>ared  in  a  similar  manner.    Caosavft 
Btardi  is  made  from  the  rout  of  Jotropha  MaaiJioft  or  Mfinihut  uttlimma,  and  Jf»  Aip 
Lax^y  oultivated  in  South  America^  the  West  Indies,  and  the  Brazils. 
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Cassava  is  used  as  an  article  of  consumption  both  in  Europe  and  the  tropics.  The 
root  of  the  manioc  is  thoroughly  purified  from  its  poisonous  juice,  being  coarsely 
ground  to  allow  the  sap  to  escape,  and  roasted  in  an  earthenware  vessel, 
the  cassava  forming  into  granules  on  the  sides  of  the  vessel  {Cassava  sago,  or 
Manioka)y  the  prussic  acid  contained  in  the  root  becoming  volatilised.  From  arrow- 
root and  the  analogous  roots  containing  a  poisonous  juice,  arrow-root  derives  its 
name,  having  been  used  by  the  Indians  as  a  poison  for  the  tips  of  their  arrows.  Its 
components,  according  to  Benzon,  in  100  parts,  are — ^Volatile  oil,  0*07  parts ;  starch, 
26  parts ;  89  per  cent,  of  the  starch  being  obtained  in  a  powder,  while  the  remainder 
is  extracted  from  the  parenchyma  by  boiling  water;  albumen,  i'58  parts ;  gum,  o*6 
part;  chloride  of  calcium,  0*25  ;  insoluble  fibrin,  6  parts;  and  water,  65*5  parts. 
It  is  known  in  commerce  in  several  varieties,  viz. :— Portland  arrow-root,  Arum 
vuigare;  East  India  arrow-root,  Curcuma  augustifolia ;  Brazilian  arrow-root, 
Jatropha  Manihot ;  English  arrow-root,  from  the  starch  of  the  potato ;  Tahiti  arrow- 
root, Tacca  oceanica, 

8«fo.  Sago  is  made  from  the  soft  central  portion  of  the  stem  of  the  palm,  Sagus 
Rumphii.  According  to  J.  Weisner,  the  Guadeloupe  sago  is  prepared  from  Raphia 
farini/era,  and  an  East  Indian  variety  from  Caryota  urens.  The  stem  is  torn  to  fila- 
ments and  elutriated  on  a  sieve  with  water.  The  starch  obtained  is  then  washed, 
dried,  and  sifted  into  a  copper  plate,  where  it  remains  a  hard  granular  substance.  A 
greater  part  of  the  common  sago  is  manufactured  from  potato  starch,  coloured  with 
oxide  of  iron  or  burnt  sugar. 

Dextrtne  Dcxtiinc,  gommelinc,  moist  gum,  starch  gum,  or  Alsace  gum,  isomeric 
with  gum  arabic,  and  expressed  by  the  formula,  C6H10O3,  is  formed  by  boiling 
starch  with  a  small  quantity  of  almost  any  dilute  acid,  which  thins  its  consistence, 
and  converts  it  into  a  soluble  substance  similar  to  gum  arabic.  It  is  soluble  in  cold 
water,  insoluble  in  absolute  alcohol,  but  slightly  soluble  in  weak  spirits  of  wine. 
Dextrine  derives  its  name  from  dexter,  the  right,  from  the  action  of  this  substance  on 
polarised  light,  twisting  the  plane  of  polarisation  towards  the  right  hand.  Dextrine 
in  grape  sugar  is  converted  into  dextrose  by  the  action  of  dilute  acids.  Dextrine 
solution  does  not  ferment  with  yeast ;  but  a  little  yeast  mixed  with  a  large  quantity 
of  gelatinous  starch,  at  a  temperature  of  160°,  quickly  liquefies  it,  dextrine  being 
produced,  the  greater  part  of  which,  if  allowed  to  stand,  becomes  converted  into 
grape  sugar.  From  this  decomposed  dextrine  a  cheap  and  largely  employed  sub- 
stitute for  gum  arabic  is  obtained.  The  components  of  this  decomposed  dextrine, 
according  to  the  analyses  of  R.  Forster  (1868)  are : — 

Dextrine 72*45  70'43  63-60  5971  4978  5*34 

Sugar 877  1-92  7-67  576  1-42  o'24 

Insoluble  substances  13*14  19*97  i4*5o  20*64  30*80  86*47 

Water        5*64  7*68  14*23  13*89  i8*oo  7*95 

loo'oo      loo'oo      loo'oo        loo'oo      loo'oo      100*00 

Potato  starch  is  preferable  to  wheat  starch  for  the  manufacture  of  this  material, 
not  only  on  account  of  its  cheapness,  but  for  its  greater  purity  at  an  equivalent 
price. 
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Dextrine  is  prepared  by  ;-* 
a.  Gently  roasting. 
h  Carefully  treatiDg  with  nitric  acid. 

c.  Boiling  witt  dilute  Bulphurio  ocid. 

d.  Treating  with  malt  extract  (dioataflo). 
Preparing  doxtrino  by  means  of  gentle  heat  is  an  easy  ojerat  ion.     Tho  fiuucli 

\&  roasted  until  it  becomes  brown -yellow  in  colour,  in  a  largo  copper  or  irun 
plate  cylinder,  similar  to  a  coffee  dram,  eituatedon  ouoside  of  the  ovou.  Destrine 
is  formed  at  a  temperaturo  of  225°  to  260**  According  to  Ileuze,  tbo  following  is  a 
better  method  :^2  kilos,  of  nitric  add,  of  1*4  specific  weight,  with  300  litrvs  of  water, 
are  mixed  with  1000  kilos,  (—  20  cwts.)  of  starch,  and  boiled  to  form  a  maias,  whicli, 
when  exposed  to  tho  air,  becomes  dry.  It  is  sometimes  affected  at  80%  but  it 
becomes  a  paste  at  100*'  to  1 10*.  The  starch  changes  into  dextrine  in  an  hour  or  an 
hour  and  a  half  at  the  most;  it  is  white  and  soluble  in  water.  Sulphuric,  hydro- 
chloric, and  lactic  acids  will  produce  dextrine ;  and  by  tho  addition  of  water  to  dcxH 
ti'ine,  dextrine  syrup,  or  gum  syrup,  is  obtained* 

Dr.  Yogel  ^ves  a  simple  experiment  to  OlDstrate  the  acIidb  of  dilute  eulpbaric  acid 
npon  etarch.  Nearly  aU  kinds  of  -writing  paper  are  so  rery  largely  sked  with  starch,  thut 
if  figures  or  letters  are  traced  on  the  paper  with  very  dilute  flulphurio  acidr  and  then  dried, 
the  applicution  of  iodine  in  a  dilute  azdution  will  impart  a  blue  tinge  to  that  portion  uf 
the  paper  not  affected  by  the  acid,  the  characters  remaining  white. 

Dextrine  is  extensively  used  instead  of  gum  arabic  in  printing  wall  papers,  for" 
fitLffening  and  glazing  cards  and  paper,  for  lip  glue»  surgical  purposes,  wines,  and 
in  the  £ne  arts  it  is  applied  in  many  ways. 
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miterr  or  Sflffsr,     Sugar  has  been  known  in  tho  East  Indies  and  China  since  a  Teryl 
remote  period.    In  Europe  honey  was  used  for  sweetening  purposes  in  the  oldeml 
time,  and  although  sugar  was  known  to  the  inhabitants  of  Greece  and  Italy,  thfl 
commercial  intercourse  with  India  being  limited,  it  was  but  little  used  until  the  time 
of  Alexander  the  Great,  After  the  conquest  of  Arabia  sugar-canes  were  propagati 
in  Western  Asia,  Africa,  and  Southern  Europe.     The  Crusaders  becamo  acquaints 
with  this  useful  product,  and  the  Venetians  began  to  cultivate  it  about  thut  time  in 
Europe  and  Northern  Africa.     Malta,  Cyprus,  Candia,  and  Egypt,  jnelded  the  fii'stt 
Bugar^cane,  which  was  next  cultivated  in  Sicily,  Spain,  Portugal,  and  the  Canary 
Isknds,  about  1420,    In  1506,  sugar  was  cultivated  in  the  West  Indies,  Brazil^J 
Haiti,  and  in  many  islands  of  the  Indian  Ocean.    Cane  sugar,  a  substance  found  in' 
the  i  nice  of  various  grasses,  was  first  discovered  in  South  Ameri  ca,     Bi t ter  men tiona 
it  as  a  plant  capable  of  great  cultivation,  to  be  fgund  in  different  parts  of  tho  globe — 
eastwards  from  Bengal  to  China ;  westwards,  the  Intlioa,  North  Africa,  Southern 
Europe  to  America.    Slaves  were  imported  to  cultivate  tho  sugar-canes  in  North 
America  in  1800,  when  the  first  cultivation  commenced,  and  sugar,  which  until  now 
had  been  a  curiosity  and  a  luxury,  being  chiefly  used  for  medicinal  purposes^  bocomo 
one  of  the  dail}*  necessaries  of  life.    The  art  of  extracting  sugar  &om  the  canos  and 
refining  the  raw  product  soon  became  known ^  and  this  useful  article  of  food 
extensively  manufactured. 

Httiiranf  siicf.      Sugar  is  known  as  cane  sugar  and  grape  sugar,  dextrose,  gluouso  \ 
crumbling  sugar,  staixh  eugar^  potato  sugar,  and  coarae  law  sugar  or  fmit  sagar 
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Gane  sugar  is  prepared  from  the  su^ar-cane,  maize,  the  Andropogon  glt/cichj/lum, 
the  sap  of  the  sugar  maple,  the  birch,  the  sweet  turnip,  and  carrot.  According  to 
W.  Stein,  8  per  cent,  of  sugar  is  found  in  the  root  of  the  madder.  The  pumpkin, 
melon,  banana,  and  most  of  the  species  of  palms  yield  sugar.  Cane  sugar  has  the 
formula  C„H230„.  The  crystallised  sugar,  known  as  sugar-candy,  is  hard  and  has 
a  spr.  gr.  of  i'6;  it  is  unaffected  by  exposure  to  the  air,  and  when  heated  at  a 
temperature  of  180°  it  dissolves  into  a  sticky  colourless  fluid,  which  upon  rapid 
boiling  resolves  itself  into  a  pliant  uncrystallised  mass,  commonly  known  as 
barley-sugar.  At  a  very  high  temperature  it  becomes  black  and  decomposed.  At 
210"  to  220**  cane  sugar  becomes  a  dark  brown  substance  termed  caramel ^  used  in 
colouring  spirits,  and  for  other  purposes.  Sugar  has  a  pure  sweet  taste,  is  soluble 
in  one-third  of  its  weight  of  cold  water ;  by  continued  boiHng  it  loses  its  power  of 
crystallising.  It  is  insoluble  in  absolute  alcohol  and  ether,  but  soluble  in  dilute 
alcohol,  especially  when  warmed.  Gerlach,  1864,  gives  in  the  following  table 
the  specific  weight  of  sugar  solutions  with  the  corresponding  percentage  of  cane 
sugar  at  17 '5**  C. : — 

Percentage      Specific 

Cane  Sugar,  weight  Sol. 

49  I-22724I 

48  I'22I77I 

47  1-216339 

46  i'2i0945 

45  1-205589 

44  1*200269 

43  1*194986 

42  I '189740 

41  1-184531 

40  i'i79358 

39  I'I7422I 

38  i*i69i2i 

37  1-164056 

36  1*159026 

35  1-154032 

34  I  149073 

zz         1-144150 

32  1*139261 

31  I -3^4406 

30  1*129586 

29  1*124800 

28  1*120048 

27  1*115330 

26  1*110646 

25  I-I05995 

A  watery  solution  turns  the  rays  of  polarised  light  to  the  right  hand.  Dilute 
sulphuric  and  muriatic  acids,  with  most  of  the  organic  and  mineral  acids,  tend  to 
convert  cane  sugar  solutions  into  a  mixture  of  dextrose  and  levuloso  according  to 
the  equation  : — 

Cx2n,20xi  -f  H^O  =  CeHi^Oe  +  CeHizOe. 

Cane  sugar  or  Dextrose      Levulose. 

sucrose.  (glucose). 

From  the  above  it  may  be  deduced  that  cane  sugar  is  found  only  in  the  neutral 

juices  of  plants,  while  juices  like  that  of  the  grape  containing  free  add,  tartaric. 


Percentage 

Specific 

Cane  Sugar. 

weight  SoL 

75 

1*383342 

74 

1*376822 

73 

1*370345 

72 

1-363910 

71 

i'3575i8 

70 

1*351168 

69 

1*344860 

68 

1-338594 

67 

1*332370 

66 

1*326188 

65 

1*320046 

64 

1*313946 

63 

1*307887 

62 

1*301868 

61 

1*295890 

60 

1*289952 

59 

1*284054 

58 

1*278197 

57 

1*272379 

56 

1*266600 

55 

1-260861 

54 

1*255161 

53 

1*249500 

52 

1*243877 

51 

1-238293 

50 

1*232748 

Percentage 

Specific 

Cane  Sugar 

weight  SoL 

24 

1-101377 

23 

1*096792 

22 

I '092240 

21 

1*087721 

20 

1-083234 

19 

1-078779 

18 

1*074356 

17 

1059965 

16 

1*065606 

15 

1*061278 

14 

1*056982 

13 

1*052716 

12 

1*048482 

II 

1*044278 

10 

1*040104 

9 

1*035961 

8 

1*031848 

7 

1*027764 

6 

1*023710 

5 

1*019686 

4 

1*015691 

3 

1*011725 

2 

1*007788 

I 

1*003880 

0 

1*000000 
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malic,  and  citric  acidst  can  yield  only  lovulose  and  glucose.  By  treating 
yeast  the  iragar  separates  and  produces  the  usual  aluolioUc  fermentation  produce 
alcohol,  carbonic  acid,  glyoerino,  &c,  Cane  sugar  enters  into  combination  witli 
the  hydroxides  of  calcium  and  barium,  forming  saccharateef  which  in  the  prepara- 
tion of  sugar  on  the  hirge  scale  are  of  great  interest.  The  sugar  solution  contain- 
ing hydroxide  of  calcium  bocomes  especially  interesting  as  being  the  origin  of  the 
application  of  lime  to  the  rofining  of  cane  and  beet-root  sugars,  the  hydroxide  ol 
calcium  foriiiing  a  cloar  Euid  with  a  raw  sugar  solution  containing  Ci^H^O,,,  be- 
coming dull  upon  standing,  the  sediment  containing  C„H,,0,j.CaO.  Carbonic  acid 
gas  has  of  la  to  been  applied  to  the  sugar  lime  solution,  the  lime  thrown  down  ai 
carbonate  and  the  sugar  separating  and  becoming  colourless  in  the  solution. 
Preparing  cane  sugars  with  hydroxides  of  barium  gives  rise  to  sugar  baryies, 
0,,H^O„BaO,  worthy  of  notice  as  being  insoluble  in  water  and  originating  the 
method  of  extracting  sugar  from  the  juice  of  boet-root  and  molasses  with  caustic 
baryta.  Sugar  barytes  is  decomposed  by  means  of  carbonic  acid.  An  explosive 
mixture  is  foi-mcd  with  nitric  and  concentrated  sulphuric  acids  and  sugar,  and 
known  as  nitro-sugar.  Cane  sugar  when  mixed  with  a  solution  of  sulphate  of 
copper  with  an  excess  of  caustic  potash,  is  at  first  but  slightly  affected  j  a  small 
quantity  of  red  powder  is  thrown  down  after  a  time  ;  but  the  liquid  long  retains 
its  blue  tinge,  while  with  grape  sugar  the  effects  are  much  increased. 

Cane  Suffar, 

**ffil{»wpl^'     '^^^  sugar-cane,  Saccharum  ojfficinarum,  h  a  plant  of  the  grass  i 
its  stalk  is  round,  knotted,  and  hollo w»  and  the  exterior  of  a  greenish-yellow  or  blB 
with  sometimes  violet  streaks.   It  grows  from  26  to  66  metres  high,  and  from  4  to  6 
centimetres  in  tliickness ;  the  interior  is  cellular.    The  leaves  grow  to  a  leng 
1*6  to  2  metres,  and  are  ribbed.    The  plant  is  grown  from  seed,  and  also  cnltii? 
irom  cuttings- 

A  hectare  of  land  yields  raw  sugar  :— 

By  15  Months*  (Cultivation.  In  1  Year, 

From  Martinique ,     2500  kilos.  2000  kilos. 

„     Guadeloupe 3000     „  2400    „ 

,,     Mauritius      5000     ,,  4000     „ 

,,     Bra^sil       7500     „  6000    ,, 

Owwupnmmti  nf  f im      Th^  HUgar-cane  riolds  ths  largest  amount  of  sugar,  generally  90  per 

Smw-Cmm.         cent,  jiiico,  coDtaining,  according  to  Peligot,  iS  to  20  parts  crystallised 

tngar*     The  components  of  sogar-cane,  according  to  the  annlyftes  of  P^figot,  Bupuyi  and 

liserYt  are  as  follows : — Martiniqae  {a) ;  Gnadclonpe  (if)  ;  Mimritius  {c), 

M.  (i).                   (r). 

Peligot*  Dupuy,           leery. 

Sugar      ..     ..        180  178               2o*o 

Water      .,     ..        711  720              69*0 

Cellulose,.     ,.          99  g-S               10*0 

Salts        ....          —  0*4  07— 1-2 

From  18  per  cent,  sugar  found  in  the  «ugar-can6,  as  a  rule  not  more  than  8  pe^t 
^B^gtwllided  »ugar  con  be  realised.  Tlio  lo8«  may  bo  accounted  for  thus : — 90  per  cent. 
j2oe  is  expreisaed  from  tho  cane,  from  which  oidy  about  50  to  60  x>er  cent,  can  be  clarified 
from  the  straw,  &q.  ;  a  iifth  part  is  exhausted  by  refining;  and  finally  two'lhirds  of  the 
sagar  is  obtained  by  boiling,  while  the  rest  goes  to  the  molasses.  The  tS  per  cent*  9tigar 
may  bo  realised  in  the  following  manner  i— 


\  fitted  on  to  the  axi«  of  tha  rallora*  The  sugar-canus  aro  transforrod  from  th© 
ilftto  gutter,  d  (i,  to  the  rollers,  a  c,  i^vhich  presa  thetn  a  littlo^  and  from  thence  they 
ana  carried  oyer  the  arched  plate,  n,  to  tho  rollers,  c  h.  Tlio  pressed  sugar-canes 
fall  over  the  gutter,  /,  the  expreeaed  juice  coUecting  in^^,  and  running  off  through 
//•  The  middle  roller  13  termed  the  king  roller ;  the  side  cylinders  are  indiridually 
the  aide  roller  and  macasse. 

2.  Jtefininrf  and  Boiling  the  *7"«i'fe.«— Tho  expressed  jiiico  is  removed  to  the  boil- 
ing-house, which  is  fitted  with  five  iron  or  copper  vessels.  To  15,000  htrc*8  of  ex- 
predsed  juice  5  to  9  litres  of  milk  of  lime  are  added.  The  lime  neutralises  the 
laaiic  and  other  ve^etahlo  acids,  and  upon  boiling  foi^ras  with  the  albumen  and  the 
other  constituents  of  the  juice  a  thick  g:reon  scum,  which  being  removed  the  juico 
is  allowed  to  remain  in  two  of  tlie  pans  to  evaporate.  A  fresh  scum  is  formed  on 
the  first  pan,  which  returns  after  a  second  or  third  time  of  removal.  The  jmce  as 
it  issues  from  the  press  is  received  into  tho  first  pan,  in  which  by  slow  boiling  it 
becomes  a  thick  froth*  changing  by  rapid  boiling  to  a  clear  colourless  fluid ;  in  the 
thirvl  and  fourth  pans  the  liquid  becomes  gradually  purer,  until  in  tho  fifth  it  crys- 
tallises. The  finger  is  dipped  into  tho  boiled  juice  to  test  its  consistence,  and  by 
tlxe  length  of  the  pendant  drop,  which  ought  to  be  about  5  centimetres,  the  thick* 
nwss  is  ascertained.  The  boilod  juice  is  placed  in  a  large  open  wooden  vessel  oJ 
about  16  centimetres  capacity,  and  termed  the  cooler,  whore  after  standing  twenty- 
(ofOT  houn  the  sugar  crystallises,  the  cooler  being  provided  with  a  double  per- 
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forated  bottom  to  allow  tlie  molasses  to  eacapo,  leaving  tJie  cryitok  beliind.  After 
standing  five  or  eix  weeks,  the  molaaseB  dries  into  a  mass  commonly  known  as  moist, 
raw,  or  Muscovado  sugar.  The  molasses  passes  into  a  cisbom  placed  underneath 
the  cooler,  capable  of  containing  15*000  to  20,000  litres  of  juieo.  and  after  standing 
fourteen  days  is  ready  for  the  market*  In  the  French  and  English  colonies  sugar 
is  exported  in  chests  covered  with  fire-clay  under  the  name  of  chest  or  tub  sugar. 

VtrK-tic*  or  sag*r.       European  commerce  deals  with  the  following  kinds  of  raw  migar : — 
K  We^t  Indiana-Cuba,  San  Bomingo  or  Haiti,  Jamaica,  Porto*Bioo,  Martmiqne^ 
Guadeloupe^  Saint  CroLx,  Sl  Thomas,  Havana. 

2.  American — llio  Janeiro,  Baiiia,  Surinam^  Peniarabnoo. 

3«  Eaat  Indian — Java,  Manills,  Bengal,  Maxuritius,  Bourbon,  Coehin  China,  Sianit 
Canton. 

Of  late  there  has  been  a  distinction  between  sugar  cultivated  by  slave  and  that  by  free 
labour;  the  latter  cornea  from  Jamaica,  Barbadoes,  Demerara,  jVntigua,  Tiinidad,  Donunica; 
the  former  from  Cuba,  Hayaua,  Brazil,  St.  Crouc,  and  Porto  Rico. 

Tho  mode  of  manufacture  varies  according  to  the  naturo  of  the  foreign  sub- 
stances that  always  form  part  of  tho  constituents  of  sugar,  such  as  water,  fibre, 
gluten,  sand  or  earth,  soluble  mineral  salts,  acetic  and  other  acids,  all  of  which 
must  bo  destroyed  before  the  sugar  can  bo  refined.  According  to  Benner  we  haye 
in  the  following  sugars  from  :— 

Jara.  Havana.  Surinam.  Cim^v  *  ^^  ^^l™* 

Raw  Sugar      ..      ..     gS'G— 83*1  97*0 — 87*5  92*3 — S5'4  9g'6         997 
Slime  Sugar    ..      ..       5*5 — o'j          57 — 0*9          4*4 —  1*6  o"i  0*2 

Water      >>     ..     ..       61 —  o'3  3'5^  0*9  6-3—  3*6  oz  o'l 

Ash 21 —  o*z  1*4 —  0*0  2*0—  1*2  0*1  — 

""zA^ir-]^-^-^-^    -^-^-"-^    — "     -     - 

xotMCH^  The  production  of  molasses  is  due  to  tho  long-continued  heating  of  tho 
cane  juicot  but  tho  quality  vaiios  according  to  the  naturo  and  ctilturo  of  tho  sugar- 
canas,  tho  heat  of  tho  season,  &c.  By  chemical  treatment  molasses  appears  as  a 
concentrated  watery  solution  of  cryetalliaod  sugar,  slime  sugar,  with  a  small  admix- 
ture of  caramel  and  mineral  salts.  It  is  a  dull  rod-brown  sweet  fluid  used  princi- 
pally in  the  colonies  for  the  manufacture  of  rum ;  it  is  soon  converted  to  spiritv 
and  then  quickly  becomes  ac^tated.     Bonner  gives  tho  constituents  of  molasses  as : 

Baw  Sugar      .,     ,.     32-97  4036 

Slime  sugar     .,     ..      .,     ..     ,.       4*30  y'jS 

Water       ,      137 1  16-25 

Ash  ..     ,.     ..       3*35  378 

Caramel,  gum,  &c 45*65  32*12 

Brflaist  the  Sapir  Sugar  Tofiniug  coDsbts  in : — 
I,  Dissolving  and  refining.  The  raw  sugar  is  dissolved  in  wator,  and  during 
the  process  cf  evaporation  the  apparatua  is  connected  by  a  gutter  to  a  reaenroir, 
into  which  the  sugar  flows.  It  is  then  submitted  to  a  6truining  apparatus,  which 
retains  the  several  impurities.  The  re^fincd  fluid  is  then  heated  in  a  copper  paii» 
t<?nned  tho  molting-pan,  tho  water  adding  30  per  cent,  to  tho  weight  of  tho  8Ugar» 
and  is  afterwards  placed  in  tho  refining  fian,  a  vessel  eonstructed  with  a  double 
bottom.  For  tho  purjjose  of  clearing,  a  mixture  of  albumen  is  added  in  tho  shape 
of  scrum  of  bloody  or  white  of  *^^^^  with  Umo-wator  and  sulphuric  acid,  an  addition 
afterwards  being  made  of  3  to  4  pier  oent.  animal  charcoal  and  j  to  2  per  oeiii. 
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blood,  and  tlie  whole  heated  to  the  boiling-point.    The  albumen  coagulates  and 
forms  a  fibrous  scum,  containing  all  the  impurities. 

2.  Taylor's  filtering  apparatus  is  now  much  used  for  filtering  the  sugar,  charcoal 
being  employed  as  the  purifying  agent. 

3.  The  boiling  of  the  clear  sugar  in  pans  placed  over  a  vacuum  apparatus,  re- 
sembles the  previous  boiling,  with  the  exception  that  the  fluid  is  rendered  purer, 
ID  to  12  per  cent,  water  remaining. 

4.  Cooling  and  crystallising.  When  the  sugar  begins  to  crystallise  on  the  sur- 
face of  the  vaccum  pan,  generally  at  80°,  the  temperature  is  lowered  to  about  50°, 
as  too  great  heat  at  this  stage  of  the  process  exercises  an  injurious  effect  upon  the 
sugar,  which  now  forms  an  atnorphous  mass,  and  is  drained,  washed  with  clean 
syrup,  and  prepared  for  ordinary  loaf-sugar.  Sugar-candy  is  the  result  of  slow 
crystallisation,  the  crystals  by  this  means  acquiring  a  larger  size  and  more  regular 
form. 

5.  The  shaping  of  the  crystallised  mass  into  the  form  of  a  sugar-loaf  is  accom- 
plished by  evaporating  the  sugar  and  placing  it  in  earthen  conical  moulds  to  soli- 
dify at  a  temperature  of  25®  to  30°.  After  standing  ten  minutes  the  sugar  sets  into 
form. 

6.  Drying  the  sugar.     After  standing  twelve  hours  a  green- coloured  syrup  is 

obtained  from  the  crystalline  mass,  which  is  removed,  and  the  crystals  submitted 

to  a  centrifugal  process  of  drying,  then  placed  in  a  drying-stove  at  a  temperature 

of  25°,  which  is  gradually  increased  to  50**.    By  thus  refining  the  raw  sugar,  the 

ordinary  loaf  sugar  is  obtained. 

Production  of  Baw  Sugar.  The  estimated  production  of  raw  sugar  in  1870  was  55,000,000 
cwts.,  the  largest  instalment  being  from  Cuba. 

Beet-Root  Sugar, 

itt  Nature.  In  the  year  1747  Marggraf,  a  chemist  of  one  of  tlie  Berlin  academies, 
discovered  crystals  of  sugar  in  the  red  beet.  Beta  cicla^  which  he  deemed  capable  of 
manufacturing  into  the  commercial  ai*ticle.  Ho  found  that,  treated  with  alcohol,  the 
white  beet  yielded  6 '2,  and  the  red  variety  4*6  per  cent,  of  sugar.  But  the  prepara- 
tion of  beet-root  sugar  was  not  developed  until  the  close  of  the  year  1800.  Achard 
and  Hermbstadt,  of  Berlin,  tried  many  experiments  with  this  now  product  with 
equal  success,  always  finding  that  beet-root  contained  crj'stallised  sugar  to  the 
amount  of  6  per  cent.,  with  4  per  cent,  of  molasses,  and  sometimes  a  larger  quantity 
of  sugar.  About  the  time  of  the  Continental  war  native  products  were  in  request 
on  account  of  the  difficulty  and  expense  of  obtaining  foreign  ai*ticles.  The  first 
Napoleon  supported  the  new  product  in  the  pursuance  of  his  **  Continental  system  " 
of  excluding  cane  sugar  from  the  French  markets,  and  a  tiial  of  the  German 
method  was  made,  but  it  was  not  crowned  with  the  success  it  has  now  achieved 
until  ten- years  after  his  overthrow.  The  annual  production  of  sugar  in  i8ii  did 
not  exceed  13,000,000  lbs. ;  the  present  yearly  consumption  of  beet-root  sugar  ex- 
ceeds 15,000,000,000  lbs.,  this  enormous  amount  being  supplied  by  more  thoji 
eighty  manufacturers. 

specieiof  Beet.  The  Vegetable  known  as  boct-root  is  a  largo  fleshy  root  of  the  beet,  a 
plant  of  the  species  Beta  maritima,  largely  cultivated  in  Franco,  Belgium,  and 
Portugal  for  the  production  of  sugar.  There  are  several  varieties  of  the  two  species, 
the  white  beet  being  preferred  on  account  of  its  yielding  more  sugar,  and  also  for 
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its  purity  of  colour,  tlie  red  beot  being  cLiofly  ctiltivatetl  fur  culinary  piirposeaH 
Thero  is  also  the  field  boet,  commonly  known  as  the  mangold  wurzel,  which  wa»  i 
first  used  as  provender  for  cattle  about  the  en<l  of  the  last  century*     The  sugar  beet 
hftSi  in  course  of  cultivation,  been  improved  by  many  new  methods  of  manuring, 
&C.J  until  it  yields  13  and  sometimes  14  per  cent,  of  sugar.     In  Germany  the  follow- 
ing vaiieties  of  beets  are  principally  cultivated  :■ — 

I,  QuendlinbuTg  beet,  a  slender  rose-coloured  root,  and  very  awoot ;  it  is  matured  J 
fourteen  days  before  any  other  kind.     2.  Sileaian  beot  is  pear-shaped,  with  bright  j 
green  ribbed  leaves;  it  is  known  as  the  green-ribbed  beet,  and  does  not  produce  so  i 
much  sugar  as  the  former*    3,  Siberian  beet  is  pear-shaped,  with  white-green 
ribbed  leaves,  and  h  known  as  the  whito-riblxsd  beet.     It  does  not  yield  so  well  as 
the  Silesian  beet^  although  of  a  greater  weight.    4.  The  French,  or  Belgian  beet, 
bos  email  leaves  and  u  slender  and  spiral  root,  yielding  sugar.     5.  The  Imperial 
beet  is  slender  and  pear-shaped,  yielding  much  sugar,     The  king  beet  is  a  bien- 
nial; in  the  first  year  the  root  is  merely  developed*  in  the  second  it  bears  seed. 

The  lolloping  is  a  list  of  the  coantriea  where  the  beet  is  cultivated  for  sugar : — ► 


In 

Austria 

Austria 

Bohemia 

Prufwia 

Prusma 

Baden      , , 

Praaoe: — 
Northern  Bcpartmenta  \ 
Other  „  ) 

France     .. 


According  to — 

Krause 
Burger 

Nenmaim 
LUder»dorff 
Thaer 
Stakel 


Bect« 
gathered 
inowts. 
104-145 
J69— 193 
112—145 

146 

180 
120 — 160 


The  mannf  actuTQ 

of  suitable  3oeU 

in  cwta. 

Into  Sum 

inpoxmda. 

SS— 123 
143-164 

95-123 
124 

153    ^ 
102—136 

770-iofl 

836-1160! 
1088 

896—1196 

168 
105 
«7 

1476 
1116 

Dmnas  [  J?3 

I  124 

BouBsingftult       149 

In  general   140  to  160  cwta.  aro  cultivated,  cut^  and  cleaned,  per  ai^rc,  there  being  four 
Magdeburg  aorea  to  one  hectare,  which  usually  yields  sufficient  roots  fvr  throe  days'  work. 

*^*'*'^l?i»^'Bm!'**'''*      "^^  ^^^  ^^  ^^^^  ^eet  consists  of  a  quantity  of  small  cells  con- 
taining a  clear,  colourless  fluid.     The  constituents  of  the  sugar-boet,  according  to 
chemical  analyses,  are: — 
Water 

Sugar       

Coliuloso  . . 

Albumen^  caseino,  and  other  bodies 

Fatty  matter . .      

Organic  substances,  citiic  acid»  pectin  and  pectic  acid, 
aflparagin,  aspartic  acid,  and  betain,  a  substance  having, 
aooording  to  M.  Scheibler,  the  formula  (J15H33N3O6     . . 
Organic  salt&,  oxalate  and  poctate  of  calcium,  oxalate  and  f      37 

pectato  of  potash  and  sodium  ♦ 

Inorganic  salt^,  nitrate  and  sulphato  of  potash,  phosjihate 

of  lime  and  magnesia       , .     , .     . . ^ 

Kear  Magdeburg,  where  the  beet  is  exteneavely  cultivated,  the  general  reeulta  1 
give  ;^ 

The  greatest  sugar  production,  as  13:5  per  cent. 
That  ^m  inferior  beets,  as      . .     g'z      ,, 
The  average  beet  yielding  , .      . ,   iiu      ,, 
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The  components  of  the  beet  vary  according  to  the  time  of  the  year,  it  at  some 
periods  containing  more  water  than  at  others,  from  82  to  84  per  cent,  being  the 
average.  In  the  autumn  it  does  not  contain  slime  sugar ;  in  February  and  March 
the  components  intermingle  and  some  decrease  nearly  2  per  cent.,  as  shown  by  the 
following  analyses : — 

October.  February. 

Woody  fibre  and  pectin     . .  3*49  per  cent.  2*52  per  cent. 

Water 82*06      „  84*36 


Sugar 12*40 

Slime  sugar 0*00 

Mineral  salts        0*75 

Organic  acid  and  extractives  i  *30 


10*60 
0*65 
0*63 
1*24 


loo'oo  100*00 

124  cwts.  of  beet  yield  on  an  average  i  cwt.  of  raw  sugar. 

SMdurimetry.  The  measure-  of  the  amount  of  saccharine  matter  contained  in  the 
various  crude  sugar  productions  can  be  estimated  either  by  the — 

1.  Mechanical, 

2.  Chemical,  or 

3.  ifhysical  method. 

ACechanicai  Method.  The  middle  part  of  the  beet  is  cut  in  thin  slices  to  the  weight  of  25 
to  30  gnns.  each,  and  dried.  From  the  difference  in  weight  before  and  after  di^inK*  the 
quantity  of  water  contained  in  the  root  is  ascertained.  The  dry  residue  is  pulverised,  and 
then  treated  with  boiling  dilute  alcohol  of  a  8i)ecific  gravity  of  0*83.  By  this  means  the 
sugar  is  dissolved,  and  the  weight  ascertained.  The  insoluble  residue  gives  after  drying 
the  weight  of  the  cellulose,  protein  bodies,  and  mineral  constituents.  If  the  alcoholic 
solution  be  placed  in  a  vacuum  over  caustic  lime,  it  gradually  becomes  more  and  more 
concentrated,  until  after  standing  about  a  day,  the  sugar,  owing  to  its  insolubility  in  abso- 
lute alcohol,  may  be  collected  in  small  colourless  crystals,  only  absolute  alcohol  remaining. 
Oood  sugar  beets  give  20  per  cent,  dry  residue,  the  water  amoimting  to  80  per  cent.  Of 
the  20  per  cent.,  13  per  cent,  is  usually  sugar,  and  the  remaining  7  per  cent,  pectin,  cellu- 
loee,  protein,  and  mineral  substances.  The  higher  the  specific  weight  of  the  juice  of  the 
beet,  the  more  sugar  it  contains.  The  juice  of  a  good  beet  proi)erly  cultivated  marks  8' 
and  sometimes  9""  B. 

chemicia  Method.      The  chcmical  method  is  based  upon  the  following  facts : — 

a.  The  known  proportional  solubility  of  hydrato  of  lime  in  cane  sugar. 

h.  The  capability  of  a  cane  sugar  solution  to  reduce  the  hydroxides  of  copper  to 

protoxides,  the  quantity  reduced  aflfording  an  estimate ;  and  the  conversion 

by  acids  of  cane  sugar  into  inverted  sugar  (a  mixture  of  levulose  with 

dextrose  or  glucose). 

c.  The  fermentation  of  sugar,  giving  rise  to  the  formation  of  alcohol  and 

carbonic  acid,  the  amount  of  which  can  be  ascertained,  4CO2  corresponding 

to  I  mol.  of  cane  sugar,  C12H22O11. 

The  first  of  these  methods  is  that  of  determining  the  solubility  of  hydrate  of 

lime  in   a  cane  sugar    solution.      The    fluid  containing  sugar  is  stirred    with 

hydrate  of  lime,  the  quantity  of  which  dissolved,   estimated  by  titration  with 

sulphuric    acid,    determines   the    quantity   of   siigar.      The   second    method    is 

grounded  on  the  researches  of  M.  Trommer,  who  found — (i.)    That  cane  sugar 

in  an  alkaline  fluid  does  not  reduce  oxide  of  copper;   but  it  becomes  reduced 

if  the  sugar  has  previously  been  boiled  with  sulphuric  or  hydrochloric  acid, 

the  acid  converting  the  cane  into  inverted  sugar.     2.  The  quantity  of  the  reduced 

protoxide  is  proportional  to  the  quantity  of  sugar.    Barreswil  and  Fehling  give  a 
26 
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teat  liased  on  this  law:— An  alkalino  solutitm  of  oxido  of  copper  is  made  by 
disBolTing  40  grins,  of  stilphat©  of  wpp^r  in  160  grms.  of  water^  and  adding 
a  solution  of  160  gnna,  of  neutral  tailrate  of  potaah  in  a  little  water,  with 
600  to  700  grms,  of  caustic  soda  ley  of  a  spet^ific  gravity  ^i*  12,  The  mixture 
shonld  bo  next  diluted  to  1154*4  c.c.  at  I5\  A  litre  of  this  copper  solution  contains 
34'65  gnna.  of  sulphate  of  copper,  and  rot|uirf>3  for  its  reduction  5  grms.  of 
dextroeo  or  lcvulo5ie ;  qy  10  atonijs  sulphate  of  copper  (1247*5)  ""^  reduced,  by 
means  of  i  atom  of  dextrose  or  lovulose  (iSo),  to  protoxide  (34*65:5^  1274*5:  iSo, 
or = 6*93:  i),  10  c.c,  of  the  copper  solution  corresponding  also  to  0*050  grms,  of  dry 
dextrose  or  lovulose.  Mtilder  prefers  a  solution  in  which  1  part  of  oxide  of  copper 
corresponds  to  0^55^  part  of  doxtroso  or  lovulose  of  the  formula  CgHi^Oe^-Hat);  by 
the  uso  of  this  test- liquor,  the  amount  of  sugar  may  bo  ascertained  with  great 
accuracy.  By  another  method  lo  c.c.  of  this  copper  solution  are  heated  with  40  c,c. 
of  water,  and  pkcedin  a  sugar  solntion  till  all  the  oxide  of  copper  ia  reduced.  When 
this  point  is  nearly  reachcdj  the  precipitato  becomes  redder,  and  forms  more  rapidly. 
Testing  tho  filtrate  with  ferrocyanide  of  potassium  will  throw  down  a  yellow  pre- 
cipitate if  there  be  sugar  in  excess.  The  copper  salts  are  instantaneously  reduced 
by  the  sugar  in  corresponding  quantities ;  long  boiling  is  not  necessary,  too  paai« 
doxtroso  or  levuloso  correspond  to  95  parts  caue  sugar. 

TtanaratTot.  The  thij'd  methoii,  tho  ferment  test  as  it  is  generally  *tenne*l,  is 
pounded  on  the  fact  that  a  solution  of  sugar  may  bo  preserved  for  an  indefinito 
period  ia  an  open  or  oloso  vessel ;  but  that  if  decomposing  azotized  matter  be  acci- 
dentally or  intentionally  added,  the  sugar  is  converted  first  into  dextrose  or  levulose, 
which  suffering  vinous  fermentation  is  converted  into  alcohol  with  the  evolution 
of  carbonic  acid, 

I  mob  of  cane  sugar,  )      yields  by     (4  mols.  of  carbonic  acid  ^  176, 
CnO=:  342,  J  fermentation  |  4  mols.  of  alcohol  =  188. 

The  estimation  of  the  quantity  of  carbonic  acid  is  easily  performed  by  moans  of 
the  alkalimotric  apparatus  of  Fi^senius  and  WilL  Tho  fennentation  being  com- 
plete, the  air  is  8uckc*<l  out  of  tho  apparatus,  jmd  tho  amount  of  ctu'bonic  acid 
estimated  from  its  loft8»  which 

Multiplied  by  yi==  1*9433,  gives  the  quantity  of  t^auo  sugar, 
,,  iV^  2*04545,  gives  the  quantity  of  doxtrost\ 

PhTiitki  MtUuMi.  The  raw  sugar  containing  dextrose  or  dextrine  rotiites  tiiu  piano 
of  poLanBod  light  to  the  right  hand  in  proportion  to  the  quantity  present.  A 
sugar  solution  of  100  c.c.  containing  15  grms.  of  sugar  turns  tho  ray  of  pohmsed 
light  of  200  millimetres  lengthy  20"*  to  the  right.  Proportionally  a  solution  of 
100  c.c.  containing  30  gruis.  of  sugar,  turns  the  ray  40"*.  Tho  fonns  of  polarimeti 
artj  very  various,  and  this  method  of  estimation  has  received  attention  from  many^ 
eminent  physicists. 

'*'*fSiSttI5!»S**'     ^^^5  preparation  of  sugtir  fi-om  the  beet  consists  in  the  foUowin^j 
Dperations:— 

I,  Washing  and  oloansing  the  bcvt. 
3,  Obtaining  the  juice  from  the  root. 

a.  The  root  is  ground  to  a  pulp  and  suhjCKjtcHl  to  hytlraidic  preasiire, 

4,  The  juico  is  extracted  from  the  palij  by  mt^ana  of  a  centrifugal  machine, 

y.  Aj^oovding  to  Schut^enbochj  after  tlie  maceration  j  aioo  ia  separated  froin  the 

pnlp  by  water, 
t.  TliA  root  is  cut  into  thin  ftlic/?s  and  placed  in  a  vesacl  (diffusion  apparatoi)  wUb 
wftitjr  At  a  certain  tenipernture. 
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3,  Eofining  the  juioe  with  limt?,  find  remoTing  the  limo  with  carbonic  acid. 
4*  Filtering  th©  juico  through  charcoal. 

5,  Boiling  the  refined  juice  for  crj^sUllisation. 

6.  The  miinufjictiire  of  raw  and  refined  sugar. 

n.  Baw  or  moist  sngtir, 
/3,  Befined  or  kmf  sugar, 

1.  WuMng  and  Cimntring  the  Bed.— The  beet  when  newly  dug  requires  washing 
and  cleansing,  which  tiikes  10  and  sometimca  20  per  cent,  from  the  weight  of  the 
root.  Champonnois*s  washing  machine,  is,  perhaps,  the  most  successful  j  it 
consists  of  roYolving  drums  of  open  iron-  or  wood- work  pkced  in  a  trough  supplied 
with  water,  the  drums  making  from  8  to  40  revolutions  in  a  minute.  The  beets 
cleansed  ft-om  all  impuiitieB,  washed,  are  cut  and  suhmitted  to  eliitriation  on  a  sieve. 
From  1000  ti>  1200  cwts.  beets  can  be  prepared  per  day  of  twenty-hour  hours  with 
a-horse  power;  the  length  of  the  washing  drum  being  from  3*1  to  4  motr<.^3  with  a 
diameter  of  i  metro,  the  drum  making  from  30  to  40  revolutions  per  minute, 

2.  Separatmff  the  Juke  from  the  Moot — Thorb  are  two  methods  of  effecting  this ; 
the  first  by  grinding  the  root  to  a  pulp,  and  then  remoYing  the  juice  by  i — 

a.  Pressing. 

$.  Centrifugal  force. 

y.  Maceration* 
The  sugar  in  the  beet-root  is  contained  in  the  cells,  which  are  easily  opened,  but 
require  a  moderate  pressure  to  extract  tho  juico  containing  the  sugar.  A  hand- 
giiiiding  machine  is  sometimes  fomid  eutfieient  for  this  purpose,  but  Thiorr\''s 
crushing  machine,  shown  in  the  following  illustration,  Fig.  211 »  is  generally  used* 
The  grinding  cylinder,  Fig.  212,  is  0*5  to  o'6  metre  in  lenp^th,  and  o'8  to  I'o  metro 

Fio.  211. 


^yii, 


m  diameter,  the  penpherj'  being  set  with  250  saw-blades,  t  (Fig.  211)  is  a  funnel 
to  admit  water ;  i  the  trough  into  which  the  roots  are  placed ;  m  the  cistern  to 
receive  the  pulp.  Tlie  motive  power  gears  with  a  and  «  ;  and  the  moti**n  of  the 
axis  of  a  in  by  means  of  the  pinion,  6,  communicated  to  the  eccentric,  d,  and  friction 
roller,  e,  thence  by  the  aruj,  </.  and  connecting-rod,  A,  to  the  plunger,/,  which  presses 
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Ihe  lOOfts  ogaiiifit  the  edges  of  tlii*  saw-blades  concealed  bj*  tLo  caso,  w,  tlie  i 
being  regulated  by  tho  weight,  k.     The  cylinder  revolves  looo  to  1200  timet 
niinato,  reducing  from  800  to  1000  owts,  of  beets  to  pulp  in  twonty-four  hours,  \ 

The  water  from  t  is  necessary,  thai 
the  pulp  may  bo  ground  to  a  finer 
consistenco, 

a.    The    juico    is    obtained    by 

pressing  tho  pulp  by  means  of  a 

efame  or  iron  roller  through  a  series 

of  linen  cloths.     But  in  tho  French 

mtiiiufactories    the    fiydraulic    or 

Dram  ah    press   is   most   generally 

adopted.      The  j^ulp   is  placed  in 

sacks  or  bags  between  iron  plates, 

and  subjected  to  a  pressure  of  500  | 

to  600  Ihs.  Tno  expressed  juice  flows  from  the  bed-plate  into  a  pipe,  which  conducts 

it  to  a  roceptado,     100  cwts.  of  beett  with  a  pressed  residue  of  18  per  c«nt.,  yield 

82  per  cent,  good  juice. 

tiMBMidM.      According  to  the  researches  of  M»  Wolff,  the  residuo  of  the  crushers 
used  at  Hohenheim  contains — 


When  the  beets  are  pressed  with  r — 

Frefih  Boots. 

Water      8156 

*Aah   . .      , .      . .      . ,  089 

CeUidorte V^X 

Sujyar        , irSS 

Protein  siibHtances. ,  0*87 

Other  nutritiGiis  „  . .  3*47 


2operoent, 

Water. 

6801 

5'47 

I-OS 


14  per  cent. 

Water. 

67-92 

574 
604 
758 
1.67 
1005 


Without 
Wot^*. 

6594 

52S 

6-68 

672 

1102 

H3I 


100 parts  of  beet  leave  lyz  parts  residue  and  768  pArta  juice  of  the  following 
ntion ; — 

Bosidiie.  Juice. 

Water 15*61  65-95 

Aih        ..     .,       r27  (F) 

Ccilolone         1  '47  — 

Sugar     172  10-17 

Carbon  hydrate ,     . .      2-84  0*63 

Frotein  substanoes       . .     . .     . .      o^^S  0*58 

23-20  76S0 

J8*  Tho  juice  is  now  generally  obtained  from  tho  pulp  by  means  of  the  centrifugal 
ma*^hine  to  tho  extent  of  50  to  60  p«^r  cent.*  water  being  applied  to  the  residue  to 
obtain  a  ihin  pulp  also  used  in  sugar  monufrtcture.  A  oeutrifagal  machine  i  metre 
in  dinroeter  will  express  loo  cwts.  per  day.  The  power  to  which  the  first  juice  is  duo 
is  5*1  annosphercs,  60  per  cent,  juice  being  expressed.  Tho  remainder  of  the  juice, 
after  the  addition  of  water  to  the  contents  of  the  machine,  is  expressed  at  a  preesux^ 
of  I '8  atmospheres,  the  quantity  of  water  amounting  to  50  to  60  per  cent,  of  the 
quantity  of  beets.  Of  the  roots  50  per  cent.  rom&ln«  20  per  cent,  in  tho  residue, 
and  30  per  cent,  in  tlie  clarifying  Tossel. 

y.  Treating  thebeet*pulp  according  to  SchOtzenbach's  method  of  immersion  and 

.  maceration  in  ortler  to  obtain  the  juice.     Tho  roots  are  cleaned  and  then  cut  in 

\  slices  by  a  cutting  machine.     Ihcy  are  then  passed  to  a  drying  chamber  heated  to 

50*,  and  subsequently  ground  to  a  meal,    Four  parts  of  this  meal  are  allowed  to 
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macerate  in  9  parts  water,  to  which  sometiines  sulphuric  acid  is  added.  Another 
method  is  to  moisten  the  dried  beet-meal  with  milk  of  lime,  and  afterwards  continue 
the  operation  in  a  bath  of  water  heated  to  80®.  These  methods  are  largely  used  in 
Germany,  where  in  general  practice  it  is  found  that  475  cwts.  of  green  roots  yield 
I  cwt.  of  dry  beet-meal.  The  juice  is  afterwards  treated  with  lime-water  for  the 
purposes  of  purification. 

d.  Before  any  juice  can  be  obtained  it  is  necessary  to  open  the  cells  in  which  it  is 
confined.  This,  as  it  has  been  seen,  may  be  efifected  by  pressure  or  by  maceration  in 
water,  by  which  the  cells  are  broken  and  to  which  they  yield  their  sugar.  The 
action  with  each  cell  is  very  similar  to  that  of  the  dialyser  used  in  dialysis ;  the 
sugar  becomes  gradually  diffused  in  the  water,  the  insoluble  substances  remaining 
with  the  cell.  By  this  means  a  very  pure  sugar  solution  may  be  obtained  and 
afterwards  concentrated.  The  diffusion  residues  are  always  very  watery,  containing 
93  per  cent,  water  and  7  per  cent,  dry  substances. 

componenu  of  the  Juice.  The  juico  after  being  expressed  from  the  pulp,  if  allowed  to 
remain  exposed  to  the  action  of  the  air,  throws  down  a  dark  flaky  precipitate. 
The  more  free  acids  the  juice  contains  the  lighter  will  be  the  colour  of  the 
precipitate,  and  the  juice  will  appear  of  a  brown-red.  The  juice  is  not  only 
a  solution  of  sugar,  but  contains  the  soluble  constituents  of  the  beet,  in 
which  nitrogenous  and  mineral  substances  are  very  prominent.  Sugar  under 
fermentation  forms  lactic  acid  and  other  products ;  but  is  is  separated  from  alL  im- 
purities and  refined  into  crystals.  The  usual  method  of  refining  is  to  boil  the 
juice  rapidly  in  copper  refining-vessels  constructed  with  double  bottoms.  The 
rapid  boiling  separates  the  coagulated  juice,  whilst  the  free  acid  is  neutralised 
by  the  introduction  of  dilute  milk  of  lime.  The  lime  also  serves  to  separate 
the  nitrogenous  substances  of  the  juice,  and  enters  into  a  combination  with  a 
small  portion  of  the  sugar,  forming  sugar-lime  or  calcium  saccharate.  Lime,  too, 
throws  down  from  their  salts  protoxide  of  iron  and  magnesia,  while  potash  and 
soda  are  set  free.  The  quantity  of  lime  added  depends  upon  the  condition  of  the . 
root.  As  a  rule,  to  100  pounds  of  juice,  i  to  2  pounds  of  lime  are  added,  or  to  2  cwts. 
of  roots  I  pound  of  lime.  The  insoluble  combinations  of  lime  are  separated  from 
the  juice  as  a  slime  by  filtering  in  a  filtering  press. 

♦  3.  De-Limingf  or  Saturating  the  Juice  with  Carbonic  Acid. — The  clear  juice  is  by  no 
means  a  pure  sugar  solution,  but  contains  besides  free  sugar,  sugar-lime,  free  potash, 
and  soda,  sometimes  ammonia,  and  a  small  quantity  of  nitrogenous  organic  substances, 
decomposed  by  the  free  alkalies,  ammoniabeinglargely  developed  by  their  evaporation. 
The  juice  also  contains  various  organic  acids  (as  aspartic  acid)  and  alkaline  salts  (as 
sulphate  and  nitrate  of  potash).  The  decomposition  of  the  sugar-lime  effects  the 
removal  of  the  extraneous  substances  from  the  juice.  The  physical  method  of  puri- 
fying the  juice  is  by  filtering  it  through  animal  charcoal,  while  the  chemical  method 
is  effected  by  means  of  carbonic  acid.  The  use  of  carbonic  acid  was  first  recom- 
mended by  Barruel,  of  Paris,  in  181 1,  and  later  by  Kuhlmann,  Schatten,  and 
Michaelis.  The  latter  obtained  the  gas  from  the  action  of  sulphuric  acid  upon 
chalk,  or  better  upon  magnesite ;  the  former  employed  the  gas  resulting  from  the 
combustion  of  charcoal  or  coke.  Lately,  Ozouf  has  prepared  carbonic  acid  gas  by 
heating  bicarbonate  of  soda.  In  the  German  manufactories  the  decomposition  of  the 
augar-lime  is  effected  in  a  Kleeberger's  pan,  ¥ig.  213.  This  apparatus  consists  of  a 
oast-iron  cistern,  B,  to  contain  the  juice.    The  carbonic  acid,  having  been  washed  in 
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ptiro  water,  J8  admittod  by  tho  pipe,  m,  which  dips  nearly  to  the  bottom  of  th© 
Teasel,  B,  and  is  divided  interaully  by  a  partition  for  tho  better  dissemination  of  tho 
gas.  Tho  unabsorbed  gas  coll&cts  in  b  over  the  juice,  whence  it  passes  through  tho 
opening,  p^  into  the  upper  chamber,  A.  >Yhen  the  juice  sinks  through  p  into  B,  tho 
gas  there  collected  passes  through  a  into  n,  and  is  thence  re -conducted  to  tho 
reservoir,  "VMien  tho  juice  is  sufficiently  cleared,  the  caibonic  acid  cock,  o,  is  turned 
off,  and  the  juice  allowed  to  flow  into  a  reservoir  tlirough  7,  where  the  caibonate 
of  lime  settles.    The  dear  juioe  is  then  Et  for  crystallisation.     The  man -hole,  t,  isi 
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provided  for  the  cleansing  of  the  apparatus  fitmi  separated  carbonate  of  lime.  The 
juice  to  bo  de-hmed  is  supplied  to  th©  dstem,  b»  by  means  of  the  pipe,  #,  and  the 
gutter,  t 

ot]i«rM«titod»«irDe>Liiciiii     Instead  of  employing  carbomc  acid  or  animal  charcoal^  the  lizn« 
the  Juice.  of  the  sagar^itno.mav  bo  removed  by  Uio  addition  of  a  substanoo 

:»r  an  acid  which  forms  with  it  an  inaobible  body,  but  does  not  affect  the  sugar.  Oxalie 
afiid  m  auitablo  for  this  puriwwe,  oxalntc  of  lime  beings  jueohible  in  tho  eugar  solutioiiy 
hut  tho  a<?id  is  very  expensive,  and,  beside*,  tho  precipitate  i:*  tcm  fine,  pnssing  through  the 
filter.  Phosphoric  acid  is  used  for  the  purposa,  phosphate  of  Hrae  Heparatinj;  into  fijik^ 
whieh  can  be  easily  removed  by  filtering  through  a  tltin  layer  of  chiirc<>aL  Any  fr«^ 
phoflphoric  oeid  i^  conyerted  int^j  p)in«phrit.e  of  amrooma^  neutralising  the  alkali,  while  the 
(neoeifl  of  ammonia  is  volntiUsed  on  the  spplicaticni  of  heat  to  the  juice.  Oleic,  stearii%  anj 
!i3'drat<Kl  silicic  neids,  and  casein,  similiirly  throw  down  precipitates.  Acar  uses  pectle  acid, 
whinh  form,-*  with  the  lime  an  insoluble  pcctate,  Mnr^^enst^m  has  found  sulphate  of  mag^- 
nest.'v  prepared  from  the  Stiissfurt  ki»\sente  stieccBsful  in  removing  part  of  tho  ImpuritieB  as 
well  as  a  portion  of  the  eoloumifir  matter.  Frickenliaus  tried  hydrofluoric  acid.  In  iSi  i 
Proust  rooonunended  aulphtte  of  lime ;  and  in  1829  Dubnmfaufc  took  out  a  pat^^nt  for  the 
employment  of  sulphuroua  acid.  Mclsens,  of  Brassels,  iu  1849,  employed  hyposulphnroua 
aeid,  which  at  100"  separates  the  liroe  and  most  of  the  protein  subst&noest  and  disguise 
for  a  time  the  eoIouHjig  matter,  the  colour,  however,  returning'  on  exposuro  to  air,  and 
remriininpf  permanent. 

rurirytnt  with  liar? t a.  Al»ont  fifteen  yenra  ng-o  Dnbranfant  and  Be  Massy  patented  a 
method  of  pnrifyinjjr  the  juice  by  means  of  cauMtio  baryta,  whieh  forms  with  oane  lagjttr 
at  the  lioihn^-point  the  iusolnblo  wieohflrate,  C,j.H^^(]l  -BaO  ;  in  praetioe  sufficient  oniutio 
baryta  is  added  to  thmw  down  all  the  «ii)6r.ir.  Tiio  su^ar-Viariia  is  tlius  sopantcd 
from  the  mipematant  fluid  in  which  all  the  forei^ni  substanet'S  remain  imspended ;  and  ii* 
next  treaterl  with  carb<mie  acid  to  form  carbonate  of  baryta  and  set  the  sugar  free.  Thm 
Htdution  tH  then  filti^red  and  some  gyp«iim  added,  which  gives  xise  to  the  double  deoon 
position  of  the  carbonate  of  baryta  into  sulphate,  and  of  the  gyptusa  into  oarh«»Jite  of ' 
limfl, 

4.  r/i«  Filtration  of  the  Juice  through  Animal  Charcoal^  and  the  Evaporation  1/ 
%he  Juiet. — ^Tho  various  apparatus  here  play  the  moet  importtrnt  part. 
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Ttif'mut  Bowdos  acting:  as  a  filter,  cliarcoal  possesses  the  property  of  removing 
the  colour  from  the  liquid  allowed  to  percolate  through  it.  "Wood  charcoal  was 
firat  tiscd  for  the  purposes  of  su^ar-refining  in  1798,  but  lately  has  giren  place  to 
the  employment  of  animal  charcoal  (l>ou0  charcoal)*  which,  according  to  Scliatten, 
has  a  tendi'ncy  to  remove  the  limo  and  salts  in  the  juicf .  At  firat  it  was  used  in 
powder,  but  now  it  is  c^mployed  in  the  fonn  of  lumps*  The  old  method  canaisted 
in  boiling  the  powdered  charcoal  with  the  juice,  blood  being  afterwards  added,  as 
in  the  usual  methods  of  su^r- refining. 

Fig.  214  exhibits  a  section  of  Taylor  9  filter,  which  haa  been  in  uso  since  1825. 
The  juice  is  admitted  to  the  upper  cistern,  A,  by  means  of  the  pipe,  0,  and  gra- 
dually percolates  through  the  long  linen  bags  suspended  from  the  bottom  of  a  in 
B»  and  containing  charcoal,  a  layer  of  charcoal  being  also  placed  in  A.     The  mouth 
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of  cat?h  hag  is  kept  open  by  a  iii  n  1 1  '  \vn  at  P.  Tlie  filtered  j  nioo  is  received 

into  the  lower  cistern,  whence  it  pu>.^<  .^  uy  uio  pipe,  a,  into  the  reserToii*. 

DaRMinti  Filter.  Pajot  dcs  Charmed  employed  animal  charcoal  in  182a,  hut  Dumont 
was  perhaps  the  first  to  mako  its  use  euccessful  by  moans  of  a  filter  still  bearing 
his  name,  shown  in  vertical  section  in  Fig,  215,  and  in  plan  in  Fig.  216.  The  juice 
is  supplied  to  the  tilter,  A,  frt»m  the  cistern^  D,  the  supply  being  regulated  by  the 
ball-cock,  d  e.  The  pieces  of  charcoal  in  A  rest  upon  the  sieve,  b  6,  the  percolating 
juice  being  roceivwl  into  the  cistern,  and  removed  by  the  tap,  0.  c  is  a  man-hoi© 
for  the  cleansing  of  the  apparatus, 

Efaporatiun  p.»ni.      Tho  pfius  generally  in  use  for  evaporating  the  juice  to  crystallisa* 
tion  are  made  sufficiently  strong  to  withstand  high  steam  and  atmospheric  pressure. 
The  processes  of  evaporation  are  I — 
I.  Under  the  usual  air-pres!?uix' : 

a.  In  pans  suspended  over  an  open  fire ; 

h,  "With  high  steam  pressure ; 

c.  By  hot  air. 


i  CMEMICJL   TECEK0L0G7, 

XL  By  diminislied  air-pressure  or  yacuum  pans,  the  vacuum  being  produced: 
«.  By  tho  air-pump ; 

6.  On  the  principle  of  tho  Torricelli  vacuum  ;  ^ 
r*  By  means  of  atoam  and  rondousation ; 
d.  By  combining  tho  methods  a  and  h. 
The  pans  are  constructed  to  prevent  tho  boiling  over  of  the  juico.    One  of  the 
iU  effects  of  an  open  fire  is  the  danger  of  over-heating,  or  burning  as  it  is  called. 

Fig.  215. 


which  doteriorates  the  quality  of  tho  sugar  solution  in  various  'ways,  forming] 
caramel.      Fig.  217  is  a  verticiil  section,  uud  Fig*  218  the  plan  of  an  open  pim 
aiTangement.     D  is  iho  evaporating  pan.  A  tho  fire-place,  c  the  ash-pit,  E  and  O 
the  flucf.    The  fuel  is  placed  on  the  felopiug  grid,  h^  through  tho  fumace-door,  a, 

Pia.  216 


The  iire-room  is  arched,  the  flame  and  hot  ga^i ,-  ,  -  a-U  tho  openings,  e  f, 

into  contact  with  tho  evaporating  pan ;  1 1  admit  fire-place*    Tho  u^e  of 

a  BOBpcDded  pan,  as  Bho^^ii  in  Fig,  219,  is  pn?fonible  lor  mnny  reasons.  When  the 
juice  i^  sufficiently  concentrated,  tho  workman  has  only  to  pull  tho  rope,  w.  to 
empty  the  pan. 

Tho  Pecquer  evaporating-pan  is  heated  by  fiteam,  the  pipes.  Figs.  220  and  23i, 
being  placed  horizontally  under  the  pan.     The  fteam  enters  by  ci  into  ft,  paaae^  \ 
through  tho  pipc^,  and  is  convoyed  away  by  d  and  f.    The  heating  by  steam,  { 
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In  Franco,  DerosnG*3  ap|>QnihiB  is  extensively  used ;  but  tliat  which  wo  shall 
describe  meets  witli  general  approval  in  Germany,  and  has  the  advantages  of  being 
eimpler  in  conatniction  and  leaa  costly  to  work.  Fig*  223  as  a  perspoctivo  view, 
and  Fig.  224  a  section  of  tins  form  of  evaporating  pan.  The  boiling-pan,  B,  con- 
sists of  two  air-tight  hemispheres,  surmounted  by  a  funnel  connected  by  tho  tube, 
/,  with  the  condenser,  A.  The  apparatus  is  supplied  with  steam  by  r  *,  tho  steam 
ciit:ulatiiig  in  the  boiling-pan  by  means  of  the  pipes,  ^,  Fig.  224,  By  opening  the 
lever  valves,  /,  tho  juice  can  be  run  by  means  of  the  pipe,  o,  into  the  pan,  p* 
When  the  pan,  after  continued  boiling,  reqixiros  to  bo  re-filled,  the  pipes  I  and  w 
ar«  connected  to  an  air-pump,  The  manometer,  A,  shows  the  state  of  the  air-proa- 
sure,  which  can  be  regulatetl  by  opening  the  pipes  connected  to  the  vactium- 
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chamber.  By  means  of  the  gauge-cylinder,  G,  th©  quantity  of  syrup  in  the  l>oiling- 
pan  can  be  ascertained,  tlie  gauge-cylinder  being  connected  to  the  boiling-pan  by 
the  pipes  a  and  t",  and  the  height  road  off  from  the  gauge-tube,  n.  The  s)Tup  can 
be  removed,  for  the  purpose  of  ascertaining  its  consistency;  from  the  gauge- cy Under 
by  means  of  either  of  the  tlireo  pipes,  h  c  d.  By  u  steam  cnn  be  admitted  to  tho  boil- 
ing-pan and  condenser,  e  is  generally  of  stout  glass,  through  which  the  state  of 
the  juice  can  be  observed.  1/  is  the  groaae*cock,  butter  or  Sostinan's  parafBn  being 
generally  used  to  prevent  tho  adhesion  of  the  scum  to  the  working  parts  of  the  pan, 
the  taps,  i^'c,  /is  the  man-hole.  Tho  condenser  consists  of  tho  jacket,  B,  arranged 
to  prevent  tho  mixing  of  the  juice  with  the  water  used  for  condensation,  x  is  the 
gauge.  Tho  pipe  t«,  eonveyinj^  water  fo  tho  condenser,  terminates  in  arose,  s  isa 
thermometer,  showing  tho  interior  temperature  of  the  boiling-pan. 

The  air-pump  being  set  in  operation,  tho  tub©  c  is  opened,  and  tho  gauge-cylinder 
illled  by  the  juico  rising  from  5,  By  closing  m  and  opening  2  the  juice  is  admitted 
to  the  boiling-pan.  When  this  is  half  full  the  steam-pipe,  *,  is  opened,  the  steam 
qtiickly  heating  the  contents  of  the  pan  to  the  boiling-point.   The  condeneer  is  then 


jBa 


CHEMICAL  TECnKOLOOT. 


plac<?(l  in  working ;  by  opening  tlio  pipe,  ?,  the  steam  of  tho  juice  passes  into  tlie 
oondenaer,  whore  it  is  epeedUy  condensed,  passing  with  tho  water  through  ^, 
Trappe's  arrangement  is  sometimes  found  useful  in  working  tho  TorricelH  vacuum. 
The  condenser  is  io"6  to  ii  metres  above  the  pan ;  from  it  reaches  a  pipe  to  a  water 
reservoir  beneatii,  the  height  of  the  water  in  this  i)ipo  indicating  the  degree  of  rare- 
faction in  tho  pan. 

^''**T!lu!Jf  *^  Notwithstanding  the  first  purifying,  many  substances  still  remain 
in  the  juice^  the  carbonic  acid  treatment  not  completely  removing  tho  Imie,  free 
potassa  or  soda,  ammonia,  and  nitrogenous  organic  substances.  According  to 
Leplay  and  Cuisinier,  looo  hectolitres  of  juice  yield  300  kilos,  of  sulphate  of  am- 
monia* Among  the  former  decomposition  products  ai*e  also  found  nitrate  and  sul- 
phate of  pot^issa,  chloride  of  sodium,  <S:c.,  besides  levulose,  and  humus  substances, 
which  impart  a  brown  colour  to  the  juice.  Tho  clear  juice  is,  therefore,  agaii 
evaporated  to  density  of  z^  to  25"  B,,  and  afterwards  filtered  through  animul  chjUT' 
coal.  During  this  second  evaporation  the  ammonia  is  got  rid  of,  as  well  as  the 
organic  substances,  while  the  filtration  removes  tho  alkaline  salts  and  the  lime,  and 
also  lightens  the  colour. 

5,  Boiling  the  Evaporated  and  Filtered  Juice  to  CrystaUisatioiu — lifter  tho  second 
Eitering  and  evaporation  the  juice  is  technically  termed  **  thin  juice,*'  and  is  con* 
centrated  to  *•  thick  juice  **  by  boiling  to  the  point  of  crystallisation.  As  a  rule> 
the  juice  speedily  begins  to  seethe  and  rise  in  the  usual  manner  of  boiling  fluids ; 
but  if  tho  throbs  in  this  **dry  boiling,"  as  it  is  termed,  sound  heavy  or  dull, 
•*  fat  '*  as  it  is  called,  it  indicates  that  some  quantity  of  free  alkali  still  is  contained 
in  the  juice,  and  a  remedy  is  found  in  the  cautious  addition  of  sulphuric  acid.  The 
estimation  of  the  specific  gravity  of  the  boiled  juice  is  not  practically  available  as  a 
means  of  ascertaining  tho  degree  of  concentration.  This  is  best  arrived  at  by 
noting  the  boiling-point  of  the  juice,  which  varies  for  pure  juice  from  1 12"  to  120* ; 
but  generally  an  empirica.1  test  is  employed,  a  small  quantity  of  tlio  juice  being 
removed  from  tho  pan  on  a  stick  of  wood,  and  rubbed  between  the  fingers,  n  little 
practico  soon  enabling  tho  workman  to  estimate  pretty  accurately  tho  oonaistence 
of  tho  pyriip.  In  some  cases  tho  juico  is  removed  in  a  ladle,  and  the  consistency 
judged  from  Uie  tenacity  with  which  the  juice  clings  to  the  side  of  the  ladle  when 
liharply  blown  with  the  breath.  The  juice  when  sufficiently  concentrated  is  re- 
moved to  tho  cooler  to  crystallise. 

6,  Prfparattoft  0/  Moist  or  Baw  Su(far,  and  0/  Loaf  Svgar. — "When  tho  juice  liaa 
been  brought  to  such  a  degree  of  concentration  that  it  crystallises  on  cooling,  the 
final  processes  commence.  Tho  crystallisation  proceeds  gradually,  the  crystals  form- 
ing more  quickly  the  purer  the  juice.  The  further  the  purification  bus  been  came<l, 
tho  easier  is  the  separation  of  the  sugar  into  molasses,  and  louf  or  cr)-gtalUso<l 
sugar.  Tlio  loaf  sugar  is  again  wanned  in  a  pan  and  allon^'ed  to  cri'stalUso  in  a 
ioTBi  to  which  the  general  name  of  sugar-loaf  is  given,  variously  distinguished 
icoording  to  their  size  into— 

Loaf  form,  containing  50  to  34  jjounds  sugar. 

Coarse  lump  form  ,,     60  to  70        ,, 

Inferior  form.  ,,  120  to  1 50      ,, 

Tho  forms  are  generally  made  of  clay,  Fig.  225.  encircled  by  a  band  of  wood  to 
preseiTO  the  shape.  Sometimes  the  forms  are  of  polished  plate  iron ;  jmpier  machi 
has  been  used  with  tolerable  success  for  this  purj>oee.    By  the  old  method  of  boil- 
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ing  the  sugar  m  an  open  pan,  the  crystals  formed  unequally  in  the  mould ,  and  had 
to  be  removed  in  soTeral  ways.  The  Tacnum  pan,  however,  does  away  with  this 
proceaa,  the  engar  crystallising  evenly  in  yerj-  largo  quantities.  To  heighten  the 
whiteness  of  the  loaf  sugar,  the  manufacturer  Bometimes  adds  ultramarine  in 
quantities  of  i\  pounds  to  1000  cwts,  sugar. 

After  standing  twenty-four  hours  tho  sugar  is  ^sufficiently  set 
to  be  removed  from  the  mould.    In  working  on  tho  large  scale,  ^'"'  ^'5' 

the  mould*  are  generally  arranged  as  shown  in  Pig,  226,  tho 
overflowing  syrup  falling  into  m»  wheneo  it  i^  conveyed  by  0, 
This  syrup  is  known  in  the  trade  as  green  treacle  or  golden 
syrup. 

nniiiiiitff  ti}«  c<3r»uia.  It  fs  veiT  necessary  th&t  all  sugars  before  being 
moulded  shmild  he  thoroughly  drained  from  all  non-crystallised  juioe, 
which  would,  if  allowed  to  remain,  injuriously  afftHit  the  ec»Iour, 
iirmnpss,  and  drynesa  of  the  8\igBr  loaf.  The  method  of  f>ffecting 
this  drying  ia  by  first  passing  a  small  qnanHty  of  water  through  tlie 
sugar;  tho  water  combinea  with  a  small  portion  of  tho  mxg^t  to 
form  a  very  pure?  syrup,  which  eupplants  the  mokasos  or  non- 
crystallised  juir<5  in  the  interstices  of  the  loaf.  Practically  this 
filtering  takes  place  in  linen  cloths,  or  the  form  is  filled  i»-ith  a  layer  of  pure  juice  to  a 
thieknesB  of  2  to  3  inches,  water  being  added  till  a  aynip  of  thf*  consistency  of  honey 
is  obtained*  when  the  crystallised  sugar  is  forced  in,  and  the  fomj  set  Aside  to  drain. 
Lately,  ti  suction  appanitus^  the  invention  of  M.  KranachiJtz,  has  Um^h  employed.  TMa 
apparatns  consists  of  the  usual  series  of 
forms,  to  the  bottom  of  each  of  which  is 
attached  a  tube  proceeding  to  a  vacuum 
i?hamber,  Bcrving  also  as  a  reservoir  for  tho 
extract4?d  molasses.  The  vacuum  chamber 
is  attached  to  an  air-pump  in  the  ordinary 
I  iiuui3ier» 

Tht  Cdttriftogft]  nrtcr.  The  labotir  and  nncer- 
tainty  attending  the  ahove  methods  of  drying 
have  given  rise  to  the  iuTention  of  a  roa- 
ehine  by  which  tho  non-crystallised  juice 
may  be  extracted  before  the  Buprar  is  moiiltled. 
BohiitsGenbach's  machine  for  this  purpose  merely  <?oiisifrt3  of  a  cistern,  the  bottom  of 
which  18  formed  by  fine  metal  sieves,  admitting  the  percolation  of  the  juice,  the 
damp  eugar  crystals  being  removed  from  the  ciiteni  and  placed  in  forms.  But  tho  most 
effective  is  the  centrifugal  drier,  shown  in  Fij?.  227,  the  invention  of  if.  Fcsca,  con- 
sisting of  an  OTKti  drum,  ^,  of  fine  meshed  wire-work,  caused  to  revolve  in  the  cast- 
iron  case,  h  b^  by  means  of  tho  bevel-wheels,  e  </,  gearing  with  a  motive  power,  the 
dnuti  making  1000  to  1500  revolutiona  per  minute.  The  motion  of  the  drum  can  bo 
stopped  by  means  of  tho  break,  ^,  and  related  by  the  weights  placed  at  0,  Tho  sugar 
containing  non-CTystallised  juice  is  poured  into  the  dnim,  which  being  set  in  rnrolution, 
the  molasses  is,  by  centrifugal  force,  driven  through  the  sieve,  the  diy  sugar  remaining 
in  masses  of  60  to  100  pomids  weight.  The  action  of  the  machine  is  aided  by  the  cone,  ij. 
By  means  of  this  apparatus,  a  bumircdAveight  of  sugar  can  bo  dried  in  ton  to  iifteea 
minutes. 
iUin.iTJft*  the  Sii»«r  fl-Ljm  When  all  the  syrup  has  been  removed,  the  bottom  of  the  loaf  in 
the  Fomu  the  form  becomes  quite  dry  and  bard  ;  tho  loaf  is  now  loosened  in 

tlie  mould  by  means  of  a  long  knife,  so  that  when  the  mould  is  inverted,  the  sugar-loa} 
may  stand  by  itself  on  the  "  unloadinp-  block,"  as  the  bench  is  termed  where  this  operatiot 
takes  place.  From  the  unloading  block  the  loaf  is  removed  to  the  drjin^  room,  where, 
first  at  a  temperature  of  25°  and  finally  at  50',  it  is  dried.  The  loaf  is  now  ready  for  the 
market  or  warehouse,  l^lien  the  pure  juice  is  evapornted  to  the  crystallising-  point,  tho 
small  granular  crystals  formed  upon  cooling-  are  commerci;illy  known  as  the  first  product ; 
the  syrup  rcmoTcd  still  contains  a  quantity  of  crystalliaable  sugar,  and  is  further  evaporated, 
the  result  being  known  as  the  second  product,  and  of  course  considered  inferior  to  mo  first. 
In  the  same  way  a  third  and  a  fourth  pro^iuot,  known  aa  after-producta,  may  be  obtained. 
On  an  average  100  Mlos.  of  beet-root  yield : — 
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First  product  at  97  per  cent 5-80  ldlo& 

Second        .♦       92        t»            ».*..,         225    „ 
Tliird  ,,       87        „  080    „ 

8-35  Idloi. 
Fourth  product,  molaoies,  &c*  . .     , .     . .        3*^5    n 

Total  ..      .«      **.*        12-50 

And  agtdn,  the  ftttgiLn  of  each  reflningr  is  difitinguiBhed  accordin;;  to  its  quality,  viz.,  aa 
refined  augar,  lump  or  boiled  »ugar,  crystaUisod  sugar,  raw  or  mobt  sugnr,  and  mola 

itoct  MoiMc*.  Tlio  mola8s<?9  80  largely  formed  during  the  maniifactur©  of  beet-root^ 
sugar  oontam«  most  of  the  foreign  eubstanoes — caramwl,  nalts,  aspartic  acid — 
eommoa  to  the  caue-sugar  molasses.  Beet  molasses  is  used  extensively  for  sweeten- 
ing pnrpoBos,  for  the  preparation  of  a  coarse  spirit,  and  in  many  parts  of  France 
aad  Germany  as  fodder  for  cMttlc.  The  quality  depends  on  the  mode  of  pr©panD| 
the  beet.     100  parts  of  molasses  contain  ;— 

Sagar ,  50'!  49*0  48*0  507 

Non-saecharine  matter     ,  .  33*3  35*8  34*0  30*8 

Waiter    ..     .,     ,,     •.     ,.  16^5  I5'a  18*0  iS'5 
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1 00*0  loo'o  100*0         100*0 

Bvrirc^dT.      The    large,    hard   cr^ 
formed    daring    the    Yarioii«    stages 
sugar  manufacture,  are  known  as  sugap^ 
candy.     The  oommerciol  article  is  gcmeJ 
rally    obtained    from     cano     sugar,    th#1 
crystals  of  bet* t-root  sngar  being  too  long 
and  Hat.     The   amount  of    8ugar*candy 
made  from  l:»*H't  sugar  does   not   exceed 
20  per  cent,  of  thcs  entire  production.  Tlie 
sugar  selected  for  candy  is  mixed  with 
3  to  4    per    cent,    of    animal    oharcoial, 
then  cleared    with   white    of    e^^^    and 
filtered.     It  is  next  boiled  in  a  copper 
or  an  enamelled  iron  pnn  ever  on  open 
fire ;  whence  it  i«  ctmveyetl  to  a  cryiital*  j 
lining    vessel,    the    sides'  of    which    ai^l 
l»erf orate<l  with  a  stories  of  holes,  in  eight  or  1 
ten  ooncentrie  rings,  tlie  distance  iK-twecn 
each  hole  latemlly  b*^ing  less  than  tliat 
between  each  ring.    Through  tlie*e  holes  j 
the  cmaAj  omtalllfles,   the  size  of   ih»J 
holes  being  adjusted  to  the  ootudsteney  <  * 
the  boiled  sugar  by  means  of    a   nasi 
made  of  fine  clay,  aahos,  and  ox*Dlood*^ 
llio   temprature  of   the    drj-iog   room 
ib  malntamed  at  75*"  for  mx  dayn,  when  it 
ia  reduced  to  45°  or  5o^  and  in  8  to  lo 
dsjTB  the  crystallisation  b  oomplete.  During  the  crystolliBatiou  the  eandy  must  not  be  moved 
or  shaken*  or  the  air  allowed  to  affect  it.     Upon  the  completion  of  tlie  crystAlUsation,  the 
candy  is  found  eovi-reil  with  a  mixture  of  syrup  and  small  crTstals ;  these  are  rpruovf  il  by 
Ailing  the  cry«talliaing  vessel  with  weak  lime-water.  The  riiiwiug  water  must  be  hikewann, 
M  oold  water  cracks  the  crystals,  and  hot  water  inttkes  them,  as  it  is  teclinipully  temjed, 
blind.    The  crystallising  vessel,  when  emptied  of  the  rinsing  water,  is  soaked  to  remove 
all  laoohanne  matter,  and  if  this  be  not  e^Eaoted  ydxh  hot  wnter,  a  tonooth  stone  is  used  to 
knock  away  the  adb^ing  crystals*    Alter  staodinj.;  u  dny  to  dry,  the  sugar  candy  is  rea^'*l 
for  the  market.    It  Is  commereially  known  as  of  throe  kinds :— the  finest,  refined  white*  " 
nas  a  large  colourless  crystal ;  yellow  candy,  a  stoawHJoloured  crystal ;  and  brown  candy 
is  iimihir  in  colour  to  ordinary  mr»ist  sagsr.     In  some  parts  of  France  a  dark  candy 
is  mimufaotured  under  the  name  of  Snen  d$  Boerhwf,    Inferior  oatio  sugar  is  amployvd 
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for  the  brown,  boiled  sugar  for  the  yellow,  and  refined  sugar  for  the  white  candy.  Sugar- 
candy  is  extensively  used,  the  white  principally  in  preparing  **  Liqueur,"  a  solution  of 
candy  in  wine  or  cognac,  also  in  champagne  manufacture,  and  in  all  cases  where  a  clear 
sweetening  solution  is  required  in  large  quantities.  The  yellow  candy  is  used  for  sweetening 
tea  and  coffee  in  restaurants,  and  enters  largely  into  the  recipes  of  the  pharmaceutist  for 
affections  of  the  throat  and  chest,  as  weU  as  for  making  syrups  intend^  as  vehicles  for 
nauseous  medicines. 

The  total  annuAl  production  of  beet-root  sugar  amounted  in  1870  to  16,000,000  cwts.,  of 
which  6,000,000  cwts,  are  due  to  Frai^ce. 

Grape  Sugar, 
Grape  sogw.  Grape  sugar,  potato  sugar,  starch  sugar,  glucose,  or  doxtroso,  is  a 
sugar  crystallisable  with  difficulty,  occurring  in  a  non-crystallised  state  as  levulose 
or  chylariose  {yvXapiov,  syrup)  in  many  sweet  fruits,  in  the  vegetable  kingdom,  and 
it  forms  the  solid  crystalline  portion  of  honey.  It  may  be  obtained  by  any  of  the 
following  processes : — 

a.  By  the  conversion  of  starch,  dextrine,  cane  sugar,  or  some  gums  by  means 

of  dilute  acids  or  diastase. 
6.  By  treating  cellulose  and  similar  vegetable  matters  with  dilute  acids. 
c.  By  decomposing  organic  substances,  such  as  amygdalin,  salicin,  phloridzin, 
populin,  quercitrin,  gallo-tannic  acid,  &c.,  that  by  treatment  with  dilute 
acids  or  synaptase  (emulsin)  are  separated  into  grape  sugar   and  other 
substances. 
Grape  sugar  is  found  in  the  various  fruits  in  the  following  quantities : — 

Per  cent. 

Peach     157 

Apricot 1  'oo 

Plum      212 

Raspberry 4*00 

Blackberry 444 

Strawberry 573 

Bilberry         578 

Currant         610 

Plum      6*26 

Gooseberry 7-15 

Cranberry     7*45  (according  to  Freseniua). 

Pear       802  to  108  (E.  Wolff). 

Apple 8-37  (Fresenius). 

728  to  804  (E.  Wolff). 

Sour  cherry 877 

Mulberry       919 

Sweet  cherry        1079 

Grape     ..      :       H*93 

Grape  sugar,  CeHijOejHaO,  crystallises  from  its  aqueous  solution  in  granular, 
hemispherical,  warty  masses.  It  is  less  easily  soluble  in  water  than  cane  sugar,  • 
and  requires  li  of  its  own  weight  of  cold  water,  while  in  boiling  water  it  is 
soluble  in  all  proportions,  forming  a  syrup  possessing  but  poor  sweetening  qualities. 
There  are  required  2^  times  more  grape  sugar  than  cane  sugar  to  sweeten  the  same 
volume  of  water.  At  120"  grape  sugar  loses  its  water,  and  has  the  formula  CeHiaOe' 
At  140"  it  is  converted  into  caramel.  Heated  with  caustic  alkalies  melassic  acid  is 
formed,  together  with  humus- like  substances.  Treated  with  sulphuric  acid,  grape 
sugar  forms  sulpho-saccharic  acid,  and  with  common  salt  a  soluble  compound  of 
sweetish  saline  taste.  With  caustic  potash  in  excess  a  g:rape  sugar  solution,  when 
heated  to  the  boiling-point,  reduces  the  hydrate  of  oxide  of  copper  to  suboxide, 
oxide  of  silver  to  metallic  silver,  and  chloride  of  gold  to  metallic  gold.  A  mixture  of 
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ferridcyanide  of  potaasiiun  and  potasli  ynih  tho  aid  of  heat  decomposoa  grnpe  sugar 
aiid  dischargea  the  original  yellow  colour  of  tlxe  fluid-  Under  the  influonc"?  of  a 
fyrmetit  grape  sug-ar  suffera  many  changes,  the  product  varjnng  with  tho  ferment 
and  method  of  treatmotit  employed,  Beisr  yeast  decomposes  grape  sugar  into  alcohol 
and  carbonic  acid. 

ICO  kilos,  of  grape  sugar  give : — 

Alcohol  .  .  ,  .  5i'ii 
Carbonic  acid  .  .  48*89 
Thero  are  also  found  under  cortain  c-onditions  of  temperature  and  concentration 
the  homologucs  of  alcoholi  viz,,  propylic  alcohol,  butylic  alcohol,  and  amylic  alcohol, 
and  under  all  conditions  glycerine  and  small  quantities  of  succinic  and  lactic  acids. 
\Vlien  fermentation  is  effected  in  tho  presence  of  alkaline  reagonts,  lactic  acid  is  formed 
without  any  disengagement  of  gaa»  Ordinarily  the  formation  of  lactic  acid  is  merely 
a  stage  in  the  process  of  con  version ,  the  lactic  acid  decomposing  into  butyric  and 
acetic  acitLs  with  development  of  hydrogen,  TJnder  certain  conditions  mannito 
may  bo  prepared  from  grape  sugar ;  sovoral  other  gum-like  substances  may  also  be 
obtained.  If  to  a  grape  sugtir  eolution  a  small  quantity  of  cnseine  and  of  carbonate 
of  lime  be  added,  and  the  mixtm-e  submitted  to  a  temperature  of  go*,  butyrate  of 
lime  will  be  thrown  down  after  fermentation,  carbonic  and  hydrogen  gases  being 
continuously  evolved. 

prcpMUon  of  ompt  !9ttg«r.     Qrapo  sugaT  may  be  prepared  from  :— 
a.  Grapes, 
h.  Starch. 

c.  Wood  and  similar  vegetable  subflftanoes. 
When  grape  sugar  is  prepared  from  the  grape,  the  juice  of  the  white  grape  m 
preferred,  and  set  aside  to  clear*  The  cleared  must  is  heated  to  tho  boiling-point  wit 
pieces  of  marble,  chalk  (not  with  burnt  lime),  or  witherit<j  (carbonate  of  baryta) 
neutralise  a  jwrtion  of  tho  tnrtiiric  acid.  It  is  then  allowe^l  to  stand  for  C wen ty- four 
hours,  and  during  this  time  tho  insoluble  salts  of  lime  are  deposited.  The  must  is 
now  cleared  with  ox  blood  in  tho  proportion  of  2  to  3  litres  of  blood  to  100  litiii?s  of 
must,  and  next  evaporated  to  26*6.  After  remaining  a  short  time  in  a  tub  to  clear, 
the  impurities  are  removed,  and  the  must  again  evaporated— this  time  to  34**  B, 
By  those  means  a  syrup  is  produced,  from  which  the  grape  sugar  can  be  imme- 
diately obtained.  Tho  syrup  is  conccatratod  by  boiling  and  run  into  crystallisijig 
Taasels,  whore  after  three  to  four  weeks  the  Bnigar  crystallist'S  out ;  it  is  sepaiuted 
from  the  non-crystallised  chylariose  in  a  centrifugal  machine.  For  experimeutal 
purposos  the  crystals  may  be  separated  by  placing  the  concentrated  synip  on  a  ] 
heated  porcelain  or  glass  plate. 

1000  parts  by  weight  of  grapes  give  :— 

Must 800 

Byrap ,     200 

Haw  grape  sugar      .  •     140 
Pure  grape  sugar      . .  60 — 70 
Tho  preparation  of  grape  sugar  from  starch  is  an  important  branch  of  tho  sugar* 
boiler*3  art.     Dilute  milphuric  acid  and  tho  fecula  of  potato  starch  are  the  actiTO 
agents.    Tho  principal  processes  are  the  following :— 

a.  The  hoilinff  of  the  oiarch-meal  with  dilute  $u!phuric  aeid  is  effected  on  a  small 
flOiile  in  leaden  pans,  btit  in  an  exteaaive  preparation  iron  pans  are  employed.    T!i8 
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requisite  quantity  of  water  is  first  heated  to  the  boiling-pointi  and  to  this  is  added 
the  sulphuric  acid  diluted  with  3  parts  by  weight  of  water.  The  starch  is  also 
previously  brought  by  the  addition  of  water  to  a  milky  consistency.  The  liquids  so 
prepared  are  mixed,  and  the  boiHng  continued  until  all  the  starch  is  converted  into 
sugar.  An  intermediate  stage,  not  usually  noticed  by  the  manufacturer,  is  the 
conversion  of  the  starch  into  dextrine,  which  in  its  turn  suffers  conversion  into 
grape  sugar.  The  entire  conversion  of  the  dextrine  into  grape  sugar  cannot  be 
ascertained  with  certainty  by  the  iodine  test,  as  sometimes  a  purple-red  tint  is 
produced,  while  in  others  there  is  no  change.  The  most  reliable  test  is  that  with 
alcohol,  founded  on  the  known  insolubility  of  dextrine  in  an  alcoholic  menstruum.  To 
I  part  of  the  solution  to  bo  tested  there  are  added  6  parts  of  absolute  alcohol ;  if  no 
precipitate  is  thrown  down  there  is  no  dextrine  remaining,  and  the  conversion  has 
been  entire.  The  proportions  of  the  materials  are  generally  to  100  kilos,  of  starch 
meal — 2  kilos,  of  ordinary  sulphuric  acid  of  60°  B.  and  300  to  400  litres  of  water. 

The  conversion  of  the  starch  into  grape  sugar  is  hastened  by  the  addition  of  a 
small  quantity  of  nitric  acid. 

6.  The  separation  of  the  sulphuric  acid  from  the  sugar  solution  is  a  most  important 
operation,  for  the  colour,  purity,  and  flavour  all  depend  upon  success  in  this  stage 
of  the  process.  The  acid  is  neutralised  by  baryta  or  by  lime,  with  either  of  which 
it  forms  an  insoluble  salt,  deposited  at  the  bottom  of  the  neutralisation  vessels,  and 
leaving  a  clear  supernatant  syrup.  The  barj'ta  can  be  employed  as  carbonate 
(witherite),  and  is  without  doubt  the  bettor  neutralising  agent,  sulphate  of  baryta 
being  very  insoluble.  Lime,  although  ordinarily  Tised,  forms  with  the  sulphuric  acid 
a  sulphate  (gypsum)  that  is  not  perfectly  insoluble  in  water.  It  can  be  employed 
either  as  marble,  chalk,  or  caustic  lime.  The  neutralisation  is  completed  in  the 
boiling-pan  while  the  sugar  solution  is  still  hot.  For  every  kilo,  of  sulphuric  acid 
(technical  atomic  weight  =  100  to  106)  so  much  pulverised  marble  (chemical  atomic 
weight  =  100)  is  required  as  the  varying  strength  of  the  acid  may  demand.  After 
the  addition  of  the  marble  powder,  and  when  the  effervescence  has  subsided,  the 
liquid  must  be  tested  with  litmus  paper,  or,  bettor,  with  tincture  of  litmus ;  if 
the  sugar  solution  be  neutralised  when  at  26°  B.  density,  the  following  evaporation 
will  concentrate  even  the  smallest  quantity  of  sulphuric  acid  which  may  have 
remained,  and  render  another  neutralisation  necessary.  To  ensure  perfect  neutral- 
isation it  is  useful  to  add  an  excess  of  carbonate  of  baryta  in  the  proportion  of  250 
to  500  grms.  to  every  10  kilos  of  sulphiiric  acid. 

c.  Evaporating  and  Purifying  the  Sugar  Solution. — This  part  of  the  process  is  ac- 
complished first  in  a  copper  pan  over  a  slow  fire,  or  better,  .by  heating  with  steam. 
The  impurities  separate  and  are  absorbed  in  the  scum,  which  is  removed  by  means 
of  ladles.  The  evaporation  is  continued  until  the  syrup  marks  15°  to  16°  B.,  when  it 
is  passed  through  a  filter,  generally  of  animal  charcoal.  It  is  then  removed  to  a 
large  reservoir,  and,  if  a  granular  sugar  be  desired,  evaporated  to  40"  to  41**  B.,  in  flat 
pans,  from  which  it  is  taken  to  be  placed  in  the  crystallising  vessels.  These  vessels 
are  provided  at  the  bottom  with  twelve  to  twenty-four  holes,  into  which  wooden  plugs 
are  fitted,  by  removing  which,  when  the  sugar  has  crystallised,  the  molasses  are 
removed.  The  crystals  are  dried,  sifted,  and  either  pressed  into  sugar-loaf  forms 
or  packed  im  casks.     The  crystallisation  is  effected  in  eight  to  ten  days. 

The  manufacture  of  grape  sugar  from  wood  and  similar  vegetable  substances  is 
26 
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only  of  value  in  relatiOQ  to  the  prodactioa  of  spirits,  and  recently  as  a  by-proco««| 
of  tho  manufacturo  of  paper  from  wood. 

oompwmonof8u«hsoitnT,    Tho  compoBition  of  stcirch  sugar  as  it  occurs  in  commerce  is 
Tory  varied.     During  inferior  soasons  the  markotablo  starch  sugar  may  oontain  50 
per  cent,   sugar,  3 2 '5  per  cent,  foreign  suhstiinces,    and   17*5   por  cent,   water. 
G.  Sohwaendler  found  by  the  analysis  of  various  samples  of  last  year's  (1870)  sugair  J 
the  following  percentages  :^ 

Grape  sugar  . . 
Dextrine,. 

Water     19*5 

Foreign  substances 

xoo*o      100*0      1000 

Ui«« of  onp*  siMmr.  Tlio  fHigJir  prepared  from  stJirch,  in  addition  to  the  susrar  yielded 
really  by  the  grape,  is  liirgely  cmploy(?d  in  wine-inakinjBf  and  in  the  brewing  of  l>eer.  In 
the  latter  case  the  grapo  sugar  is  prepared  by  means  of  diastase  ;  that  its  use  is  exteimT» 
may  be  gatheiiHi  from  the  fact  tlmt  tci  3  cwts.  of  malt  1  cwt.  of  potato  saear  iftl 
employed.  It  i«  n\m  employed  instead  of  honey  in  cottftH:?tioncry,  for  ooloaTin^  hquon  ^ 
Haul  vinegara  brown,  in  nim  and  oognao,  beer  and  wines.  In  the  latter  oases  it  is  known 
ikfl  ntwrr  caitkur^  Vieing  then  a  grape  sugar  that  has  been  re-meltod,  sometimes  with  thi> 
addition  of  carbonate  of  eoda  or  canstio  soda  to  deepen  the  colour. 

Fermextation, 

r»ri»rt»utiDtt.       Fermentation  is  a  term  applied  to  tho  peculiar  changes  of  complex 
organic  substances  of  the  amylaceous  and  sancbarine  type  nniler  tho  influence  of 
ceitain  putrescible  nttn)gi*nou8  substances  or  ferments,      Tho   decomposition    of 
fermentable  organic  bodies  by  a  ferment  effects  the  separation  of  their  constituents 
into  two  or  more  combinations,  as  when  by  a  yeast-ferment  dextrose  and  levulose  J 
are  converted  into  alcohol,  its  homologues,  and  carbonic  and  succinic  acids ;  or  the 
molecules  of  the  original  substances  are  re-grouped,  as  in  the  conversion  of  sugar  of 
milk  into  lactic  acid  during  lactic  acid  fermentation  ;  finally,  tho  elements  of  tho 
organic  substance  may  enter  into  combination  with  the  oxygen  of  the  atmosphere 
either  to  fonn  new  organic  combinations,  or  to  separate  into  its  inorganic  constitucnti  j 
carbonic  acid,  carburettcMl  hydrogen,  &c.     Thia  latter  decomposition  is  termodi] 
mouhteirng  when  a  residue  rich  in  carbon  (humus)  remains,  but  when  only  thai 
mineral  constituents  remain,  decay  is  said  to  have  been  reacherh     Theso  terms  ar 
thus  defined  more  by  cusVjm  or  usage  than  by  direct  etymology — rlictionarios  h&rdt| 
distinguish  between  them,  but  the  difference  is  known  to  all.   If  large  quantitiea  < 
water  bo  present  both  theso  processes  are  resolved  into  ptUrr/Hctwnt  in  which  chiefly 
gases  carbonic — acid,  ammoniacaU  sulphuretted  hydrogen — and  water  a  ro  disengaged,  j 
But  fermentation  always  results  in  the  remaining  or  tho  fonnation  of  other  organfa 
compounds,  and  tho  variety  of  furmentiitlon  set  up  mostly  depenils  on  the  state 
decomposition  of  the  azotised  mutter  employed  as  a  ferment.    The  most  important 
ferment  is  undoubtedly  yoii>4t,  but  tho  form  out  may  be  either  an  organic  subatano 
(yeast)  or  a  protein  body  in  a  putrescent  state — it  is  always  a  nitrogenised  body, 
a  technological  work  tlie  varieties  of  fermentation  may  be  classed  as— 

I.  Vinous  or  alcoholic  fermentation,  including  tho  changes  obsorveil  during' 

tho  processes  of  wine-making,  beer-browing»  and  the  production  of  aloo^- 

holic  liquors  or  spirits. 
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a.  Lactic  acid  formentation,  taking  place  daring  the  souring  of  milk ;  and  at  a 
higher  temperature  changing  to 

3.  Butyric  acid  fermentation. 

To  these  fermentations  may  be  added — 

4.  Putrescence,  noticeable  only  in  technological  chemistry  as  a  stage  to  be 

most  carefully  avoided, 
vinotts  Fermentation.  Viuous  or  alcohoHc  fermentation  is  the  result  of  the  decomposi- 
tion of  saccharine  matter,  dextrose  or  glucose,  lovulose  or  chylariose,  and  lactose 
into  several  products,  principally  alcohol  and  carbonic  acid.  According  to  the 
receiit  researches  of  Lermer  and  Von  Liebig  (1870)  dextrine  in  the  presence  of 
sugar  is  converted  into  equal  parts  of  alcohol  and  carboBLic  acid.  This  will  be  seen 
from  the  following  table,  which  gives  the  result  for  100  parts  by  weight : — 

Alcohol.  Carbonic  Acid. 
Crystallised  dextrose,  C6H14O7,  46*40  +  44*40  1=  90 '86. 
Anhydrous  dextrose,  CeHijOg,  51*10  +  48*90=  loooo. 
Cane-sugar,  CiaHjaOn,       53-80  +  51-46  =  105-26. 

Starch-meal,  CeHjoOj,         56*78  +  54-32  =  11  i-io. 

n   —  ^Q/^  «,*,r«o  /  2  mols.  alcohol,  2C3H6O        =  92 

2U6  —  I»0,  gives  .      carhonin  urid.  oVCl.    —  f 


I  mol.  dextrose,  CeH^Oe  =  180,  gives  | ; 


2  mols.  carbonic  acid,  2CO2   =  88 

180 

Recently  Pasteur  has  shown  that  lactic  acid  does  not  result  from  alcoholic  fermen- 
tation, but  that  succinic  acid  is  a  constant  product  of  this  fermentation  in  quantities 
never  less  than  0-6  to  0-7  per  cent,  of  the  weight  of  the  sugar  employed.  Glycerine 
is  another  constant  production  to  the  extent  of  3  per  cent,  of  the  sugar ;  this 
substance  occurs  in  all  wines.  The  5  to  6  per  cent,  of  substances  remaining  may 
therefore  be  thus  divided : — 

Succinic  acid 0-6  to  0*7 

Glycerine 3-2103-6 

Carbonic  acid 0*6  to  0*7 

Cellulose,  fatty  substances,  &c 1-2  to  1-5 

5*6  to  6*5 

Tewt.  The  nature  of  alcoholic  fermentation  was  first  investigated  by  Cagniard- 
Latour,  while  our  present  knowledge  is  duo  chiefly  to  the  researches  of  A.  de  Bary, 
J.  Wiesner,  Hoffman,  Bail,  Berkley,  Pasteur,  Hallior,  B6champ,  Lermer.  Yeast 
on  being  introduced  into  a  fermentable  fluid  rapidly  throws  out  fermenting  arms,  as 
it  were,  until  the  fluid  is  covered  with  a  superficial  ferment,  termed  in  Gorman 
the  Oherhefe,  while  at  the  bottom  of  the  vessel  a  viscid  sediment  is  deposited,  known 
in  German  as  the  Unterhe/e,  The  oberhofe  or  superficial  ferment,  is  employed  as 
barm  by  the  baker,  for  the  purpose  of  leavening  his  bread ;  while  the  unterhefe  or 
sedimentary  ferment  is  that  employed  in  the  fermentation  of  wines  and  of  Bavarian 
beers ;  these  beers  differ  from  the  general  beers  of  England,  France,  and  Germany, 
in  not  souring  by  exposure  to  air,  this  quality  being  due  to  the  peculiarity  in  the 
process  of  fermentation,  Untergahrung^  or  fermenting  from  below,  during  which  the 
gluten,  the  substance  absorbing  the  oxygen  of  the  air,  is  removed.  In  the  distilla- 
tion of  brandy,  the  yeast  employed  is  a  mixture  of  harm  and  bottom  yeast,  as  the 
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^erms  run  in  tliia  country,    Froah  yeast  appears  as  a  gi-ey-j-ellow  or  red  fiotli  of 
strong  odour,  and  with  an  acid  reaction.     Under  the  microsoopo  the  two  kiods  of 
yeast  are  easily  distiij^xiished,   Tlio  superficial  yeast  or  barm  consists  of  globular  or 
ellipsoidiil  colls  of  equal  size,  and  about  o'oi  niillimeti'o  diameter.   Tliey  Eoat  partly 
alone,  partly  in  groups  in  tbe  fluid.     The  walls  of  the  colls  are  so  trauspareut  that 
tho  inner  cells  can  bo  seen  tbrougli  tho  upper.     In  tbe  centre  of  each  cell  appears  a  J 
dtu*k  fipeck  or  grain,  {he  prolopUumfi ^  sometimea  ccnsii^tiug  of  more  than  one  grain. 
TIjo  bottom  yeast  or  sGdimGntary  fernsont  also  conaista  of  cells,  but  these  do  not 
i^im^  together  so  t-enacioualy  a^  the  cells  of  the  bann,  and  are  generaUy  isolated « 
vmle  the  adhesion  is  merely  mechanical  b-etween  those  that  du  cling  together,  a 
Blight  concusedoa  being  sutBcient  t-o  ciSect  their  separation.   Sometimes  a  largo  oell  < 
the  bottom  yoast  contains  two,  three,  or  even  four  smaller  cells,  the  dimensions  of  ^0 
cells  Yarying  greatly,  and  not  being  nearly  so  constant  as  in  tho  cells  of  the  barm. 
*'  I  found,"  says  Dr.  Wagner >  "  fiom  the  n-'searthes  of  Mitscberlich»  communicated 
to  the  Philosophical  Faculty  of  tho  Univei-sity  of  Lt?ip9ig,  that  the  sprouting  ortrans- 
planting  of  tho  cells  had  been  actually  witnessed  under  the  microscope — that  a  parent 
cell  had  been  obserycd  to  put  forth  littlo  cells,  which  grudually  grew  in  size.    Thesej 
oliservations  had  been  made  with  bann  or  sapcrflcial  yea^ft,   and  I  wished  to  ' 
ascertain  if  tho  cells  of  the  bottom  yeast  or  sedimentary  ferment  wei'e  propagated  in 
the  same  manner*   For  this  puijioso  I  placed  a  sedimentary  yeast-cell,  containing  n 
germ,  under  the  microscope  in  a  bath  of  concentrated  beer-worts.   The  temperature 
varied  between  7**  to  10*.     Tho  cell  remained  unaltered  for  some  time,  but  finally 
then^  appeared  30  to  40  small  cells.     These  colls  were  either  separated  from  the 
mother-coll  by  tho  bursting  of  the  coll  walls,  or  had  been  inti'oduced  as  spawn  into 
the  field  of  the  microscope  in  tho  beer -worts ;  which  was  tho  true  c^ise  the  microsfsope  j 
covild  not  reveal,  for  no  separated  spawn  were  visiblo,     An  analysis  of  the  two  J 
yeasts  gave:^ 

Barm.  Sedimentary  Yeast, 

Cftrbon     ,.     ,.     , -        44*37  '     4976 

Hydrogen        ..      6*04  6'8o 

Mtrogen  ..     .,     -,     ,.  .  .  9^20  9^17 

Oxygen,  sidphur,  and  ash    . .     . .        40*58  34*26 

••  The  barm  contained  3*5  per  cent.,  the  sedimentary  yeast  5*29  per  cent,  of  s^sh. 
The  amount  of  sulphur  was  0*5  to  oS  per  cent.  The  ash  conaistod  easeotiaUy  of 
yiotash,  phosphoric  acid,  silica,  and  magnesia  " 

According  to  the  recent  researches  of  Linbig,  Pasteur,  Lemoire,  and  othersi 
nlooholio  fermentation  is  essentially  due  to  tho  foimation  of  yeast-cells,  and  to  tho 
development  of  organic  aubstancca.  There  are  two  cases  to  be  eonsidored*  Yoast, 
with  its  botanical  names,  Sa^charomi/ce»  cereinaht^,  or  JIormiiicinm  tertvitujE^  a 
descendant  of  tho  fungi,  PtnicUUum  glaucitmt  Atcophnra  Mucedo^  J,  ^U'^rtn^^  and 
rcnconia  hyatina.the  spawn  of  which  is  always  occurring  in  the  atmosphere,  fMrment« 
oithor  with  a  pure  sugar  solution,  without  tho  existcDce  of  protein  snbstanoot,  i 
in  the  presence  of  albuminous  substances.  The  latter  case  occurs  also  wKml 
a  solution  of  sugar  containing  an  albuminous  body  is  so  situated  as  to  be  partially  or 
wholly  open  to  atmospheric  iufluonoo.  The  lf>cal  ferment  floating  in  the  air  in  tha 
shape  of  yeast-spawn  finds  in  this  solution  a  ready  agent  for  its  extension.  But  in  th 
to»t  case,  where  tho  sugar  solution  is  mixed  with  the  yeast,  without  the  ne 
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protein  subetanco  as  food  or  nourishment  for  the  cells,  the  fermentation  is  after 
a  time  exhausted,  and  is  not  again  sot  up.  It  is  for  a  similar  purpose  that  during 
the  process  of  browing  the  yeast  cells  are  fed  with  a  substance  formed  in  the  germi- 
nation of  barley.  During  this  germination  the  gluten  of  the  seed  passes  over  into 
diastase,  of  all  nutriment  that  upon  which  the  yeast  cells  flourish  best. 

The  nature  of  the  yeast  cell  is  a  most  interesting  question.  Is  it  more  nearly  allied  to 
the  animal  or  to  the  vegetable  kingdom  ?  The  line  of  demarcation  is  not  always  defi- 
nite, yet  there  would  appear  some  interesting  analogies  that  should  not  be  overlooked. 
"Plants,"  says  Pn)fessor  Williamson,  ** build  up  complex  substances  from  simple. 
All  the  most  complex  substances  that  we  can  get  are  made  in  the  organisms  of 
plants.  They  may  have  been  taken  over  by  animals  from  plants,  but  they  are 
formed  in  the  main  by  plants.  And  the  chief  chemical  activity  of  animals  is 
precisely  opposite ;  they  take  those  complex  substances  and  break  them  down, 
by  means  of  their  vital  functions,  to  the  simple  products  which  are  exhaled  and 
given  off  in  the  processes  of  animal  life.  Therefore,  the  question  whether  the 
process  which  the  yeast  carries  on  is  a  synthetical  process — a  building  up — or  whether 
it  is  in  the  main  an  analytical  process,  is  certainly  one  of  the  most  important  which 
can  guide  us.  From  what  we  know  best  regarding  the  nature  of  the  yeast  cells,  the 
food  which  we  know  they  take  in  large  quantities,  and  upon  which  they  thrive, 
is  certainly  exceedingly  complex,  and  the  products  which  they  give  off  are  exceed- 
ingly simple  in  comparison.  Their  functions  are  in  the  main  (those  which  we  know 
best  at  any  rate)  analogous  to  those  which  take  place  in  animal  organisms,  and 
are  most  remote  from  those  which  take  place  in  vegetable  organisms.** 

Among  the  most  remarkable  decompositions  effected  with  the  aid  of  yeast  cells  are 
those  described  by  Liebig  in  a  recent  paper,  in  which  it  is  stated  that  yeast  cells  will 
assimilate  tartaric  acid,  malic  acid,  and  nitric  acid ;  the  latter  it  deprives  of  a  portion 
of  its  oxygen,  converting  it  to  nitrous  acid. 

OmdWoii*  of  Alcoholic  or    The  Conditions  of  alcoholic  fermentation  arc  the  general  conditions 
Vinous  FermeDtatioo.  of  the  vegetation  of  the  yeast  plant,  with  the  distinction  that  by  vinous 
f ermenta^on  the  largest  amount  of  alcohol  is  obtained.    The  following  conditions  most 
be  fulfilled  when  alcoholic  fermentation  is  the  desideratum : — 

1.  An  aqueous  solution  of  sugar,  in  the  proportion  of  i  part  of  sugar  to  4  to  10  parts  of 
water.  The  sug^r  can  be  employed  as  grape  sugar,  dextrose,  or  lonilose,  which  is  always 
capable  of  fermentation,  or  an  unfermentable  sugar,  cane  sugar,  or  sugar  of  milk,  may  be 
converted  by  means  of  an  acid  or  suitable  agent  into  fermentable  sugar.  However 
gradual  the  process  may  seem,  cane  sugar  is  always  converted  into  grape  sugar  before  fer- 
mentation sets  in. 

2.  The  presence  of  yeaat,  or  spawn.  In  the  first  case,  i  part  of  yeast  to  5  parts  of  sugar 
is  sufficient  to  effect  a  strong  fermentation.  If  spawn  onlv  is  present,  there  must  also 
be  present  substances  upon  which  the  spawn  may  feed  or  ^cvelopo — protein  substances, 
phosphoric  acid,  humus,  and  alkalies.  If  no  ferment  exists,  the  only  other  condition 
under  which  fermentation  is  effected  is  by  exposure  to — 

3.  The  atmosphere^  which  introduces  the  before-mentioned  ferment  and  furnishes  life. 

4.  A  known  temperature,  the  limits  of  which  are  5°  and  30"  C.  As  a  rule  vinous  fermen- 
tation is  effected  between  9*  and  25°.  The  lower  the  temperature  the  longer  the  time 
required  for  the  fermentation  to  subside,  and  conversely.  At  30'  and  at  higher  tempera- 
tures, tho  vinous  fermentation  easily  goes  over  into  butyric  acid  fermentation.  The 
making  of  wince  is  based  on  a  practical  acquaintance  with,  alcoholic  fermentation ;  but 
in  this  case  only  a  portion  of  the  migar  of  the  must  groee  over  into  alcohol  and  carbonic 
acid.     The  alcohol  remains,  while  the  greater  part  of  the  carbonic  acid  cacaoes. 

In  beer-bi-ewing  the  substance  forming  alcohol  is  mostly  starch,  pflit  of  wliich  goes  over 
into  imfermentable  dextrine,  but  the  greater  into  easily  fermentable  dextrose.  It  is 
arrangfed  that  the  beer  shall  hold  a  small  portion  of  the  dextrose  unchanged  until  the  after- 
fermentation  at  a  lower  temperature,  during  which  much  of  the  carbonic  acid  is  expelled, 
the  alcohol  remaining  in  the  beer. 
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In  the  brewing'  td  licfsr,  only  u  part  of  tho  raw  mAterial  or  starrh  employt>d  go©«  orer 
into  dpxtrosc,  and  finally  into  alcoliol  and  ciirbonic  acid;  but   in   tho   mannfaoture  of 


piritnous  liquors  tlie  ginm  material — »tarch  or  augur — is  converted    into  the   prreatest 
"toossiLlo  quantity  of  alcohol  in  the  »ljorteRt  time,  and  aft«>nirard8  tMjpaniUKi  by  distillutioij, 
Tbo  aim  of  the  wine  maker  is,  of  coiir»e,  to  produce  the  greatest  quantity  of  wino  ;  of  the 


brt'wer,  tho  maximum  amount  of  beer;  and  of  the  distiller,  the  larj^^^st  jield  of  fFpirit. 
The  residue  from  the  distillation  of  spirit.i  is  often  employed  in  making'  concentrated  food 
for  animnlH. 

In  tliG  baking'  of  bread  and  confectionery  the  lighteninfr  or  leftvening  of  the  dough  is 
effected  by  alcoholie.  fermentation,  but  only  the  carWuio  add,  and  not  tho  alcohol,  i* 
of  use.  tn  the  foregoiniar  illustnitions  of  the  ai>plienticin  of  fermentation,  it  will  have 
been  perceived  that  the  object  is  the  jfenemtion  of  alcohol  or  of  carlKwiic  acid,  or  of  both, 
acixirding'  to  the  requirements  of  the  case.  The  particiUara  wo  will  conrtider  under 
separate  di^'iaioiis. 


«rine.  By  tho  name  uf  wine  ia  generally  difitiiigijifllied  an  alcoholic  fluid  prepared 
"Without  distiilatiou  by  tho  fermenttvtion  of  grape-juieo.  In  the  ^dcat  meaning 
of  the  term  is  included  the  result  nf  tho  vinous  fermentation  of  all  natural  jmces. 

TJi*  vui«  ud  iti  ciiitintion.  Tho  TinO|  VitU  vifiijera^  is  geneiully  cultivated  in  Europe  at 
a  temperature  of  50",  while  the  betst  and  ripest  drinking  wines  ai-c  obtained  from 
grapes  grown  at  a  tempoiuturo  of  51*  to  52™.  It  requires  an  avenigo  temperature  of 
10*  tp  1 1*,  and  an  average  summer  temperature  of  iS*'  to  20^ ;  but  it  is  the  Bummer*a 
dun  that  forms  the  sugar.  A  climate  with  Bevere  winters  and  hot  summers  is  therefore 
as  fuvourablo  to  tho  cultivation  of  tho  grape  as  n  temperate  climate,  England,  Tjs-ith  a 
mean  average  annual  temperature  of  1 1^^^  is  consequently  very  unsuitod  to  the  growth 
of  the  vine*  The  weather  has  the  greatest  influence  upon  the  vine :  during  the 
growth  rain  la  required,  but  during  the  ripouing  only  the  sun's  rays  should  reach  the 
grape.  The  soil  is  not  so  mucb  a  matt^^r  of  consoqucuco  if  a  qiuintity  of  potash  be 
present ;  but  a  worm,  loose  soil  is  the  best.  Clay  shale,  clay  marl,  gypsum,  Umo, 
and  chalk  formations  aro  very  suitable  to  the  vine,  Tho  uses  of  tho  grape  aro 
numerous  in  the  highest  degree ;  it  scarves  chiefly  in  tho  preparation  of  must  foi 
wine,  tho  preparation  of  grape  sugarj  French  brandies  or  cognacs,  wine-\inogars,  &c. 
Oil  is  prepared  from  the  seeds,  and  the  leos  are  burnt  for  their  potash. 

TtDtafi.  The  sugar  is  found  at  an  early  stage  of  the  growth  of  tho  grape.  When 
unripe  tho  grape  contains  malic,  citric,  and  tartanc  acids,  biliirtrate  of  potash  and 
lime,  organic  salts  in  smaller  proportions,  and  a  little  colouring  and  cxtractivo 
mutters.  Successive  analyses  have  been  made  of  tho  grape  during  ita  period  of 
growth  by  C,  Neubauer,  from  samples  obtained  from  tho  Neroberg,  notir  Wiesbaden 
( t868),  and  have  given  tho  following  results : — 


August 


July  27th 

9th  . , 

17th  .. 

„      zSih    . 

September  7  th 

17th 

,,         2Sth 

October    5th . . 

„        12th.. 

M         /2  nd 


0*6  per  cent.  Sugar  and  2*7  per  cent,  free  acid* 
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It  appears  that  the  riper  the  grape  the  more  sugar  it  contains,  and  it  produces  a 

wine  richer  in  alcohol,  so  that  the  grapes  are  never  gathered  until  perfectly  ripe.  The 

grapes  of  the  white  vine  are  of  a  brown-yellow  when  ready  for  gathering  for  wine, 

and  the  red  and  blue  grape  must  be  extremely  dark  before  the  seed  will  separate 

from  the  fleshy  part  of  the  grape  sufficiently  for  wine-making  purposes. 

The  grapes  are  sometimes  plucked,  and  sometimes  left  on  the  stalk.  The  separation 
of  the  grape  from  the  stalk  is  effected  either  by  hand  or  by  the  aid  of  a  hurdle,  the 
openings  between  the  bars  of  which  are  only  sufficiently  wide  to  admit  of  the  passage  of 
the  grape,  or  by  a  wooden  or  brass  trellis- work,  or  finally  with  a  lar^e  wooden  fork  0-5  to 
0'6  metres  in  length.  The  stalk  contains  much  tannic  acid,  and  it  is  therefore  necessary 
that  all  the  grapes  should  be  thoroughly  separated  before  pressure;  but  in  some  cases 
when  the  grape  contains  too  little  of  tliis  acid,  a  few  stiilks  are  purposely  allowed  to 
remain. 

The  p^i^of  the      After  the  grapes  are  stripped  from  the  stalks,  they  are  placed  in  a 

vat  and  stamped  with  a  wooden  maul  or  pestle  to  express  the  juice.     They  are 

generally  allowed  to  remain  for  some  time,  and  afterwards  submitted  to  a  second 

bruising,  the  maceration  being  for  the  purpose  of  softening  the  skins  and  fleshy  part 

of  the  grape.     The  whole  of  the  juice  and  grape-skins,  or  marc,  is  then  put  into  a 

butt  with  perforated  sides,  through  which  the  must  trickles  into  the  fermentation  vat 

beneath.     If  a  white  wine  is  being  operated  upon,  to  prevent  it  becoming  stringy y  as 

the  term  runs,  from  an  insufficient  supply  of  tannic  acid,  small  quantities  of  stalks 

are  added  from  time  to  time.     This  addition  renders  the  wine  more  easily  clarified 

by  the  addition  of  white  of  e^^  or  isinglass  in  a  subsequent  stageof  the  process.  While 

the  wine  is  in  the  vat,  the  fermentation  is  allowed  to  proceed,  and  the  slight  acidity 

generated  reacts  upon  the  colouring  matter  and  aromatic  constituents  of  the  grape, 

these  being  taken  up  in  the  alcohol  set  free. 

The  wine-presses  are  of  very  various  construction.  The  most  general  is  the  beam-press, 
roughly  constructed  with  a  pole  12  to  16  metres  in  length,  and  four  to  six  oaken  cross  beams. 
These  presses  have  considerable  power,  but  they  arc  tedious  to  work,  and  soon  get  dirt  v. 
The  lever-press  is  more  efficacious,  and  is  made  in  many  forms,  the  pressure  being  mostly 
from  below.  The  hurdle-  or  sledge-press  is  of  the  rudest  kind,  consisting  merely  of 
hurdles  and  rough  heavy  stones.  The  best  presses  are  the  screw-presses  made  of  wood 
or  cast  iron.  100  parts  of  grapes  yield  60  to  70  parts  of  must.  The  ripest  gTai)es  yield 
the  first  juice  in  the  press :  the  residts  of  stronger  pressure  are  more  acid.  The  result  of 
the  first  pressing  is  termed  the  wine  or  the  first  wine :  then  comes  tlie  pr^ss  wines ;  and 
finally  the  after  wines.  The  residue  or  marc  is  sometimes  treated  with  water  to  obtain 
an  inferior  wine. 

The  centiiftigai  Machine.  In  1 862  Stciubcis,  of  Stuttgart,  with  the  co-operation  of 
Eeihlen,  endeavoured  to  express  the  juice  of  the  grape  with  the  aid  of  the 
centrifugal  machine  instead  of  the  press.  They  were  enabled  in  ten  minutes  to 
express  the  juice  perfectly  from  100  to  120  poimds  of  grapes,  including  the  time 
required  to  fill  and  empty  the  machine.  In  i86g,  Ballard  and  Alcan  obtained 
equally  successful  results,  some  of  which  were  made  comparative  with  those  ob- 
tained by  a  good  press : — 

Centrifugal  Machine.  Press. 

Must .  .  79*141  77*o86 

Eesidue 20-214  i8*6oi 

Loss ..  0*645  ^'y-Z 

lOO'OOO  lOO'OOO 

"''"^oTuSm'iII?®'*"  Besides  the  stalk  of  the  gi-ape,  there  are  the  outside  skin,  the 
Lull,  the  seeds,  and  the  juice.  Of  the  composition  of  all  these  substances,  with  the 
exception  of  the  grape  juice,  our  knowledge  is  very  deficient.    Besides  collulose, 
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the  stalks  coDlain  Diuch  tannic  aciJ,  and  an  acid  very  soiir  to  tbo  taste.  Tko  huU  of 
fciie  grape  contains  the  colouring  matter  and  a  small  quantity  of  tannic  acid*  Tho 
soed  contains  a  peculiar  acid,  oenacthic  acid,  and  on  ctkcr^  beai'ing  tlie  aame  namet 
to  which  the  bouquet  of  the  wine  is  due. 

^^^  oS^?*'  *^*  ^-t'he  wine  grapo  contains  more  sugar  than  any  otJior  kind  of  gr&p^ 
Tho  quantity  of  sugar — a  mixture  of  dextrose  and  levulose— is  eeldotn  thau 

iz  per  cent.,  while  it  is  sometimes  as  much  as  26  to  30  per  cent.  The  proportion  of 
acid  to  sugar  is  in  good  years  and  in  a  good  grape,  according  to  Fresenius,  1  ^  29 ; 
in  average  years  and  cAses,  i  :  16 ;  i  nd  when  tho  proportion  is  only  a,**  i  r  10,  the 
grapes  ore  useless  for  the  production  of  wine.  The  proportion  between  the  acid  and 
sugar  in  wine-must  from  tho  same  kind  of  grape  for  different  years  is,  according  to 
this  eminent  chemist ; — 

In  a  very  inferior  year,  1847,  as  i  :  12 
In  a  better  year,  1854,  ,,  i  :  16 

In  a  good  year,  184S,  «»  i  :  24 

during  tho  fermentation  of  the  must,  bitartrate  of  potash  is  deposited,  and  from 
this  source  niu.st  of  the  tartar  of  commerce  is  obtained*  This  salt  is  iusoTuble  in 
dilute  alcohol ;  consequently  as  the  sugar  changes  into  alcohol  it  is  thrown  down. 
It  is  from  the  fact  of  containing  tartaric  acid,  which,  by  combining  to  form  on 
insoluble  salt,  is  thus  prevented  exerting  au  unfavourable  influence  on  the  wine,  that 
grapes  possess  so  much  the  property  in  proportion  to  other  fruits  of  making  a  good 
wine.  Tho  malic  and  citric  acids  contained  in  currants  and  gooseberries  cannot  be 
-withdrawn  in  this  manner :  henco  tho  addition  of  sugar  to  winea  made  from  these 
fruits  to  veil  the  aciility ;  tho  addition,  however,  giving  rise  to  the  danger  of  a  second 
fermentation,  and  consequent  acidity.  According  to  Al.  Clitssen,  i  kilo,  of  ripe  grapei 
gave  (in  1868)  577  to  688  giins.  of  juice ;  and  t  htro  of  juice  c^^ntained  ; — 

Water * 860  to  Z^o  grms. 

Sugar  (dextrose  and  lovuloso)  .,     ..     150  „  300    ,, 
Pectin^    gums,  extractive  matter,  "J 

Protein  substances,  organic  acids,  >       30  ,,     20    „ 
and  mineral  matters *  J 

1040  to  1150    „ 
1000  ports  of  juice  of  ripe  (Ehine,  1868)  grapes  oontmnc<l : — 

I.  2,  3. 

Solid  matter 164*4  '^97  204*6 

Sugar      I49'9  162*4  ^7A*^ 

Free  acid 7*2  6'8  4*8 

Ash..     ..     37  yo  4-0 

In  100  parts  of  llie  ash  were  contained  :■ — 

I.  2.  3. 

Phospboric  acid       .*            16*6  16*1  1410 

Potash       .     642  66*3  71*4 

Magnesia  * 47  ^'S  zt 
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C.  Neubauer  (1868)  onalj^sed  two  kinds  of  grapes,  and  found — 

Nerobergcr  Stoinberger 

(large  g^pes).  (selected  g^pes). 

Sugar       i8-o6  24*24 

Eree  acid 0*42  0*43 

Albuminous  substances 0*22  o'i8 

Mineral  constituents  fpotasb,  )  . 

phosphoric  acid,  &c.) . .     . .  i       °  ^^  o  45 
Combined  organic  acids  and  \ 

extractive  matter       . .      . .  )       ^^^  ^^^ 

Total  of  soluble  constituents        23*28  29*22 

Water       76*72  7078 

100*00  lOO'OO 

^^  ^^J?  jSw.'*^*'**  ^0  fermentation  t)f  the  grape  juice  is  spontaneous ;  that  is,  it 
is  consequent  upon  the  exposure  of  the  grape  juice  to  the  atmosphere,  without  the 
addition  of  yeast.  The  albuminous  matter  of  the  must  forms,  under  the  influence 
of  the  atmospheric  spawn  or  yeast  germ,  the  well-known  fungus  Penicilium  glaucum, 
or  yeast  cells.  The  fermentation  begins  at  a  temperature  of  10°  to  15*,  and  is  effected 
more  or  less  rapidly  according  to  the  temperature.  Too  low  a  temperature  will 
retard  the  .progress  of  fermentation,  as  also  will  the  addition  of  sulphurous  acid ; 
the  same  effect  is  obtained  by  the  addition  of  other  sulphur  compounds,  as,  for 
instance,  the  essential  oil  of  mustard,  which  contains  sulphocyanide  of  allyl.  The 
must  is  left  in  open  vats ;  bubbles  of  carbonic  acid  soon  appear,  scum  collects  upon  the 
surface  of  the  juice,  and  an  alcoholic  odour  pervades  the  wine  at  this  stage.  About 
the  seventh  day  the  fermentation  commences  to  decrease,  and  about  the  tenth  or 
fourteenth  day  the  fluid  begins  to  clear,  no  more  carbonic  acid  or  scum  appearing. 
The  yeast  cells  formed  are  carefully  removed  from  the  bottom  of  the  vessel,  and  the 
wine  run  into  casks,  where  it  undergoes  a  slight  after-fermentation.  If  there  be 
much  sugar  contained  in  the  grape,  and  a  small  quantity  of  azotised  matter,  the 
resulting  wine  will  be  sweet ;  but  if  the  proportion  of  sugar  be  small  and  xJbumen 
large,  a  dry  wine  is  the  result. 

Drawinj^^^nd^caJting  j^^^j.  ^q  principal  formcntation  the  greater  part  of  the  sugar 
of  the  must  is  found  to  be  separated  into  alcohol  and  carbonic  acid.  There  is  still 
likely  to  arise,  unless  the  temperature  be  considerably  decreased,  a  fresh  fermenta- 
tion, known  as  the  after-fermentation.  Should  this  after-fermentation  continue  too 
long,  vinegar  is  formed,  and  to  prevent  this,  the  wine,  after  the  disappearance  of  the 
bubbles  of  carbonic  acid  upon  the  conclusion  of  the  principal  fermentation,  is  at 
once  **  spigotted  off"  from  the  lees  into  casks,  the  object  being  to  cut  off  communica- 
tion with  the  atmosphere  as  much  as  possible.  The  casks  are  nearly  filled,  and  are 
bunged  loosely,  being  filled  completely  a  day  or  two  after.  Wines  caskcd  in  Decem- 
ber will  often  continue  fermenting  till  February  or  March.  Strong  wines  rich  in 
alcohol  can  be  kept  in  cask  until  they  have  become  quite  clear ;  but  weak  wines 
must  be  soon  bottled,  as  the  oxygen  of  the  air  is  liable  to  convert  the  hydrate  of  the 
oxide  of  ethyl  or  alcohol  into  trioxide  of  acetyl  or  vinegar. 

coostitucnti  of  Wine.  Constituents  that  were  not  found  in  the  must  are  characteristic  of 
the  wine — the  chief  of  these  is  alcohol.  Succinic  acid  and  glycerine,  the  constant 
products  with  alcohol  and  carbonic  acid  of  vinous  fermentation,  are  also  to  be  found. 
A  **  dry  "  wine,  such  as  the  French  and  Ehenish  wines,  is  one  in  which  all  the  sugar 
has  been  decomposed ;  a  '*  sweet"  wine,  en  the  other  hand,  is  one  in  which  some 
sugar  has  remained  undecomposed  either  from  an  insufficiency  of  albuminous  matter 
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to  nourisli  the  yeast  cgIIb,  or  from  tho  checking  of  the  fermentation  by  exposure  to  a 
low  temperaturo,  A  vciy  swoet  and  thickly  fluid  wine  is  tonnod  a  '  *  liqueur.* '  Th« 
difforenco  in  colonr  is  duo  to  threo  substauces— a  blue  colouring  matter,  a  brown 
colouring  matter,  and  tuiluric  add.  The  broira  colouring  matter  is  present  in  all 
light  or  white  wines,  while  the  blue  colouring  matter,  found  in  tho  fikins  of  pm*ple  or 
black  grapes,  is  in  the  wine  a  red  colour,  the  change  ari:?ing  from  the  contact  with 
the  tartaric  acid.  Wines  of  the  first  year  after  growth  aie  termed  now  or  **  green  *' 
winies.    The  aTeragc  composition  of  wines,  in  looo  parts,  ia  the  following : — 

Wat4?r      900—891 

Alwthol* ,     ,.     ,.     , 80—70 

HomologTiea  of  alcohol  fpropylic,  batylic  alcohol)*       .  A 
Ethers  (acetic,  afTjaiithic)  •    . . 
Essential  oih*  . . 

Grape  eugar  (dextrose  and  levuloec)  ,' , 

Glycerine*       . ,     . .     , .     ,.     

Gmna       ,     

Pectin      *     , ,      . ,     , ,      

Colouring  and  fatty  subntances  , 

Protein  bodifS ,      ...  20 — JO 

Curbonic  acid*        

Tartaric  and  racemic  acids  . .  . .     . 

Malic  acid 

Tannic  acid     . .      .  *      

Acetic  acid* , 

I^actic  acid  (F)*       . .      . .      

Succinic  acid*         , 

Inorganic  6alta        . ,      . ,     , ,      , .      , ,      ,,  J 

Tboflc  8ubi*tancea  marked  (•)  are  formed  during  the  principal  ferment aliou. 

rho  quantify  of  alcohol  contained  in  a  wino  ia  due  partly  to  the  quantity  of  sugar  andj 
partly  to  the  qUiUntity  of  albuminous  matter  contained  in  the  inuPt.  It  ii^  chiefly  ethylio] 
or  ordinary  alcohol.  The  specific  weij[;^ht  of  the  wine  p-ives  only  npjiroxiniately  thflrl 
alcoholic  cont<»nt#  ;  a  better  method  of  estimation  is  by  meaiiji  of  an  aleoholoincter.  Of 
these  instruraenti*,  Geiatder's  Vuporimeter  ih,  pt^rhapH,  one  of  the  best,  in  which  the 
pressure  exerted  by  the  rapour  of  thcs  wino  upon  a  column  of  mcreurj'  privcs  a  measoro 
of  the  alcohol  contained.  The  vopcmr  of  abeolute  alcohol  at  a  tcmiienihire  of  783* 
exerts  a  tension  equal  to  that  exerted  by  uqucoua  vapour  at  ioo\  It  ia  therefore  oniy 
neoGflHuy  to  ascertain  the  height  of  the  calumn  of  mercury  and  the  temperature  tol 
Iztire  at  the  quantity  of  alcohoL  Tlie  opparntua  ia  shown  in  Fi^,  228,  and  consisti  1 
ewentially  of  four  parts,  yiz^— i,  A  brasa  vesael,  a,  half -tilled  with  water,  heated  br 
mfiana  of  tho  lamp  to  the  boiling  point.  2.  A  bent  glass  tube,  n,  to  which  a  woodon  scale 
18  fixed.  3.  A  cylindrical  glass  Tesael,  o,  filled  with  mercur\'  and  the  wine  to  be  tesrtcd. 
4,  A  cylinder  of  ehect  brass,  in  the  upper  part  of  wbich  a  tfiermomelcr,  t»  is  fixed.  Thp 
glass  Tesscl,  o,  ia  filled  with  mercury  to  the  mark,  *f,  and  then  eompletely  filled  with  th»* 
&quid  to  be  tested.  The  boiling- veatiel  ia  now  uffix^,  the  bniiw  cyhndtr  dmwn  over  tli(* 
lucrcitrj^  tube,  and  the  thermometer  inacrtcd^.  Heat  is  applied,  and  the  water  rai«e*i  t*» 
the  bolling-ptiint ;  the  steam  ascends  into  the  brass  cylinder,  aiid  heats  the  tiinc  and 
mercury  to  the  boiling-point  of  water*  The  wine  expaiid»T  und  ia  ptirtly  va|>oTi»ed, 
forcin^^''  tlie  raercury  up  the  anu,  d^  which  has  been  prenQii!*ly  jKTnduatcd  l»y  tx^JcnmcutM 
with  f!tiids  of  Imown  alcoholic  C4>ntents;  the  mercury  of  course  riwt*  the  hi^rh*  r  the  mot*' 
alcobtdl  there  ia  oontiunc«l  in  the  wine.  The  rariahlc  ron»iitiir'titi*  of  the  wine,  the 
eitnurtiTe  matter,  &c.,  do  not  influence  the  re«uH.  Tlie  carbontr  acid  mu^t  have  be<«n 
removed  prcviotialy  by  filtering  the  wine  through  fre«hly-hunit  lime.  E^iunlly  good,  if 
not  btttcr,  rcBultd  are,  however,  to  l>o  obtained  by  the  diatillution  te«^t»  cffectctl  by 
di«tiUing  10  CO.  of  the  TV'ine,  and  adding  to  the  distillate  ftufficient  water  to  tmikc  n  total 
of  JO  c.e.,  the  »peoific  weight  of  the  fluid  giving  the  alcoholic  contents  of  tlie  wine.  TIm> 
alcoholometer  most  generally  cniphTtycd  is*  the  KhuUwnopt'  of  Tabarie,  Fig,  229,  Withk 
ttm  baixjmctrr  nt  760  m.m.  water  l«jilM  at  4-  100'',  and  alcuhol  at  -f-  78*3"  C.  The  nr<ar«*r 
tbcf^forc  the  iKiiliiig-point  of  the  flmd  tested  approaches  783*,  the  greater  the  aleoboli©' 
contents.    The  nine  is  poured  into  the  rce«c1,  o,  and  the  f»nver,  h  ii»  TC"T>!accd.    Tim  fluid  " 


llOAted  by  means  of  the  lam|»t  U  and  the  steam  ^a^ 
llffjgtit  of  tbo  mercury  of  which  when  the  fltud boils  v 
oftne  Triiie«  tested. '  The  i^esscl,  m  m",  is  filled  with  t 


1  the  therm omi'ier.  t  t\  1 
ly  us  the  aholiolic content 
u  1  to  ha^n  the  cundensatiottl 
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CRse  of  red  winM  Qtljf  mm  tho  jellow-brown  colour  of  Bome  wmes  is  undoubtedlj  due  to 

oxidised  cxtr&otiYO  zoatter.    Tho  colonrinar  matter  of  red  wines  hoa  rixjeiyed  from  Mulder 

and  Maumen^  the  namo  of  oenocjan,  wMb  it  is  commonlj  termed  wine-blue ;  it  ia  a  blud 

sobstaDCO  similAr  to  litmus,  poBfle«fiing  the  property  of   tujTiingr  red  in  the  presence  of 

*  licids.     It  is  inflolublo  in  water,  olooholf  ether,  olive  oil,  and  oil  of  turpentine  ;  but  soluble 

IId  alcohol  containing-  F^nuill  quantities  of  tartaiio  or  arctic  acid.     With  a  truce  of  acctio 

'BOid  tho  solution  i^  practically  blue,    turning  red  upon  tho  addition    of    more   acid; 

netttmlued  with  aLkahcs  the  solution  remains  blue.     On  the  emporation  of  u  wine  to 

dmiesa  tho  extractive  matter  rcmikins»T  consisting  of  a  mixtuTG  of  non-volatile  acitls,  the 

st&fts  of  orgaaio  and  iaorganio  adds,  with  cDuanthin,  colouringr  matter,  sugar,  pn>tein 

substances,  and  extraoti^'e  mattor,  tho  naturo  of   whieh  is  unknown.      The  quantity  of 

extractive  matter  differs  greatly,  varying  with  tho  kind  of  wine  and  the  degree  of  fermea- 

I  tation  of  the  sugar*     Frcf*enitis  found  in  Hhino  mnes  a  maximum  of  10*6,  and  a  minimum 

of  4'2  percent,  of  oxtractivoB ;  Fischom,  in  the  winoa  of  the  Palatinate,  107  to  19  per 

cent, ;  in  Bohemian  wines,  2'26 ;  in  Austrian,  2"64 ;  in  Hungarian,  262  per  cent.     Tho- 

mineral  constituents  of  wines  exist   in    but    small    quantities — us   iin   average  in  old 

Hadeira  to  0-25  per  cent. ;  in  old  Rhine  wines,  of  2  per  ccfut. ;  and  in  old  ports,  0*235  V^ 

cent,     Van  Gotkom,  Veltmann,  and  MiJamanu  found  ui  1000  parts  of  vrma  : — 

Madeira 2-55  parts  of  aah, 

Tcnerifie    , .      . .  . ,  291       ,«         „ 

Hhine  wine      , ,     , .     , »  1-93      „        „ 

^ort 235      „        „ 

Fohl  estimated  the  following  number  of  parts  of  ash  in  100  parts  of  wine : — 
Bohemiau      ..     ..     1^97  ports.  Slavonian       ,     ..     1*91  ports. 

Croatian        ,.      ..      i'6S     „  Styrion ,      1*63     ,, 

Craniola         ..      ..      rSl     „  TjtoI    , 184    „ 

Lower  Austrian  ,,     2'oo    „  Hungarian.,     ..     iSo    „ 

The  ash  oontains  potash,  lime,  magnesia,  soda,  sulphurife  acid,  and  phosphoric  acid. 
The  "  Handwcirterhuch  dcr  Reinen  und  Angewandten  Chemie  '*  (B.  ix»,  Seite  676J»  giv 
the  foUowing  analyses  of  wine-ash,  tho  fin»t  four  being  by  OnssOf  and  the  nfth  by 
Boussingault : — 

I.  2.  3.  4.  5. 

Ash  (per  cent) 0-26  0*34  0-41  0-29  o'i8 

Potash        ..     .,     65-5  63"9  yrj  62*0  45-0 

Boda    ....,...,,..  o'3  o"4  vz  2'6  — 

Lime  ..     52  3'4  3-4  5-1  4^9 

Magnesia  ,,,.,...».  y^  47  4-0  4-0  9*2 

Oxide  of  iron 0.7  04  0*1  0'4  — 

Oxide  of  manganei^       , .      . ,  08        .     07  0*1  03  — 

Phosphoric  aoid       15-4  i6'6  14*1  17*0  22"i 

Sulphuric  acid . .      5-2  5-5  3-6  4-9  5*1 

Silica , 20  2'i  i'2  2-2  0'3 

Chloride  of  potassium    ....  1-5  2*1  I'o  1-5  •— 

CarboEUG  acid —  —  —  —  13*3 

loo'o  1000  lOO'O  1000  ioox> 

Hie  bonquet  of  wines  or  their  pecnb'ar  odour  b  duo  to  a?n»nthio  ether  mixed  witJi 
t]^  aloohoL  Aooording  to  C,  Neubautr  (*'  Chemie  des  Weines; "  Wiesbaden,  1S70,  Seite  97),  ( 
this  cenanthio  ether  i*  a  combination  of  various  substiinoea,  of  wliich  capryUc  and  oaproia  I 
iieid  ethers  are  the  most  important,  and  is  a  product  of  tho  fermi^ntation  of  the  must,  j 
Dmiiig  the  fermentation  of  the  sugar  there  arc  formed,  besides  ordinary  alcohol,  propylio  j 
Mod  batrlla  alcohols,  and  suoeinic  acid  as  a  oonstant  product,  while  in  the  juice  of  th«  j 
grape  there  occur  tartaric,  malic,  and  raeemic  acids;  these  with  acetic,  propiomc,  aodj 
butyric  acids,  and  the  aldehydes  of  these  acids,  together  with  the  oil  of  the  aeed  ol  thtt  I 
grape  (oleic  and  palmitic  acids),  cannot  but  greatly  Inilucneo  the  bouquet  of  the  winai 
which  of  oouTBO  laXi  vary  aocoruiiig  to  the  piopofticm  of  thet4?  constituents. 

ibiMinorwi^f*.       Wines  are  subject  to  TariotDB  cuuscs   of  dti'terioration,   t<?rmed 
makdiea,  distempers,  or  diseases.     That  most  commouly  occtirring  ia  ropintu  or| 
vucidittjt  the  caiuio  of  which  waa  for  a  long  time  imknoi^ai,    Fnmcois  showed  that 
it  was  due  to  the  dceomi>oaitioa  of  tho  glucoeo  into  azotisod  matter  and  mannites 
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and  at  the  same  time  indicated  the  proper  remedy,  the  addition  of  tannic  acid.  He 
employs  15  grms.  of  tannin  to  230  litres  of  wine.  This  is  well  mixed  with  the  wine, 
which  is  allowed  to  stand  for  a  few  days.  At  the  end  of  this  time  the  tannin  will 
have  separated  the  azotisod  matter,  and  the  wine  may  bo  bottled  off. 

The  souring  of  wine  is  due  to  the  conversion  of  the  alcohol  into  aCotic  acid,  caused, 
according  to  Pasteur,  by  the  formation  of  the  vinegar  plant  or  Mycoderma  aceti, 
which  he  found  in  all  sour  wines.  This  disease  is  very  common,  and  may  result 
from  too  small  a  proportion  of  alcohol,  too  high  a  temperature  of  the  cellars,  or 
exposure  to  the  atmosphere.  The  wine,  if  too  fur  soured,  is  fit  only  for  making 
vinegar ;  but  slight  cases  can  bo  remedied  by  an  addition  of  sugar.  The  formation 
of  vinegar  may  be  somewhat  delayed  by  impregnating  the  wine  with  sulphurous 
acid.  In  some  cases  the  acetic  acid  may,  by  the  addition  of  tartaric  acid,  be  removed 
as  acetic  ether ;  but  the  acetic  acid  can  never  be  neutralised  with  alkalies,  as  the 
salts  formed  are  very  easily  soluble. 

The  hittering  of  wine,  or  its  acquirement  of  a  bitter  flavour,  is  duo  to  another 
cause,  the  formation  of  a  bitter  substance,  which  devolopes  as  the  wine  ages,  or  at 
too  high  a  temperature.  Maumene  suggests  as  a  remedy  the  addition  of  slaked 
lime  in  the  proportion  of  0*25  to  0*50  grm.  per  litre.  Littering  is  due  also  to  the 
formation  of  brown  aldehyde  resin.  Mould  in  wines  appears  as  a  white  vegetable 
(fungus)  film  covering  the  surface,  and  ai-ises  from  an  insufficiency  of  alcohol ; 
consequently  weak  wines  are  more  subject  to  this  malady.  The  film  of  mould 
should  be  removed  and  the  wine  used  as  soon  as  possible,  for  wine  affected  with 
this  disease  soon  turns  sour.  The  decaying  of  a  wine  is  due  to  the  dissipation  of 
the  alcohol  and  the  decomposition  of  the  acids  of  the  wine ;  the  wine  obtains  an 
astringent  taste,  and  a  dim,  thick  colour,  finally  turning  sour.  The  bitartrate  of 
potash  is  converted  into  carbonate  of  potash,  affecting  the  colouring  matter  and 
tannic  acid,  which  pass  over  into  humus  substances.  At  the  commencement  of 
this  decomposition  a  remedy  may  be  found  in  the  addition  of  a  small  quantity  of 
sulphuric  ether.  CashinesSy  or  the  taste  of  the  cask,  due  to  an  essential  oil  formed 
in  casks  that  have  long  stood  empty,  is  best  removed  by  the  addition  to  the  wine  of 
a  small  quantity  of  olive  oil  and  agitation ;  the  oHve  oil  absorbs  the  essential  oil, 
and  brings  it  to  the  surface  of  the  wine,  whence  the  oily  matter  may  be  skimmed,  or 
the  wine  may  be  filtered  through  freshly  burnt  charcoal.  All  casks  and  vessels  that 
have  stood  long  empty  should  be  well  steamed  before  uso. 

Ageing  and^conMrv«ti<m  ^ho  Pastouring,  a  term  which  usage  has  substituted  for 
pasteurisation,  or  the  conservation  and  artificial  agoing  of  wines,  according  to 
Pasteur's  method,  is  a  great  improvement  in  the  general  treatment  of  wines  to 
ensure  their  keeping.  It  consists  essentially  in  heating  the  wine  to  60°  C,  and  for 
this  purpose  the  apparatiis  designed  by  Rossignol  is  best  suited.  A  metal  cask,  T, 
Fig.  230,  contains  at  the  bottom  a  copper  vessel,  c,  with  a  trumpet-shaped  covei 
extending  in  the  open  tube,  c,  above  the  top  of  the  vessel,  T.  <  is  a  thermometer. 
Water  is  poured  into  the  vessel,  c,  until  the  tube,  c,  is  three  parts  full.  The  wine 
is  placed  in  the  metal  cask,  T,  and  by  means  of  the  tap,  r,  and  the  tube,  /,  run  ofl 
into  the  cask,  F,  when  sufficiently  heated.  The  water  in  the  copper  vessel,  c,  is  em- 
ployed to  prevent  the  direct  heating  by  the  flame  of  the  vessel  containing  the  wine, 
and  the  consequent  burning  of  any  insoluble  matter  settling  to  the  bottom  of  the 
vessel.  Fig.  231  shows  in  detail  the  manner  of  fastening  the  vessels  together.  A 
copper  ring,  a,  encircles  the  vessel,  T,  and  beds  with  the  walls  of  this  vessel  into  tho 
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india-rubber  band,  d,  into  whicli  it  is  pressed  by  tbe  tightening  of  tbe  bolts,  e, 
binding  the  ring  of  angle-iron  and  lower  iron  ring,  h,  togi'therT-  The  joint  is  thus 
rendered  water-tight.  The  Teseel,  T,  is  not  quita  filled  with  wine  to  allow  for 
expansion  binder  heat ;  by  this  means  the  wino  is  exposed  to  a  known  quantity  of 
air,   Wine  should  not  bo  artificially  agod  in  contact  with  air,  as  Pasteur  has  pi-oved 


F. 
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ttiat  such  procoflses  deteriorate  the  colour  and  tlio  lltivour  of  the  wine ;  and  in 
ordinary  cases,  where  part  of  the  process  of  ageing  consists  in  heating  the  winea' 
lor  a  short  timo  in  an  open  TOdsal  with  a  full  oxposiire  to  air,  the  wine  acquires  a 
peculiar  boiled  flavour^  gout  de  cuit,  easily  recognisable  by  the  connoisseur.  By 
Pasteiir's  method,  however,  neither  the  Qavour  nor  colour  of  the  wine  is  deteriorated ; 
indeed,  the  latter  is  improved  by  the  expuUion  of  the  carbonic  acid. 

i^astour  has  shown  that  most  of  the  diseases  of  ^ine,  acotification,  ropiness, 
bitterness,  and  decay  or  decomposition,  are  due  to  the  growth  of  diflferent  fer- 
ments, consisting  of  minute  Togetablo  cells  always  existing  in  wines,  and  becoming 
active  and  destructive  under  certain  conditionSt  such  as  a  chango  of  tempera tuiB 
and  oxidation.  He  recommends  (**  Comptes  Rondus,"  May  ist,  29th ;  August  I4thy 
1865)1  ^^^^  the^  plantsL  of  fungi  should  be  killed^  as  the  best  means  of  ensuring  l^e 
keeping  of  the  wine,  and  the  particular  modtn  operandi  selected  is  essentially  the 
tbllowing,  differing  considerably  from  the  foregoing  method.  Tho  bottles  are  quito 
filled,  the  wine  touclung  the  cork,  which  is  inserted  with  such  a  degree  of  firmness 
that  the  wino  in  expanding  may  forcw  tho  cork  out  a  little,  but  not  so  much  as 
to  admit  air  into  the  bottle.  Tho  bottles  ai-e  thtm  placed  in  a  chamber  boated  to 
45*  to  100^,  where  they  remain  for  an  hour  or  two,  after  which  they  are  removed,  set 
aside  to  cool,  and  the  cork  driven  in.  By  this  me^ins  tho  life  or  active  principle  of 
tho  fungi  is  destroyed,  while  tho  wine  noquiree  an  increased  bouquet,  is  of  a  mor© 
beautiful  colour,  and,  in  fact,  is  to  a  condderable  extent  aged.  Both  new  and  old 
wines  can  bo  thus  treated* 
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Most  wines  are  self-clearing»  the  fenaent  eettHng  to  the  bottom 
of  the  cask,  and  luaviug  the  wino  clear  and  pure*     This  applies  chiefly  to  drj'  wines 
which  have  less  sugar  than  sweet  wines.      The  swoet  wine 3  are  generally  more 
thickly  fluid  on  account  of  the  quantity,  of  sugar  they  contain,  and  consequently 
more  frequently  need  clearing.     Fining,  as  it  is  sornotimos  called,  or  clearhig, 
consists  in  adding  to  tho  muddy  wino  some  albuminous  or  simiLnr  substance  that  will 
mix  with  the  suspended  matter  and  caiTy  it  to  the  bottom  or  bring  it  to  tho  sur- 
face of  tho  wine.     The  substances  most  gonorally  employed  are  white  of  e^^,  ox- 
blood,  and  milk,  or  mixtures  of  these  substances,     I^iming,  or  the  addition  of 
gypsum,  is  for  tho  purpose  of  heightening  tho  colour,  chiefly  of  red  winoa ;  further, 
it  converts  tho  soluble  potash  saita  of  the  wine  into  insolubbj  hme-salts  and  sulphate 
of  potash. 
ThcBnidqetvrWa-te     Tbo  waste  of  wine-making  conhiifta  ol  the  sterns,  hui^ka,  and  s^kIs  of 
or  Wine-uftkLug.    ^jj^  grapes,  as  wull  fts  of  the  fcrmentary  sediment  and  tartar*      Both 
descriptions  of  wast<?  find  nmnerouj*  applications.     The  lees  left  from  tho  prea§hig  of  the 
wine  contain  a  not  unimportant  quantity  of  munt,  which  (i)  is  employed  in  prepai-ing  an 
inferior  wine.    2.  In  the  making  of  an  inferior  brnndv.     3.  In  tlio  prt'panvtiDa  of  ver- 
digris  (see    p.    58).      4.    In    vinegar    making,  and    for    promoting   the  formation  of 
vinegar  from  saoohnrine  or  alooholio  fluids,     5,  In  wdne-makiiig  countriea  the  leea  are 
much  employed  as  fodder  for  horses,  mulcR,  a«d  slievp.     Wliilo  (6)  tho  residue  of  the 
aftcT-pressi ng  or  final   pressing  is  used   aa   manure.      7.  Tlie  grape  iseed  yields  an  oU 
in  quantities  of  lo  to  11  per  cent. ;  or  (S)  tannic  acid  in  largo  quantities.    Tlie  oil  can  bo 
extraetecl  hy  presanrcj  or  hy  treatment  with  bonxolc,  or  with  sidphido  of  carbon,     Tho 
tannin  obtained  can  Ixj  employed  for  tho  preservation  of  hides,  &'c.     9.  Potjiah  ie  prepared 
from  tho  calcined  leea.      10.   Tho  stalks  and  seeds   when    oalrjined    arc    cmploywl   in 
the  prepflratif^n  of  a  blnck  colouring  material  (vine  black),     1 1,  Tho  ferment  and  stalks 
are  m  wjme  wino-pi-iKlueing  eouutric.'*,  be»idr'«  hting  employed  in  the  preparation  of  tartar 
and  potash,  also  \\mA  m  tlif*  *btttiUation  of    a   peculiarly  rich  brandy,  in  which  an  oil 
is  found  poescsBing  highly  the  flavour  of  cognac,  and  known  in  c^^mmerue  as  wine  oil, 
cognao  OU,  kuile  de  imtri\      12.  Crudo  tartar  ia  found  irith  turtriito  of  lime,  colouring 
matter,  and  yeast,  forming  a  morcor  lea.^  thick  crust  on  the  walla  of  tho  wino  cask  or  in 
the  crust  deposited  in  tho  wine,  but  not  firmly  attached  to  tho  vessel,  and  is  tho  chief 
somroo  of  the  pharmaceutical  bitaxtrato  of  potash  (C^H^KO^),  and  tartaric  ocida 

r.ffrTf  MciDff  winw.  ESijrveHcing  wines  have  boon  known  for  many  centurios.  Some  of 
Bembrandt*8  paintings  oxhibit  among  tho  accessories,  a  champagne  glass  with 
effeJTescing  wino.    And  from  Yirgil — 

**  Ilh  impigtr  hauaiif 
Spumantem  p«(<Tam^" 
it  would  appear  that  this  description  of  wino  was  known  to  the  Bomans.     In  1870, 
there  wore  in  Germany  fifty  producers  of  eflToi^oscing  wines,  with  a  production 
of  a  J  to  3^  millions  of  bottles,  i }  millions  of  which  wore  exported.    In  Franco  the 
production  nmoimts  yearly  to  1 6  to  18  millions  of  bottles* 

All  wines  are  capable  of  boing  produced  as  offervescing  wines  if  bottlciil  before  the 
fermentation  h  over.  By  bottling  at  this  period  the  carbonic  acid  is  retained  in  the 
wine,  and  when  tho  bottle  is  opened  the  disengagement  of  this  gas  causes  tho  a]>poar- 
anco  of  efiTeirescence.  In  this  country  tho  effervescing  wine  most  generally  known 
is  champagne ;  but  Ilocks,  Moaollos,  and  even  rod  wines  are  very  admirable  when 
thus  treated.  If  the  wines  contain  much  sugar,  the  fermentation  is  arrested  in  tho 
bottle  before  all  the  sugar  is  consumed,  producing  a  swcot  effervcBcing  wine.  On 
the  other  hand,  if  the  sugar  is  all  oxhauBtcd  in  producing  tho  carbonic  acid, 
the  result  is  a  dry  effenrescing  wine.  These  wines  are  very  agreeable  to  the 
palate,  and  may  be  supposed  to  assist  the  digestion  of  the  f(X)d  with  which  they 
are  taken ;  but  when  new,  they  are  tlangerous  as  being  likely  to  communicate  their 
state  of  change  to  the  contents  of  the  stomach,  interfering  seriously  with  digestion, 
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and  producing  what  ia  irell  known  aa  *'  acidity."  Dry  eflisrTeaoijig  winei  are  less 
likely  to  disagree  tluin  swoet  wines  of  this  class  contaimng  mucli  sugar  and 
fermentable  matter.  The  connoisseur  jdaceB  great  reliance  in  his  judgment  of  a 
champagn©  upon  the  loudness,  or  rathrjr  eharpnoss,  of  the  report  whon  the  cork 
is  drawn,  and  upon  the  **  bead  *'  or  bnbblo  formed  on  the  aide  of  the  glass  by  the  car- 
bonio  acid  gas.  Those  effects  are  not  proportionate,  for  while  a  loud  report  resnlte 
from  an  extended  fermentation,  a  good  bead  may  bo  obtained  with  a  very  weak  fer- 
mentation. The  gas  in  a  bottle  of  champagne  exerts  a  pressure  of  some  IIt© 
atmospheres,  and  it  will  at  once  be  evident  that  if  the  bottle  be  ma»le  a  little 
Bmaller,  reducing  the  space  between  the  cork  and  the  wine  only  one-twentieth. 
a  considerable  increase  in  loudness  of  tlie  report  will  ensue. 

The  process  of  manufacturing  efferrescing  wines  is  in  general  the  foUowing  r^The 
beat  grapes  are  used  for  this  purpose ;  for  champagne,  the  black  grape,  called  by  t 
French  noiHen^  ia  employed.  The  juice  is  expressed  from  the  grape  as 
after  gathering  as  possible,  in  order  to  prevent  the  colouring  matter  of  the  akin 
ofTecting  the  wine ;  while  the  finit  is  pressed  as  quickly  and  as  lightly  as  possible, 
Tlio  juice  from  the  second  and  third  pressings  is  reserved  for  inferior,  or  red-tinted 
effervescing  wines.  The  expressed  juice  is  immediately  poured  into  tuns  or  vati 
where  it  is  left  to  stand  for  twenty- four  to  thirty *six  hours.  In  this  time  any  ea 
matter  or  vegetable  impurities  wall  have  settled^  and  the  juice  is  ready  to  b<?  trans- ' 
ferred  to  the  fermenting  vats,  where  it  remains  for  about  fifteen  days.  It  ts  then  put 
into  casks,  which  are  securely  bunged ;  sometimes  brandy  is  added  in  the  proportion 
of  one  bottle  to  one  hundred  bottles  of  juice  or  must.  Towards  the  end  of  December, 
the  wine  is  fined  with  isinglass,  and  a  st*cond  time  in  the  ensuing  February.  About 
the  beginnbig  of  April  the  clear  wine  is  fit  for  bottling.  It  now  contains,  if  a  gotxl 
wine,  16  to  18  grms.  of  augar,  11  to  12  per  cent,  of  the  volume  of  alcohol  per  bottle, 
and  an  equivalent  to  3  to  5  grms.  of  sulphuric  acid  in  free  acids. 

Great  care  is  necessary  in  the  manufacture  of  champagne  bottles ;  they  mtiat  be 
free  from  flaws,  and  made  of  pure  materials.  Generally  each  bottle  is  from  850  to 
900  grms.  in  weight,  and  equal  in  thickness  throughout.  Formerly  the  flawed  bottlc^^ 
amounted  to  15  to  25  per  cent.,  but  recent  improvements  in  manufacture  have  reduced 
the  percentage  to  10.  Before  the  wine  is  introduced^  the  bottle  is  rinsed  with  a 
Liqueur  of  white  sugar-candy  150  kilos*,  wine  125  litres,  cognac  10  litres,  the  liqueur 
being  allowed  to  remain  in  the  bottle :  according  to  F.  Mohr  the  cane  sugar  of  the 
liqueur  becomes  converted  into  grape  sugar  in  the  champagne.  It  is  doubtful 
whether  glycerine  might  not  be  advantageously  substituted  for  a  portion  of  thei 
of  the  liquDur.  The  liqueur  employed  varies  with  the  flavour  of  the  wine:  pbrt,,^ 
Madeim,  essence  of  muscatels,  cherry  water,  &c.,  are  used,  but  rarely  unmixed  with 
some  other  favourite  solution  of  the  manufacturer,  as,  for  instance,  water  60  litres, 
saturated  solution  of  alum  20  litres,  tartaric  add  solution  40  litres,  tannin  solution 
80  litres.  About  2  litres  of  this  mixture  would  in  practice  be  added  to  a  butt  < 
winn.  The  bottlos  arc  filled  by  women,  the  proportion  of  liqueur  introduced  1 
about  15  to  16  per  cent,  of  the  wine.  A  space  of  alx>ut  2  to  3  inches  is  left  iK'tweoa 
the  wine  anil  the  t^tirk,  which,  after  being  thoroughly  moistened,  is  next  inserted  by 
niJiehino.  The  bottle  is  then  passed  to  a  man,  termed  in  the  French  cstablishmcnl 
the  jnaiUocher,  who  drives  the  cork  homo  with  a  malU:t»  Another  process,  now  get 
rally  effected  by  the  aid  of  a  machine,  is  the  *•  wiring,'*  or  securing  the  C4:)rk  with 
wire  or  fctring*  The  bottles  are  now  conveyed  to  the  cellar,  where  they  are  laid  in 
horizontal  racks  against  the  wall.    In  about  eight  or  ten  days  a  deposit,  termed 
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••  griffe, "  is  formed,  and  shows  that  the  time  has  arrived  f6r  the  wine  to  be  transferred 
to  the  cellar,  where  it  is  to  remain  until  sold  to  the  merchant.  The  deposit  is  allowed 
to  form  during  the  summer,  and  in  the  ensuing  winter  means  are  taken  for  its 
removal.  The  bottles  are  well  shaken,  and  placed  with  their  mouths  downwards,  to 
cause  the  deposit  to  settle  on  the  cork.  The  cork  being  removed,  the  sediment  falls 
out,  when  more  liqueur  is  added,  and  the  bottle  re-corkod  and  again  wired.  The 
bottle  is  now  laid  upon  its  side  at  an  angle  of  about  20°,  and  in  about  eight  to  ten 
days  the  inclination  is  gradually  increased  until  the  vertical  position  is  attained, 
when,  by  a  dexterous  movement  of  the  cork,  the  gas  is  permitted  to  force  out  the 
remaining  sediment.  This  process  is  repeated  as  many  times  as  may  be  necessary, 
until  the  wine  is  perfectly  clear.  Wine  thus  prepared,  generally  known  as  sparkling 
wine,  vin  mousaeuXy  is  ready  for  the  consumer  at  the  end  of  18  to  30  months,  the  time 
varying  with  the  temperature  of  the  season.  One  of  the  greatest  causes  of  loss  is 
the  bursting  of  the  bottles,  sometimes  as  much  as  30  per  cent,  of  the  wine  being 
wasted.  This  in  some  measure  accounts  for  the  dearness  of  these  wines. 
By  the  analysis  of  several  sparkling  wines  (1867  and  1870)  the  following  results 

were  obtained : — 

I.  2.  3.              4.              5.              6. 

PermiUo.  Permille.  PermiUe.  PermiUe.  Permille.  Permille. 

Free  acid 5*300  S'goo  7*600  7*800  6*200  5*600 

Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Alcohol        8*400  9*500  8*700  8*400  9*800  8*400 

Sugar 8-200  4*300  7*900  9*100  7*500  5*400 

Extractive  matter     ..   n*6oo  7*500  10*300  12*000  ii*6oo  15*200 

Specific  gravity . .     ..     1*036  1*029  1*039  1*046  1*039  1*041 

I.  From  Chalons.  3  and  4.  From  Wirtzburg.  2.  From  the  same  place,  but  intended 
for  export  to  India ;  3  being  the  manufacture  of  J.  Oppman,  and  4  of  SiUigmiiller,  both 
well-known  Grerman  firms.  5.  From  Sutaine  and  Co.,  of  Rheims.  6.  From  a  well-known 
Rhenish  firm,  glycerine  being  substituted  for  a  portion  of  the  sugar. 

'^'**  wiEe*MMt.°'  ***  '^®  worth  or  character  of  a  wine  is  determined  by  its  aroma 
and.  the  amount  of  alcohol  and  free  acid  contained — decreasing  with  an  increase  of  the 
latter,  and  increasing  with  increase  of  the  former.  The  proportion  between  tho 
chief  constituents  of  the  grape-juice,  sugar,  acid,  and  water,  is  nearly  equal  in  all 
good  wines,  and  this  proportion  is  never  accidental,  but  always  belongs  to  a  good 
wine.  The  grapes  not  fitted  for  making  good  wines  are  treated  in  two  ways :  either 
the  expressed  juice  is  allowed  to  fei*ment  as  it  is,  in  which  case  an  inferior  wine  is 
obtained ;  or,  by  the  study  of  chemical  analyses  of  good  wilies,  the  incomplete  con- 
stituents are  supplied,  and  others  injurious  to  the  wine  removed,  to  make  the  must 
of  that  quality  which  will  yield  a  good  wine.  The  following  are  tho  best  methods 
of  improving  tho  must: — 

1.  The  addition  of  sugar  to  wine  poor  in  this  constituent,  and  the  neutralisation  of  an 
excess  of  acid  by  moans  of  pulverised  marble  (Chaptal's  method). 

2.  Tho  addition  of  sugar  and  water  to  must  poor  in  sugar  and  rich  in  acid  (Gkdl's 
method.) 

3.  Repeatedly  fermenting  the  husks  with  sugar-wator  (Petiot's  method.) 

4.  Removing  the  water  by  means  of  freezing,  or  by  treatment  with  gypsum, 

5.  Removing  the  acid  by  means  of  a  chemical  reaction. 

6.  Addition  of  alcohol  to  poor  wines. 

7.  Treating  the  prepared  wine  with  glycerine  (Schecle's  method). 

•  The  addition  of  sugar  to  must  poor  in  this  constituent  is  the  oldest  method  of  improve* 
ment,  and  appears  to  have  been  known  to  the  Greeks  and  Romans.    At  that  time  cane 
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?Dg:ar  was  unknown,  lionuy  being  uaod  for  sweeteningf  purposes,  and  wJiick,  being  added 
to  the  wine,  g^avo  it  a  peculiar  flavour,  and  rendering  it  tkick.  In  years  when  honey 
was  scarce,  wo  are  informed  that  the  wine  was  inferior.  Chaptal,  in  1800,  wrote  a  work 
on  tho  cultivation  of  the  grope,  in  which  he  g^iyea  a  recipe  for  adding  giigar  to  an  inferior 
niust>  tt»  render  the  Tuine  equal  to  that  of  better  years,  ihe  acid  being  neutraliziMi  with  piec4*« 
Lii  marhle«  In  Burgundys,  Chaptars  method  is  ntit  much  required  to  he  uiwd^  as  these 
wincH  raroly  contain  more  than  6  parts  per  iogo  of  free  ncid.  The  amount  of  pulverised 
marble  (carbonate  of  lime)  required  to  nentralise  60  parts  of  free  acid  is,  as  a  rule,  50 
parti;  and  the  amount  of  sugar  to  be  added,  when  the  acid  is  in  excess,  is  loo  parts  for 
t-^aoh  50  parts  of  alcohol  required  after  fem^entat ion,  it  buingp  found  that  15  f»er  cent>  of 
tiugai  in  the  must  produces  7*5  per  cent,  of  alcohol  in  tho  jjrepared  wine,  I'lmshhould  it 
bo  desired  to  heighten  the  alcoholic  contents  from  7*5  to  lo  per  cent,,  to  every  lOoo  kiloa. 
of  must  are  added  50  kilofl,  ol  sugar. 

The  cause  generally  of  the  poorness  of  tho  must  in  sugar  is  a  wet  or  cloudy  ^leasoni  during 
which  there  has  been  but  littlo  warmth  from  the  suti  to  ripeai  tho  grapes.  Most  German 
tvines  show,  besideHa  lack  of  sugar,  a  sti|}erabundanee  of  acid,  malic  and  tartainc  acids; 
and  while  the  addition  of  a  sugar  iKilution  increaaea  the  alcohoHc  content±i,  it  does  not 
remove  thew  acid*;,  which  impart  a  flavour  to  the  wine  amd  leaicn  itjj  worth.  Tho  nddition 
of  a  saecharinc  solution  does  not,  as  might  be  expected,  enfeeble  tho  bouquet  of  the  wine, 
if  pure  starch  sugar,  containing  no  dextrine,  be  employed.  The  use  of  impure  starch  sugar 
causes  a  quantity  of  unfermented  matter  to  remain  in  the  wine,  imparting  to  it  a  tendency 
to  decay.  Gall's  method  is  found  to  be  economical,  as  a  flavouring  material  can  be  added 
to  very  inferior  must.     According  to  Gall  a  normal  most  should  consist  of — 

Sugar     . »      ..      , ,     24*0  per  cent. 

Free  at  id        ,  .      . .        0'6         „ 

Water 75*4         „ 

lOO'O         „ 

iooo  kilofl.  of  such  a  must  contain,  therefore  240  kilos,  of  sugar,  6  kilos,  of  free  acid,  and 
75*4  litres  of  water.  If,  by  analysis,  the  must  to  be  improved  yiuhls  oiJy  167  per  cent. 
sugar  and  0*8  per  cent,  acid,  there  are  to  be  added— 

1 53  kilos,  of  sugar,  and 

180    „      or  litres  o*  water, 
by  which  addition  1333  kilos,  of  normal  miist  are  obtained,  correHponding  to  an  increase 
in  quantity  of  33  per  cent:  while  in  fk>iiie  years,  when  the  acid  contents  arc  Ba  maeh  aa 
12  to  14  per  cent.,  tho  increase  in  quantity  ri*ea  to  100  to  115  ptT  cent.,  but  seldom  more, 

Petiot  based  his  method  on  tho  fa*: t  that,  according  to  the  UHual  process  of  preparing 
the  must,  the  ctnlouring  and  bouquet  constituent4  remaining  in  the  mttre  are  suMcient  to 
give  tho  flavour  and  iukiur  of  wine  to  a  lixivium  of  *iugar-watcr.  This  method  luay, 
therefore,  very  Justly  be  considered  as  yielding  a  n^-inc  without  tho  aid  of  grape-juice.  To 
the  mttre  left  aftir  the  expn^ssure  of  the  grape-juieo  c/jld  water  is  added,  equal  in  quau* 
tity  to  the  must  removed  :  in  thb  water  the  marc  is  allowed  to  macerate  for  2  to  3  days. 
Tlie  water  takes  up  tJio  varioiis  soluble  conFtituenta  of  the  marc ;  after  the  time  speci- 
fied the  liquor  is  removed,  and  the  amount  of  sugar  and  acid  it  contains  asoertained. 
There  is  usually  only  2  to  3  per  cent,  of  sugar,  consequently  an  addition  of  17  to  iS  per 
cent,  must  be  made ;  and  if  there  should  be  too  littl<^  acid,  tartaric  acid  must  be  added  to 
approximate  the  acid  contenta  of  a  normal  miijrt.  Tho  artificial  must,  as  it  may  bo  con* 
sidereal,  is  then  put  into  the  fermenting  vat,  while  tlie  mure  is  again  treated  in  a  similar 
manner,  a  longer  immersion  being  this  time  required.  The  nsjulting  wines  are  darker 
in  colour  than  wiiits  prtpareei  from  the  natural  must,  in  eonscM|uenco  of  a  larger  propor- 
tion of  tannin.  The  flavouring  of  thcAO  finest  is  a  matter  of  experience,  and  dfoea  not  fall 
under  any  ehemiral  consideration. 

Freezing  h  employed  in  the  improvement  of  wine,  for  tlie  purpnae  of  reducing  the 
aqueous  contents*  According  to  the  experimenta  of  Vergnette-Lamotto  and  Bouasin- 
gault,  the  effect  of  cold  upon  wine  is  of  a  very  complicate<l  nnture.  By  cooling  the  wine 
at  a  temperature  of  0*6**  tliere  first  ocoura  the  precipitation  of  those  substances  that  aro 
insoluble  at  this  temperature.  Thote  ooiuisi  of  cream  of  tartar;  colouring  mutt*T,  and 
nitrogenous  subetaooes,  and  a  fluid  possesaing  tho  property  of  becomiug  sjlid  i«t  6**. 
When  these  substauces  are  removed  the  wine  beoomea  more  araent,  richer  iu  iiliolu>l,  and 
ita  peculiar  merit  is  that  it  is  not  liable  to  after-fermentation,  and  can  l»e  kept  in  \uU  and 
halJ-empt}'  cfi^ks.  The  removal  of  tho  acid  from  wine  is  effected  bent  by  meaii«  of  car* 
honate  of  lime  (pulverised  marble,  chalk),  sugar  of  lime,  or  m-ntral  tartrate  of  iK»taeli. 
An  addition  of  carbonate  of  lime  to  the  muj^t,  or  to  the  wine,  is  not  detrimental,  in  so  far 
that  the  wine  retains  none,  or  a  very  small  quantity,  of  tho  lime-salt.  Carbonate  of  lixue 
•will  not  be  of  service  in  the  ease  of  so-called  acid  fcrmentationi  as  acetate  ol  Umo  wiU 
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then  bo  formed,  and  the  wine  is  no  longer  worthy  the  name.  Liebig  recommends  the  use 
of  neutral  tartrate  of  potash  for  this  purpose,  as  bitartrate  of  potash  is  formed,  which 
settles  as  an  insoluble  salt  to  the  sides  of  the  vessel  or  bottle.  The  use  of  this  neutral- 
ising agent  has  the  merit,  moreover,  of  not  injuring  the  flavour  and  odour  of  the  wine. 
Sugar  of  lime  can  be  employed  in  tiie  case  of  wines  not  containing  acetic  acid.  To  pre- 
pare the  sugar  of  Urae,  slaked  lime  is  diluted  with  ten  times  the  quantity  of  water,  to 
form  a  thin  cream.  This  cream  is  thinned  with  sufficient  water  to  obtain  a  milk  of  lime, 
in  which  sugar-candy  is  dissolved.  The  solution  is  left  to  stand,  and  the  clear  supernatant 
liquor — a  Rolution  of  sugar  of  lime — decanted  to  mix  with  the  wine  as  required.  Wlien 
the  wine  is  treated  with  the  sugar  of  lime  solution,  the  lime  forms  with  the  acid  of  the 
wine  an  insoluble  salt,  which  is  precipitated,  while  the  sugar  remains  in  the  wine. 

Another  addition  to  wine,  hardly  l«aring  upon  its  improvement,  but  effected  as  a  means 
for  its  preservation  during  removal  or  exportation,  is  that  known  in  France  as  the  vinage, 
a  certain  quantity  of  brandy  being  mixed  with  the  prepared  wine.  When  the  wine  is  to  be 
exported  from  France,  the  law  permits  the  addition  of  5  litres  of  brandy  to  each  hecto- 
litre of  wine,  provided  the  alcoholic  contents  after  the  addition  do  not  exceed  21  per  cent. 
But  experiments  have  proved  that  the  wine  delivered  to  private  consumers  does  not  on  the 
average  contain  more  tnan  10  to  1 1  per  cent,  of  alcohol,  while  the  wine  delivered  to  retail 
firms  averages  16  to  17,  and  to  wholesale  firms  22  to  24  pcr'ccnt.  To  prevent  this  fraudu- 
lent proceeding,  the  operation  of  vinage  is  permitted  only  in  t^e  Departments  of  the 
Pyren6es  Orientales,  Aude,  Herault,  G-arde  Bouches  du  Rhone,  and  Var,  immediately  imder 
the  inspection  of  the  Commissioners  appointed  to  this  duty.  In  1S65,  Scheele  introduced 
his  method  of  improving  wine  by  the  addition  of  glycerine,  tne  addition  being  made  after  the 
first  fermentation  has  subsided.  The  limits  of  the  addition  lie  between  i  to  3  litres  of 
glycerine  to  i  hectolitre  of  wine.    But  the  expense  will  not  permit  of  extended  operations. 

Beer  Brewing. 
Beer.  Beer  is  a  well-known  liquor  obtained  from  germinated  grain — chiefly  barley 
and  wheat,  sometimes  from  rice,  maize,  potatoes,  and  starch  sugar — and  hops,  by 
means  of  a  yeast  fermentation,  but  without  distillation  of  any  kind.  It  contains  the 
constituents  of  the  grain  employed,  which  constituents  by  decomposition  form 
dextrose,  dextrine,  and  albuminous  substances,  alcohol,  carbonic  acid,  small  quan- 
tities of  succinic  acid  and  glycerine,  organic  matter,  with  phosphates  of  the  alkalies 
and  alkaline  earths,  besides  the  constituents  of  the  hops. 

In  Bavaria,  the  Schenk^  or  pot  beer,  is  brewed  in  the  winter,  and  the  Lager,  or  store 
beer,  in  the  summer.     The  winter  beer  is  brewed  during  October  to  April,  when  the 
highest  rang^  of  the  thermometer  is  12"  to  13'.     A  part  of  the  beer  by  a  short  storing  is 
set  aside  for  winter  consumption,  while  the  remainder  is  used  during  the  summer  months. 
I  volume  of  malt  gives  on  an  average  2'5  to  26  volumes  of  winter  beer. 
I  „  „  „  2*0  to  2-1         „  summer  beer. 

In  some  of  the  North  Gk-rman  States,  potato-sugar  and  syrup  are  much  employed  in  brew- 
ing, sometimes  supplying  a  third  part  of  the  malt.     But  generaUy  i  cwt.  of  the  malt  gives — 

300  quarts  Hght  hecr* 
200      „      double  beer. 
180      „      Bavarian  or  bock  beer. 

Material*  of  Beer  Brtirinj.     The  materials  of  beer  browing  are : — i.  Grain,  or  amylaceous 
substances.     2.  Hops.     3.  A  ferment.     4.  Water. 

The  Qraiii, — The  grain  selected  for  this  purpose  is  generally  barley,  as  containing 
the  proportion  of  sugar  and  starch  best  adapted  to  form  alcohol.  Many  substitutes 
have  been  suggested,  but  with  inferior  buccess.  In  Bavaria,  the  large  double  barley 
{Hordeum  distichon),  is  preferred.  According  to  Lermer,  100  parts  of  dried  barley 
contain: — 

Starch        . .  68*43 

Protein  substances 16*25 

Dextrine 6*63 

Fat      3-08 

Cellulose . .     . .      yio 

Ash  and  other  constituents    ••       3*51 
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Eie  ofih  of  barley  contains  in  loo  parts : — 

Potaak \j 

Phosplioric  acid     . .     ..  . ,     30 

bilicic  acid      . .      .  ,  35 

Magnesia  .  .       j 

Limo       ,     . .     .        3 

with  other  constituents.     Potatoes,  ric«,  maiza,  glycerin©,  and  potato-  or  stariih- 
sugar,  are  employed  in  some  rnodym  breweries* 

Hoiifc  The  hop  [Ilumulus  lupuim),  is  a  diaecious  plant  of  the  natural  order  o ' 
TJrtioacoaB,  the  female  ilowors  of  which;  or  catkmsi  are  used  for  flavouring  beer. 
The  C4itkins,  or  strobib,  are  composed  of  a  number  of  bracts  or  scales^  which 
green,  afterwards  changing  to  a  pule  yvlluw*  At  the  base  of  each  flower  is  seat* 
the  pistil  containing  the  seed,  while  suiToiiudiixg  tho  pistil  are  a  number  of  littlo 
grains,  enib(.?ddod  in  a  yellow  powder,  the  farina,  containing  the  active  proiK?rty  o: 
tho  hop»  essentially  lupuline,  the  grains  b43ing  termed  lupulinic  grain.  This  yellow 
pulverulent  Bubstance  conf;jins  an  cssontinl  oil,  tannic  acid,  and  mineral  con- 
stituents. The  eiisential  oil,  the  flavouring  principle  of  the  hops,  is  found  in  air- 
dried  hops,  to  the  amount  of  o*S  per  cent. ;  it  is  yellow- coloured,  with  an  acrid  taste, 
without  narcotic  effoct,  of  a  sp.  gr.  =ro'9o8,  turning  litmus  paper  rod.  It  requires 
more  than  600  times  its  woiglit  of  water  to  effect  a  solution.  It  is  free  from  sulphur, 
and  belongs  to  the  group  of  essential  oils  characterised  by  tho  formnlu,  C^H^,  and 
can  become  oxidised  under  contact  with  the  air  into  valerianic  acid  (C^HjoOj),  thi< 
oxidutiou  being  tho  cause  of  the  peculiar  cheesy  odaur  of  old  hops ;  it  is  a  mixture 
of  a  hydrocarbon,  C5II3,  isomeric  with  tho  oils  of  turpentine  and  rosemary,  with 
an  oil  containing  oxygen,  CioTIisO,  having  the  property  of  oxidation  alluded  to 
Tannic  acid  l^  found  in  tho  several  kinds  of  hops,  in  quantities  varj-ing  from  2  to  5 
per  cnuL,  and  is  an  important  constituent,  as  it  precipitators  the  albuminous  mutter  of 
tho  barley,  and  servos  to  clear  tho  liquor.  It  gives  with  tho  por^salts  of  iron  a  green 
precipitate;  treated  with  acids  and  synaptase,  does  not  sfjparat*}  into  galhc  acid  and 
sugar ;  and  by  dry  distillation  does  not  give  any  pyrogallic  acid.  The  hop  revin  m 
the  important  constituent  of  tlio  hops,  and  contains  the  bitter  principle  or  lupuline* 
It  is  difficultly  soluble  in  waU-r,  esptx-ially  in  pure  water,  and  when  the  Inpuline  or 
essential  oil  is  absent.  But  water  contmning  tannio  acid,  gums,  and  sugar 
duBBolves  a  oonsiderablo  quantity  of  tho  resin,  especially  when  tho  e.'»sential  oil  is 
present  It  is  intensely  bitter  in  taste,  and  becomes  foliated  when  exposed  to  tho 
atmosphere.  Hop  resin  and  the  essential  oil  are  not  identical ;  tho  former  is  soluble 
in  other,  the  latter  is  not.  In  tho  course  of  long  oxposuro  it  becomf^s  inaolublo,  Tho 
gum  and  extractivo  colouring  matter  are  of  little  use.  The  mineral  constituents  of 
hops  dried  at  100^  are  i-^in  ash,  9  to  10  per  cent. ;  15  per  cent,  of  phosphoric  add ; 
17  per  cent,  potash,  &c* 

Quaiuy  of  ti«  uopfc  Tho  quality  of  the  beer  is  almost  proportionate  to  the  quality  of 
tho  hopf.  A  rich  soil  is  required  for  tho  growth  of  the  hop-plant,  well  exposed  to 
tho  influenco  of  tho  sun's  Tfiy»,  and  protected  fr«)m  easterly  winds,  which  are  highly 
detrimental.  The  hops  must  on  no  account  bo  gathere<i  until  tho  seed  is  porfeotly 
ripe,  as  it  is  only  then  that  the  bitter  quality  is  fully  developed.  The  ripeness  of 
tho  hops  can  be  ascertained  by  rubbing  them  between  Uie  fingers  :  if  an  oily  matter 
remains,  with  a  sti^ong  odour,  thoy  arc  fit  for  gathering.  When  gathered,  the  next 
most  imfiortant  operation  is  tho  drpng,  which  is  eflfected  in  kUna  or  storos,  at  • 
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temperature  of  40° ,  with  a  good  ventilation.  When  sufficiently  dried,  the  small  stem 
attached  to  the  flower  snaps  readily.  The  temperature  must  be  carefully  regulated ; 
not  permitted  to  range  so  high  as  to  run  the  risk  of  burning  the  hops,  nor  allowed  to 
fall  so  low  that  the  hops  may  afterwards  become  mouldy  from  under-drying.  Wlu.n 
dried  the  hops  are  careftdly  packed,  the  finer  kinds  being  put  into  canvas  pockets, 
and  the  inferior  into  hop-bags  of  a  coarser  texture.  The  bags  are  then  subjected  to 
slight  pressure  in  a  hydraulic  or  screw  press,  to  render  them  more  impervious  to  air. 
To  preserve  the  hops  they  are  sometimes  sulphured,  that  is,  subjected  to  the  action 
of  vapours  of  burning  sulphur,  i  to  2  lbs.  of  sulphur  being  employed  to  i  cwt.  of 
hops.  Old  hops  are  sometimes  treated  in.  this  manner,  to  impart  the  colour  and 
appearance  of  freshly-dried  hops,  but  the  fr^ud  can  be  detected  by  the  odour.  The 
best  method  of  testing  for  sulphur  in  hops  is  as  follows : — A  sample  of  the  hops  is 
placed  in  a  sulphuretted  hydrogen  apparatus,  with  some  zinc  and  hydrochloric  acid ; 
the  disengaged  gas  is  passed  through  a  solution  of  acetate  of  lead.  If  the  hops 
contain  sulphurous  acid,  sulphuretted  hydrogen  will  be  disengaged — 

(SOa  +  2Hz  =  SHa  +  2n,0), 
and  black  sulphide  of  lead  thrown  down  from  the  lead  solution.     Better  still  is  to 
receive  the  disengaged  gas  in  a  solution  of  nitroprusside  of  sodium,  to  which  a  few 
drops  of  potash-ley  have  been  added ;  the  slightest  trace  of  sulphuretted  hydrogen 
imparts  a  beautiful  purple-red  colour  to  the  solution. 

snbcutatet  for  Hopt.  Other  subetances  have  been  used  as  substitutes  for  hops,  as  the  bark  of 
some  species  of  the  pine,  quassia,  walnut  leaf,  wormwood,  bitter  clover,  extract  of  aloes, 
&c. ;  recently  picric  acid  has  been  employed.  Although  all  these  substances  impart  a  bitter 
taste  to  beer,  they  are  inferior  to  hops.  They  contain  the  same  constituents,  namely, 
tannic  acid,  a  redn,  a  bitter  extractive,  and  an  essential  oil. 

wa-er.  Water  is  employed  for  steeping  the  barley  for  the  purpose  of  inducing  ger- 
mination. Brewers  are  careful  as  to  the  usual  distinction  of  hard  and  soft  waters.  Soft 
water  contains  fewer  mineral  constituents.  Rain,  like  distilled  water,  is  a  very  soft  water, 
containing  traces  only  of  organic  matter,  nitrates  and  carbonate  of  ammonia.  SpI;^lg  and 
well  water  are  in  most  cases  hard  waters,  while  river  water  is  often  soft.  Soft  water,  or 
nearly  so,  is  best  adapted  for  brewing.  Eiver  water  is  preferred  for  malting.  According 
to  Mulder,  in  water  containing  lime  an  insoluble  phosphate  is  deposited,  while  in  the 
course  of  time  lactic  acid  is  formed.  The  water  employed  is  usually  purified  by  filtra- 
tion through  sand,  gravel,  and  charcoal. 

The  Ferment.      The  yeast  of  former  operations  is  generally  employed  in  fermenting  the 
boer-worts.     The  preparation  of  the  yeast,  and  the  rationale  of  the  process  of  fermenta- 
tion, given  in  a  previous  section  of  this  work,  should  be  consulted. 
'^Jj^^jfj^g/    The  brewing  of  beer  may  bo  considered  to  consiijt  of  the  following 

operations :— ^ 

1.  The  malting. 

2.  The  mashing. 

3.  The  fermentation  of  the  beer-worts. 

4.  The  fining,  ripening,  and  preservation  of  the  beer. 

The  Malting.  I.  Malting  is  tho  procoss  during  which  the  grain — barley — is  germi- 
nated, by  means  of  steeping  in  water  until  it  swells  and  becomes  soft.  The  non- 
germinated  grain  possesses  only  in  a  very  small  degree  the  property  of  changing  ite 
starch  into  sugar  (dextrose) :  this  property  is  very  fully  developed  during  the  germi- 
nation, so  much  so  that  it  would  be  an  easy  matter  to  distinguish  between  the 
germinated  and  non-germinated  seed  by  the  degree  of  this  property  alone.  As  has 
been  already  stated,  barley  is  the  grain  preferred,  on  account  of  ite  forming  sugar  in  ^ 
larger  quantities  than  any  other  kind  of  grain.  The  germination  of  the  seed  takes 
place  in  three  well-marked  periods.    In  the  first,  the  seed  is  enveloped  in  an  outer 
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tn*gttn,  which  becomes  exhausted  and  withered.  In  the  socond,  tho  growth  of  the  I 
germ  is  shown  by  the  swoUingat  the  end  by  which  it  was  attached  to  the  stulk  ;  and 
in  thti  thiiid  period,  the  littlo  plimiAilo  or  acrottpire,  which  would  form  tho  stom  of  the 
new  plant,  ia  put  forth.  Tho  germinating:  seed  is  similar  to  an  egg,  with  its  white, 
yolk,  and  erab}TO  ;  thefihell  corresponds  with  the  outer  or  hard  coating  of  tho  sued  ; 
tho  white  and  yoke  of  the  egg  appear  as  tho  albumen,  or  meal  of  the  grain  ;  whilo 
the  emb^TO  of  the  egg  has  its  analogue  in  tho  germ  of  tho  grain.  A  remarkablo 
change  takes  place  during  germination  ;  tho  glutinous  canstituont  has  passed  from 
tho  body  of  the  grain  to  the  radkuta^  or  rootlet,  which  baa  growti  to  nearly  the  length 
of  tho  grain,  whilo  about  one-half  of  the  starch  has  boon  converted  into  sugar. 
This  conTcraion  is  the  aim  of  the  malting,  as  by  its  means  tho  sugar  can  be  readily 
dissulvcd,  Tho  grain  is  supposed  to  have  been  sufficiently  treated  when  the  jtlumtth, 
or  acrospire,  has  attained  a  length  equal  to  two-tlm-ds  of  the  entire  length  of  tho 
grain.  The  operation  of  gennination  ia  tlie  same  with  all  kinds  of  grain  employed 
in  brewing.  The  conditions  of  t^iicccss  are^tho  satiiration  of  tho  grain  with  mois- 
ture, and  a  temperature  of  not  higher  than  40"  nor  lower  than  4"*,  with  access  of  air 
and  exclusion  of  light. 

<2.  Tho  softening  or  soaking  of  the  grain  is  accomplished  in  large  cisterns  of  wood, 
aaadstone,  or  cement,  half-Elled  with  water.  The  grain  is  poured  into  tho  water, 
and  after  the  lapse  of  an  hotir  or  so,  sinks  to  the  bottt)m  of  tho  tank,  only  tho  infe- 
rior and  diseasM  seed  i-emaining  on  the  surface,  to  bo  romovetl  with  wooden  shorela, 
and  thrown  aside  for  use  as  fodder  for  horses,  cattle,  <Jcc.  The  steep  water  roceiTes  ■ 
the  soluble  constituents  of  tho  husk  of  the  seed,  and  becomes  of  a  brown  colour  and 
peculiar  flavour,  with  a  decided  inclination  to  lactic,  butyriCj  and  succinic  add  fer* 
mcntiition.  Tho  duration  of  tho  softening  varies  according  to  tho  age  of  the  grain^ 
tho  temperaturo  of  tho  water,  &c,  A  young  fresh  giain  requires  48  to  72  houi's* 
soaking*  while  an  older  grain,  containing  more  gluten,  is  not  thor^jughly  softened 
under  6  to  7  days.  Grains  of  equal  age  and  constitution  must  be  soaked  together,  to 
obtain  an  equally  softeneil  product.  After  sufficient  B:>aking  tho  gi-ain  is  allowed  to 
drain  for  8  t/j  10  hours,  then  taken  out  and  thrown  into  heaps  on  the  floor  of  the  malt* 
house.  The  sufficiency  of  tho  soaking  is  ascertained— i.  By  pressing  the  grain 
between  the  finger  and  thumb-naU,  when,  if  sufficiently  moistened,  tho  genu  or 
embyro  will  be  projected.  2.  The  husk  is  caaily  destroyed  by  pi-essurc  between  the 
fingei-s.  3.  ^Vhen  crushed  with  a  j>iece  of  wood  tho  grain  yields  a  floury  mass, 
riie  grain  w^hen  softened  has  a  peculiar  ai-oma,  resembling  thut  of  apples.  Tho 
quantity  of  water  usually  absorbed  by  tho  barley  amount*  to  40  to  50  per  cent*  aiitm 
weight,  while  the  grain  corresiKuidingly  increases  in  VMlume  18  to  24  per  cent. 
During  this  absorption  the  grain  loses  1*04  to  2  per  cent,  of  its  own  weight  in  solid 
matter.  Lermer  states,  that  in  fresh  stoop  water  he  has  tV(nnd  succinic  acid  in  tho 
jiroportion  of  30  gmif.,  to  i  bushel  of  grain  soaked, 

h.  The  Oct  mi  nation  of  the  Softened  Grain. — Aa  soon  as  the  grain  is  thoroughly 
eaturattnl  with  moisture,  the  conversion  of  the  starch  into  sugar  commences.  When 
germination  has  proceeded  far  enough  it  must  be  stopiKsd,  as  iibout  this  time  tho 
forujation  of  sugar  haa  reached  a  maximum.  The  softened  birloy  is,  as  Iwforo 
stated,  transferred  to  tho  tloor  of  tho  malting-room,  where  it  is  **  couched,*'  or  placed 
^in  a  layer  4  to  5  inches  in  tliicknees.  Hero  the  germination  proceeds  till  the  plumules 
have  att^iined  the  desirtHl  length.  The  tempemture  rises  8«imo  b""  to  10*,  on  acct^unt  c 
tho  heat  devolopod  during  germination,  and  consequently  much  of  the  moisttuid  i 
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dissipatod.  The  chief  art  of  the  maltster  consists  in  stopping  the  germination  at 
that  point  when  the  plumules  and  roots  commence  to  draw  upon  the  constituents  of 
the  grain.  The  duration  of  the  germination  varies,  during  the  warmer  months  of 
the  year,  from  7  to  10  days,  while  towards  autumn  the  process  will  not  be  completed 
under  10  to  16  days,  but  the  average  duration  is  8  days.  The  grain  during  the  ger- 
mination loses  about  2  per  cent,  of  its  weight,  probably  by  the  oxidation  of  the 
carbon  to  carbonic  acid  by  the  oxygon  of  the  air. 

c.  The  Drying  of  the  Germinated  Grain. — The  grain  is  now  removed  to  the  dryihg 
floor  [welkhoden),  where  it  is  exposed  to  the  air  in  layers  3  to  5  centims.  in  depth,  and 
turned  about  with  rakes  6  to  7  times  daily.  When  tho  malt  becomes  dry  it  is 
cleared  from  the  rootlets,  some  of  which  drop  off  by  themselves,  while  others  have 
to  be  removed  by  winnowing.  Malt  must  be  dried  for  the  making  of  most  kinds  of 
beer,  and  has  to  imdergo  a  roasting  process  before  quite  fitted  for  use.  This  drjring 
or  roasting  is  effected  in  a  malt  kiln  or  cylinder  heated  by  flues  to  the  boiling-point 
of  water.  During  the  roasting  the  malt  acquires  a  darker  colour,  duo  to  the  con- 
version of  the  remainder  of  the  starch  into  sugar.  Tlie  equality  of  the  temperature 
is  of  the  utmost  importance,  so  that  one  part  of  the  malt  may  not  be  more  strongly 
heated  than  another.  Before  the  malt  is  submitted  to  this  operation,  however,  it  is 
first  heated  to  30°  or  40°.  By  this  means  some  of  the  starch  is  converted  into  gluten, 
and  forms  a  coating  to  the  grain  impervious  to  water,  the  malt  being  in  this  stage 
known  as  ** bright"  malt  from  its  smooth  glossy  appearance. 

The  malt  kilns  consist  essentially  of  the  drj-ing  plates  upon  which  the  malt  is 
laid,  and  the  heating  flues.  The  plates  used  to  be  of  stone  or  sheet-iron,  but 
modem  brewers  employ  wire- wove  frames,  placed  one  above  the  other,  so  that  the 
hot  air  from  the  flues  beneath  may  ascend  through  the  interstices.  The  flues  are 
generally  of  sheet-iron  for  the  better  conduction  of  heat  to  the  surrounding 
atmosphere.  Coke  is  used  as  fuel  on  account  of  the  absence  of  smoke ;  as  with  coal 
or  wood  in  the  event  of  a  leakage  in  the  flues  considerable  damage  would  be  done 
to  the  malt. 

The  malt  is  not  all  dried  at  the  same  degree  (50°  to  100°  C),  but  is  distinguished 
as  pale,  amber,  brown,  or  black  malt,  according  to  the  degree  of  heat  to  which  it  has 
been  exposed.  Pale  malt  results  from  heating  to  33°  to  38° ;  amber,  from  a  tempera- 
ture of  49°  to  52° ;  and  brown  from  the  rather  high  temperature  of  65*5°  to  76'5°. 
Black  malt,  commonly  called  patent  malt,  is  prepared  by  roasting  in  cylinders,  like 
coffee  cylinders,  at  a  temperature  of  163°  to  220°.  These  darker  malts  are  used  in 
England  for  colouring  porters  and  stouts. 

100  parts  of  barley  give  92  parts  of  air-dried  malt.  The  loss  of  8  parts  may  bo 
thus  accounted  for : — 

In  the  steep- water      1*5 

During  malting 3*0 

During  germination 3*0 

Other  losses 0*5 

Total  loss       8-c 

The  moisture  in  air-dried  malt  amounts  to  12  to  15*2  per  cent.,  which  is  expelled, 
during  the  kiln  drying.    According  to  C.  John  (1869)  100  parts  of  dried  barley 

eivc- 
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Malt        -       .     .-                   S3 -09  8588 

Pltimiiles     •.     .  .                    3^56  '3*09 

Eadicules  (rootlets)             ,.       4*99  4*65 

Fennentaiy  prtxliicU         ..       S'jG  6*38 

loo'oo  100*00 

^0  change  undorgooo  during  tho  drying  or  roastiij^  of  the  malt  is  ahowu  in  the 
,  following  table,  the  ruBult  of  Ouduman'a  anolyfies : — 

Aii-dried  Halt.  Kiln-dried  Malt.  Strongly  dried  Malt. 

Products  of  roasting  o*o  7*8  14*0 

Boxttino ....  8*0  6 '6  lo'i 

Starch      58*1  58'6  47*6 

Sugar       .*       .     **  0*5  07  o*9 

CoUulose i4'4  io*8  11*5 

Albuminoua  matter  13*6  10*4  10*5 

Flit 2'a  2'4  z'6 

Ask  , ,      . .     , ,     . .  3-2  27  27 

Tho  amount  of  sugar  is  undoubtedly  increased  during  tlio  process ;  and  tha 
dextrine  appears  to  increase  with  decrease  of  startih,  and  vice  versa.  The  conversion 
of  fitarch  into  dextrino  and  sugar  is  effected,  as  far  as  is  known,  by  tho  agency  of 
dijiJ5taflo.  Dubrunfaut  has  only  lately  (1S68)  shown  tliat  miilt  presents  another 
substance  similar  in  its  eiTect  to  diastai^,  and  which  he  teraicnl  mfiHtn,  This  principle 
h  found  to  bo  much  more  active  than  diastase,  so  that  with  tho  sumo  quantity 
of  maltin  which  a  known  quantity  of  malt  contains,  ten  times  as  much  b^er  can  he 
obtained  as  when  iliastaso  only  is  employed.  Bubrunfaut  has  also  found  a  sec!ond 
but  less  active  substance.  Its  bc?haviour  with  re«i)ect  to  tho  decomposition  of  starch 
is*  similar  to  that  of  diastoso  ;  malt  contains  ij  per  cent.,  whilo  only  i  per  cent,  of 
maltin  is  found.  The  treatment  with  alcohol  necessary  to  obtain  diastafic  destroys 
tho  maltin.  Dubnmfhut  beHeved  diastase  to  be  only  a  less  activo  modification  of 
these  new  substances* 

^*^*^'in,**^****       2.  Under  tliis  head  is  incliuled  tho  preparation  from  malt  of  tho 
wort— a  saccharine  fluid  contaiuing  dextiine— antl  tlie  flavouring  with  hops*    The 
general  method  of  prepanvtion  is  in  thi-e©  operations  : — 
a.  Tho  bruising  of  the  malt. 
h.  The  mashing. 
c,  Tho  boiling  and  flavoui'Log  of  tho  wort  with  hops, 

■"**  **^Jii*;  **'  **■*  «.  Beer- wort,  or  the  w^ort,  as  it  is  generaHy  termed,  is  obtained 
by  means  of  tho  extraction  of  tho  bruised  malt  with  water.  To  the  end  that  all  tho 
active  principles  may  bo  extracted  from  tho  rualt,  it  muAt  \m  bruised  or  ground  to  a 
lino  meal.  Tho  obtiiinitig  of  a  clear  liquor  after  tho  extraction  is  effected  by 
mtNins  of  filtration,  Tho  grinding  is  ordinai-ih*  performed  in  a  malt  mill,  a  machino 
with  rollers  being  preferred  as  alfording  a  more  equable  product. 

Mm^imM.  b.  The  mashing  is  a  most  important  operation,  on  success  in  whldi 
depends  many  of  the  good  qualities  of  the  beer.  It  is  duiing  this  operntiou  that 
not  only  tho  sugar  and  dextnno  already  existing  in  tho  malt  aro  set  free,  but 
ilao  tho  imconvertod  starch,  by  tho  aid  of  diastase,  tho  water,  and  a  iaToumblo 
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temporatnre,  suflfer  conyersion  into  sugar  and  dextrine.  Lermor  found  in  the  beat 
cases  of  mashing  that  only  half  the  starch  was  converted  into  a  corresponding 
quantity  of  sugar.  The  operatioifis  very  variously  performed,  but  generally  may  bo 
considered  as  eflfected  by  eitber  of  two  methods : — 

a.  The  Infusion  Method^  according  to  which  the  mash  is  prepared  at  a  certain  degree 

of  heat,  bat  never  attains  the  boiling-point.  The  crushed  malt  is  thrown  into  hot 
*  water  {Jirat  cast)  in  the  mash  tun,  and  when  the  mash  has  reached  a  certain 
saccharine  condition,  a  further  addition  of  water  is  made  {second  and  third  cast's. 
The  infosion  method  is  much  employed  in  North  Germany,  France,  England, 
Austria,  and  Bavaria. 

b.  The  Decoction  Method. — After  the  infusion  has  been  made  the  mush  is  brought  to  the 

boiling-point,  and 

a.  A  portion  of  the  water  evaporated  to  form  a  thick  mass  {thick  mash 
boiling).  At  a  subsequent  sta^e,  only  a  portion  of  the  mash  having  been 
thus  treated,  the  remainder  of  the  mash  is  added,  and 

3.  The  whole  of  the  mash  is  heated  to  the  boiling-point  {clear  n*ash  boiling). 
During  the  clear  mash  boiling  the  hops  are  a^ded. 

The  mashing  vessels  aro  either  round  tubs  or  wooden  cisterns  with  a  double 
bottom,  the  upper  being  perforated,  and  about  an  inch  above  the  true  bottom.  Between 
the  bottoms  is  a  tap  through  which  the  wort  is  drawn  off.  In  large  breweries  these 
bottoms  are  of  metal  instead  of  wood.  The  hot  water  is  supplied  from  the  bottom 
and  not  from  the  top  of  the  vessel.  Under  the  mashing  vessel  is  situated  a  large 
reservoir,  either  of  stone,  cement,  wood,  or  masonry,  and  destined  to  receive  the 
fluid  run  off  from  the  mash.  The  continuous  stirring  of  tho  contents  of  the  mash- 
tun  or  tub  is  effected  either  by  hand  or  machinery  driven  by  water  or  steam  power. 
Decoction  Method.  The  general  description  of  the  mashing  process  having  been  given, 
we  now  pass  on  to  tho  particular  method  of  preparing  tho  wort  by  decoction.  The 
infusion  takes  place  in  tho  mash-tun,  in  which  the  required  quantity  of  water  is 
placed,  and  the  malt  to  bo  mashed  shaken  in.  Tho  quantity  of  water  employed  in 
making  the  infusion  is  generally  in  tho  proportion  of  202  volumes  of  water  to  100 
volumes  of  malt,  both  at  tho  ordinary  temperature.  After  the  bruised  malt  has 
been  well  stirred  in  tho  water,  the  whole  is  allowed  to  stand  for  6  to  8  hours. 
During  this  time  tho  necessary  quantity  of  water  is  heated  to  the  boiling-point  in 
the  copper.  Tho  quantity  of  water  used  to  prepare  an  estimated  quantity  of  beer  is 
termed  the  **  cast,"  and  tho  quantity  of  malt  the  **  yield."  In  Bavaria  tho  quantity 
of  beer  prepared  from  a  defined  quantity  of  malt  is  as  follows : — 

1  r--.  14.    •  ij  (  202'3  volumes  of  Schenk  beer. 

100  volumes  of  malt  j-iold  {  ^^^.^  ^    ^^^  ^^^ 

In  order  to  produce  this  quantity  of  beer  an  equivalent  quantity  of  water  must  of 

course  be  employed,  so  that  in  a  Bavarian  brewery  to  100  volumes  of  malt  there  are 

taken  of  water — 

Schenk  beer.  Lager  beer. 

For  infusion 202*3  vols.  202*3  vols. 

For  mashing 170*0     ,,  130*0     ,. 

372*3  vols.  332*3  vols. 

These  propqprtions  vary  according  to  tho  quality  of  tho  grain,  tho  stato  of  tho 

weather,  tho  length  of  time  of  keeping,  &c. 

The  various  modifications  of  the  decoction  method  arc: — i.  Tlie  Bavarian  or  Muniob 
method.  2.  The  Augsberg-Nuremberg,  or  Swabiau  method,  sometimes  termed  *'  sediment 
brewing"  {mtzbrantii). 

Thick  Math  BoOJng.     According  to  the  Munich  method  (thick  maeli  boiling)  the  cast  of  water 
ic   divided  into  three  portions,  two  of  which  are  poured  inu)   tho  maah-tun  to  form  a 
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pftSta  witk  tho  bruised  malt.  After  this  mash,  lias  stood  for  two  to  four  liours,  the  it  * 
miisiiiitg  third  of  the  water,  which  duriug^  this  time  has  been  heated  to  the  boilm^-point  iii 
tho  copper,  is  added,  the  whole  of  the  mash  nttnining  thci-eby  a  teniperatiirc  of  30  to  40' 
Then  follows  the  first  thick  ma^b  boilings  '*  ft*r  this  purpoiie  the  brewer  drawi*  the  mash) 
grain  to  one  si  do  of  the  tiiUi  and  removej*  ti  portion  to  the  copper,  where  for  wlit»iik  l>e 
it  is  boiled  for  thirty  minutes,  und  for  summer  beer  for  seveuty*tive  minut'es,  Th**  quantity 
of  mash  boiled  ut  cuch  operation  is  genemlly  about  half  the  ea^t»  The  boiHugf  mass  ht 
retnnitd  to  the  mash  tun,  Tlien  follows  the  H'omd  thick  maah  boiliugr,  which  for  sthenek 
beer  last  seventy-five  minutes,  and  for  iiummer  beer  an  hour.  By  means  of  the  fir»t 
boiled  mash  the  contents  of  the  mash  tun  are  raised  to  a  temperature  of  48'  to  50%  and 
by  tho  Beoond  addititm  t<j  60*  tr>  62  \  After  the  fimsliing  of  the  second  maahin;^  the  rkar 
mofthin^  beg^a,  that  is,  tho  thinly  fluid  part  of  the  ma«h  is  placed  in  the  copper  and  l*oLiod  for 
about  fifteen  minutes,  and  is  then  it^tumed  in  the  mavsh  tun.  The  temperature  of  the  miish 
is  now  72"  to  75'\  and  is  most  suited  for  the  formation  of  sugar.  The  mash  remjiina  in 
tho  covered  tun  14  to  2  huurs.  During  tlus  time,  jind  as  soon  oa  the  clear  ma!iih  has  Iks 
removed  from  the  copi>er,  tho  latter  is  re-filled  with  a  sufBcient  quantity  of  water  for  ti 
purpoBefi  of  brewing  smalt  beer.  When  the  sugar  has  Ixx'U  properly  f farmed  and  dia 
Bolved  in  the  wort  the  latter  is  removed  frtmi  tho  maiih  tun  in  the  f  ennenting-  vessels,  Th 
romaining>  mash  in  then  treated  with  hot  wat4:'r  to  yield  small  beer,  i  bushel  of  malt  yieldinj 
35  to  50  quarts  of  this  Ixx-r,  Tlio  residue  of  the  small  In^er  Ss  again  treated  with 
the  resultingr  infusion  being  employed  in  vinegar-making-.  The  residue  from  thia  pi 
is  used  as  ftidder  for  cattle. 

Tho  thick  mash  boiling  is  by  no  means  a  rational  method,  as  the  separation  of  the  muidi 
and  tho  several  I'emoviiJs  an*  unneeessajy  labour,  and  do  not  contrilmte  bo  much  to  the 
oomplete  extraction  of  the  lanlt  as  is  generally  supposed ;  the  high  temperature  renders 
a  portion  of  the  diaataao  ineffoctive,  while  mueh  of  the  starch  remains  unconverted  into 
dextrine  and  dextrose. 

All  who  hare  tried  to  redace  the  brewing  process  to  simple  methods  baM:«d  upon  Hound 
chemical  and  physical  principles  declaim  against  the  process  of  thick  mash  boiling, 
statlng^and  with  good  stjund  reason  proved  by  experiments — that  the  advantages  of 
this  method  arc  absurdly  overrate<l ;  and  that  in  order  to  lessen  tlic  bad  effeets  of  this 
method  as  much  as  posaihle  it  ^hi-uld  bo  rex^laoed  by  a  methcd.  of  hot  mashing^  viz., 
at  a  temperature  of  from  60*  to  65". 

Aiviimrff  MflthoU.  Distinct  from  the  foregoing  mash  methods  is  the  so-called  '*ftodimont 
brewing*'  used  in  many  Swahian  and  Franeonian  breweries.  It  esAentially  consists  in 
treating  the  bruised  malt  with  cold,  and  then  with  hot  T*-ater  to  obtain  a  saccharine 
wort.  The  bruised  malt  is  mixed  ^^-ith  cold  water  in  the  mash  tun  in  the  proportion  of 
7  Bavarian  bushels  to  30  to  35  timers  (each  ^  68-41  litres  of  water.  After  standing  for 
foiu-  htmrs^  two-thirds  of  the  fluid  is  draiini  off.  During  thia  time  a  quantitj  ol  water 
(48eimerH  to  7  bnsihcla  of  bniist^l  malt)  is  brought  to  tho  boiling-point  in  £he  copper;  a 
|K»rtiou  of  this  water  is  now  a^ldeil  to  the  contents  of  the  mash  tun,  whiih  thus  nttaiJW 
temperature  of  50*'  to  52°,  while  tho  liquor  or  weak  wort  drawn  off  from  tho  n 
ttin  is  poured  along  with  tho  rest  of  the  water  in  the  copper.  Tho  liquor  that 
been  drawn  off  eontains  alhiimen,  diastase,  dextrine,  and  de.\tT05c.  The  nia^h  is  ullowi 
to  stand  for  a  quarter  of  nn  hour  in  the  tun,  when  the  fluid  is  ontire^ly  drawn  ol 
transferrod  to  the  copper,  and  h  uted  to  the  boiling-point.  *rhis  ii«  t^TUicd  the  *'  first 
masb.'^  While  this  is  going  on  euuugh  fluid  will  have  drained  from  the  molt  in  the  maAh 
tun  to  fin  tho  rpacQ  between  the  double  bottonn)  of  the  tun ;  this  fluid  is  at  once  removod 
to  the  cooling  vessels,  Tho  fluid  heated  in  the  oopner  is  now  returned  to  the  mash  tun, 
the  entire  contents  of  which  attain  a  temperature  of  72'  to  75*.  This  **  second  msj^^h"  is 
after  an  hour's  interval  fuUowed  by  a  **  third  mash."  The  wort  is  then  run  into  tho 
oooliug  Teasels, 

tunica  xvtbod.  The  infusioE  method  ijs  diatiogimelied  from  tho  decoction  method  by 
a  alight  ilifforence  in  tho  proccdare,  tho  bruised  malt  being  treated  Ti'ith  water  at  a 
tompenituro  of  70**  to  75"*,  but  without  any  portion  of  th©  mash  being  boiled.  The 
method  is  that  usually  omployed  in  this  oountry,  North  America*  France,  Belgium, 
and  North  Gonnany. 

The  quantity  of  wator  intended  to  bo  used  for  tho  mashing  process  is,  according 
to  the  initial  temporaturo  of  tho  water  tho  browor  has  at  hand,  heated  either  wholly 
or  only  a  portion  in  tho  copper,  tho  tempomture  of  thie  fluid  being  raiaed  in  winter 
to  75",  in  summer  to  from  50^  to  6d^,  Tho  necessary  quantity  is  first  poured  into  tbw 
nuAh  tun,  tho  bruised  mult  beiDg  nest  added,  and  the  mixture  made  up  bo  its  to 


BEER.  411 

form  a  moderately  thin  paste.  Water  is  heated  to  the  boiling-point  in  the  copper  in 
order  to  proceed  further  with  the  mashing  process.  As  soon  as  a  suflSciont  quantity 
of  water  boils  it  is— usually  by  moans  of  properly  constructed  pipes — allowed  to 
run  into  the  mash  tun,  wherein  it  is  considerably  cooled  owing  to  the  colder  water 
(liquor)  present  in  that  vessel ;  the  increase  of  temperature  of  the  contents  of 
the  tun  to  75®  (the  most  suitable  for  saccharificationj  is  generally  made  in  order  to 
prevent  the  formation  of  starch  paste,  whereby  the  formation  of  diastase  would  be 
interfered  with.  Since  the  conversion  of  amylum  (starch)  into  dextrine  and  dextrose 
proceeds  gradually  only,  it  is  clear  that  the  contents  of  the  mash  tun  should  be  kept 
at  the  temperature  suitable  for  that  process ;  while,  however,  on  the  other  hand,  care 
has  to  be  taken  to  prevent  the  mash  becoming  sour  by  the  formation  of  lactic 
(probably  also  propionic)  acid. 

The  progress  of  the  formation  of  dextrine  and  dextrose  is  best  ascertained  by  the 
help  of  an  aqueous  solution  of  iodine,  or  preferably  of  iodine  dissolved  in  iodide  of 
potassium,  in  the  proportion  of  o-i  grm.  of  iodine  and  I'o  of  iodide  of  potassium  to 
100  c.c.  of  water ;  this  solution  will  at  first  give  with  a  sample  of  the  mash  a  dark 
blue  colouration,  next  a  wine  red,  and  finally,  when  only  dextrine  and  dextrose  are 
present,  no  colouration  at  all.  The  addition  of  two  to  three  drops  of  the  clear 
wort  to  a  small  quantity  of  this  iodine  solution  is  sufficient  for  testing.  When 
the  mash  has  been  kept  for  about  one  hour's  time  at  the  temperature  most  suitable 
for  the  saccharification,  the  wort  is  run  either  into  a  largo  reservoir,  or  into  a 
vessel  kept  expressly  for  this  purpose,  or  lastly,  at  onc^  into  the  copper ;  and  a 
fresh  quantity  of  water  is  then  poured  into  the  tun,  and  the  contents  of  the  tun 
are  allowed  to  remain  for  half  to  one  hour  at  a  temperature  of  75°.  It  is  as  a 
matter  of  course  quite  evident  that  the  infusion  method  may  be  varied  as  regards 
the  quantity  of  water  and  repeated  number  of  infusions ;  but  in  order  to  brew 
a  beer  of  a  certain  and  fixed  brand  it  is  requisite  that  the  degree  of  concentration 
of  the  wort  be  always  the  same.  For  the  purpose  of  ascertaining  the  degree  of 
concentration.  Balling's  saccharometer  is  generally  employed,  which  instrument  when 
put  into  sugar  solutions  indicates  the  percentage  of  sugar  they  contain.  Balling 
has  shown  that  solutions  of  diy  extract  of  malt  have  the  same  specific  weight  as 
cane  sugar  solutions  of  equal  percentage.  For  use  in  a  brewery  tlio  saccharometer 
need  only  be  graduated  for  solutions  varying  between  20  to  30  per  cent. 

Extwcurcs  of  ihe  Wort,  The  quantity  of  extract  which  a  wort  should  contain  depends, 
of  course,  .upon  the  quality  of  the  beer  which  the  brewer  desires  to  make,  and  diffeis 
according  to  the  nature  of  the  beer,  whether  it  shall  be  thick,  hea\'y  (rich  in 
extract),  or  strong  (of  great  alcoholic  strength).  The  quantity  of  malt  extract  varies 
in  different  beers  from  4  to  15  per  cent.,  that  of  the  alcohol  from  2  to  8  per  cent. 
I  per  cent,  of  sugar  in  the  wort  yields  after  fermentation  0*5  per  cent,  of  alcohol.  To 
produce  a  beer  containing  5  per  cent,  of  alcohol  and  7  per  cent,  of  malt  extract,  the 
Wort  should,  before  fermentation,  mark  the  degree  on  the  saccharometer  corre- 
sponding to  17  per  cent.  A  beer  of  3*5  per  cent,  of  alcohol  and  5*5  per  cent,  of  malt 
extract  will  have  resulted  froni  a  wort  containing  12*5  per  cent,  of  cugar. 

Boning  the  Wort.  c.  The  prepared  but  not  yet  boiled  wort  contains  dextrose,  dextrine, 
some  unconverted  starch,  protein  substances,  extractive  matter,  and  organic  salts. 
The  colour  of  the  wort  is  a  brown  or  yellow-brown,  according  to  the  variation  of 
colour  of  the  malt  from  which  it  has  been  obtained.  The  odour  is  agreeable  and  the 
taste  sweet.    The  wort  exhibits  an  acid  reaction  to  test-paper,  owing  to  the  presence 
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in  tLat  fluid  of  small  quantities  of  foae  phosphoric,  lactic,  and  probably  other  acida ; 
but  in  case  the  wort  has  by  accident  bocomo  sour,  or  if  wort  is  made  purpoaely 
from  already  exhaustod  grain  which  has  become  sour,  this  reaction  is  far  stronger, 
and  may  be  ascertained  by  the  odour,  owing  to  the  formation  of  volatile  acids, 
among  which  butyric,  and  in  the  latter  case,  lactic  and  propionic  acids  ore  preaent 
m  largo  quantity.  The  boiling  of  the  wort  aims  at  its  concentrnition.  and  also 
at  the  extraction  of  the  bitter  principle  of  the  hops ;  farther  also  for  the  purjxjse 
of  coagulating  and  precipitating  a  portion  of  the  albuminous  substances,  by  the  aid 
of  the  tannic  acid  contained  \i\  the  hops.  This  latter  reaction  renders  the  wort 
clear.  In  many  breweries  gypsum  is  added  to  the  boiling  wort  to  reduce  the  whole 
of  the  nitrogenous  substances.  The  boiling  La  generally  elTected  in  copper  c^iuldrous 
(technically,  also  simply,  **  the  copper  ")»  set  Ln  masonry  over  a  fire-grate.  The  fire 
is  very  carefully  disposed  to  prevent  the  burning  of  the  wort,  as  the  pans  are 
exposed  to  the  direct  action  of  the  tlame.  The  manner  of  hopping  (as  it  is  termed-), 
that  is  to  say,  tho  mode  of  adding  the  hops  to  thewort,  varies  in  different  breweries, 
ttud  depends  as  regards  quantity  also  upon  the  quality  (strength)  of  the  hops,  the 
larger  or  smaller  amount  of  extract  contiiined  or  desired  to  be  retained  in  tho  be^^r, 
and  last,  but  not  least,  the  mode  of  preservation  and  length  of  time  it  is  intended  to 
keep  the  beer, 

AddiBR  iiie  Hoi^  To  winter  b^er,  which  in  Germany,  as  a  rule,  is  consumed  in  four  to 
^ix  weeks  after  browing,  the  ohl  hops  (viz.  one  year  old),  are  addi'd  in  the  pmportioa 
i)f  2  to  3  pounds  to  a  Bav^miiu  bushel  of  malt  (2*22  hectolitres),  For  summer  be<3r,  to 
be  consumcnl  in  May  and  June,  4  to  5  lbs.  of  new  hops  are  added  to  the  bushel  of 
dried  malt;  while  for  tho  beer  for  September  and  October  consumption,  6  to  7  pouiida 
of  now  bops  are  employed  with  each  bushel  of  malt*  Among  tho  coustituonts  of 
hops  which  are  active  in  the  process  of  brewing,  we  mention  in  the  first  place  the 
bitter  ingredient  it  contains  (not  coixectly  known,  notwithstiinding  recent  roaeorck) 
and  which  as  well  imparts  to  bc*er  its  bitter  taste  as  its  narcotic  property ;  further,  the 
ttinnic  acid  which  combines  during  the  boiling  of  the  wort  with  a  j>ortion  of  such 
of  its  protein  compounds  as  aro  not  rendered  insoluble  by  tho  Itoiling  alone,  and 
fbrm  together  a  precipitate,  rendering  the  wort— previously  turbid — quite  clear, 
and  also  regulating  the  first  and  second  (so  called  after)  fermentation.  The  essential 
oil  and  resin  mot  with  in  hops  act  to  a  certain  extent  as  retarding  tho  fermentation, 
and  thus  as  preventatives  of  converting  the  wort  into  a  sour  liquid ;  as  regards  tho 
inorganic  constituents  of  hops  they  do  not  appear — at  least  cannot  be  directly 
proved — to  bo  of  much  consequence.  As  regards  the  degree  of  concentration  to 
be  given  to  the  wort  by  the  process  of  boiling,  it  shoubl  bo  observed  tlmt  the  degreo 
of  concentration  as  ascertainable  by  tho  saccharorneter  should  remain  from  0*5  to  t 
eaccharometrical  percentage  under  the  degree  of  eoncontratioii  which  the  wort 
should  indicate  at  the  beginniug  of  the  fermentation,  because  while  cooUng,  tho 
wort  gains  in  conoontration  just  tho  percentage  alluded  to.  Tho  sc^paration  of  the 
coagulated  albumen  does  not  take  place  until  the  temperature  of  tho  wort  has 
reochod  90**;  and  tho  quantity  separatrnl  is  great*?r  fn>m  wort  prepared  by  tho 
infdsion  method  than  from  that  prepared  by  tho  decoction  methotl.  As  soon  as  it 
appears  that  in  a  sample  of  the  boiling  wort  taken  from  the  pan  and  pourrd  into  a 
large  test-gloss  the  suspended  flocculent  matter  settles  rapidly  to  the  bottom  of 
the  gloss,  tho  boiling  can  be  discontinued,  the  wort  being  then  ready ;  but  in  tho 
cttee  of  the  infusion  method,  the  boiling  is  continued  for  the  purpose  of  further 
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concontrating  the  liquor,  and  the  boiling  for  this  purpose  may  even  last  for  from 
5  to  8  hours.  If  the  boiling  only  aims  at  the  coagulation  of  the  albuminous 
compounds,  one  hour's  boiling  in  winter,  and  three-quarters  of  an  hour  in  summer, 
is  quite  sufficient.  As  regards  the  hops,  :t  is  best  to  add  them  in  a  somewhat  cut 
up  state,  and  not  before,  by  a  good  boiling  of  the  wort,  the  greater  part  of  the  albu- 
minous compounds  have  been,  as  far  as  possible,  precipitated.  In  order  to  extract  the 
hops,  the  wort  is  either  passed  through  a  basket  filled  with  hops  or  through  any 
suitably  constructed  perforated  vessel  retaining  the  hops,  this  vessel  being  placed  in 
communication  with  the  coolers ;  or  the  hops  are  boiled  along  with  the  wort ;  or 
again,  several  portions  of  the  wort  are  boiled  successively  along  with  the  samequantity 
of  wort ;  and  lastly,  even  with  the  weakest  wort  or  after-run. 

Cooling  the  Wort.  The  cooliug  of  the  wort  to  the  degree  necessaiy  for  Iho  commence- 
ment of  the  fermentation  is  eflPected  in  large  wooden,  stone,  or  iron  cistoms.  As 
at  a  temperature  of  25°  to  30"  0.  the  wort  has  a  great  tendency  to  set  up  lactic  acid 
fermentation,  the  cooling  has  to  be  very  rapid  in  order  that  the  temperature  of  the 
liquid  may  be  soon  much  below  25**  to  30°,  and  thus  any  danger  of  souring 
prevented. 

The  cooling  of  the  wort  is  an  operation  which  is  performed  in  well  constructed 
and  in  all  directions  well  ventilated  buildings,  protected  from  rain,  in  which 
buildings  the  coolers  are  placed.  Owing  to  improvements  in  the  modes  of  cooling, 
it  is  now  possible  even  to  brew  beer  in  localities  (as  for  instance  Montpellier  and 
Marseilles,  Barcelona,  and  Naples)  where  formerly,  on  account  of  the  prevailing 
high  temperature  during  the  greater  portion  of  the  year,  brewing  could  not  take 
place  at  all;  while  also  for  the  same  reason  in  various  countries  (America, 
United  States  especially),  excellent  lager  beer  is  brewed.  The  cooling  vessels 
are  generally  only  6  to  8  inches  deep,  of  wood,  iron,  or  copper,  and  are  placed  in 
an  airy  situation  near  or  immediately  under  the  roof  of  the  brewery.  Metallic 
vessels  are  of  course  moi*e  eflPectual  in  cooling  the  wort  in  a  short  time  than  wooden 
ones ;  they  are  also  more  cleanly,  and  less  liable  to  get  out  of  order.  In  some 
breweries,  where  a  constant  stream  of  cold  water  is  available,  the  coolers  arc  placed 
therein ;  but  this  is  of  course  a  matter  entirely  depending  on  the  locality  of  the 
bi-ewery.  Without  doubt  the  surest  means  of  cooling  the  wort  rapidly  is  by 
employing  ice,  either  in  blocks  in  the  wort  or  in  pans  placed  in  the  cooling  tuns. 
But  for  economic  reasons  this  plan  is  not  generally  available.  The  temperature 
to  which  the  wort  is  to  be  cooled  is  that  best  suited  to  fermentation,  the  next  process 
to  which  the  wort  is  subjected.  The  following  are  the  temperatures  at  which  fer- 
mentation most  readily  sets  in,  depending  upon  tiio  temperature  of  the  locality  and 
upon  the  kind  of  fermentation: — 

Temperatare  of  the  wort. 


Temperature  of  the  locality 

where  the  fermentation 

takes  place. 

In  sedimentary 
fermentation. 

In  superficial 
fermentation. 

6°  to    70 

J20 

15° 

70  to    80 

11° 

140 

80  to    90 

icfi 

13^ 

90  to  iqo 

90 

1 20 

XCP  to  12° 

70  to  80 

I20to  Iio 

The  concentration  of  the  boiled  and  hopped  wort  is  expressed  in  degrees  percent 
of  the  saccharometer. 
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Sedimentary 
Method. 

4370 

7-610 

Infnaioi 

5-260 
6-680 

0-950 

1*052 

11-980 

12 -930 

0-700 

1  051 

11-940 

15-640 

According  to  J.  Gschwyindler's  rosearchea  (1868),  tlio  undormentionod  Bavaria 
beer  worts  had  tbo  foUowing  composition  : — 

Beoootlon.         Bock. 

t8ttgftr 4*650  7^^oo 

Doxtrmo       6-240  8*600 

Nitix)genou3  substances      .,      .,  0-790  i"35o 

Other  constituGiita 0-410  o'63o 

Specific  weight i-050  1'073 

Extract  (direct  estimation)..      .*  11*870  17*050 

„         (according  to  Bulling)  ..  12290  17-680 

While  tho  wort  nemaiiis  in  tho  cooler  a  yellow-grrey  or  brown  eodiment  is 
deposited,  consisting  of  a  compound  of  coagulated  albumen  with  the  taunie  add  of 
the  hops,  and  some  starch  similarly  combined,  Tbis  sediment  during  the  first 
cooling  is  formed  in  quantities  varying  between  3  to  4  per  cunt  of  tke  quantity  of 
the  cooled  wort ;  tho  sediment  when  washed  and  dried  amounts  to  0*5  per  cent,  of 
the  quantity  of  malt  employed. 

•n«f  fternratBtkim.  HI.  The  FtrmenUitwn  of  the  Beer  Wort. — The  wort  when  cool  is  nui' 
into  tho  fermenting  tanks,  whero  fermentation  sets  in  either  spontaneously,  or  La 
induced  by  the  addition  of  yeast.  TIte  first  kind— spontoueous  fermentation— sots  in 
IIS  soon  as  tbo  woit,  having  been  cooled  down  to  tbo  tomperatui-e  most  suitable  for 
f*n'mentation,  h  left  to  it^^lf,  and  tbis  fermentation  is  induced  by  the  sponiles  of 
yea«it  (ferment  cells)  always  prc^s^ent  in  all  fermenting  loc^ilitieH,  which  meeting  with 
tho  wort,  find  in  that  liquid  tho  proper  conditions  suited  for  their  growth.  Tbis  kind 
of  spontaneous  fermentation  is  applicnl  usefully  in  the  brewing  of  the  Belgian  beer» 
known  as  Karo  and  Latnbick,  which  are  rich  iii  lactic  acid.  Usually,  howovor, 
yeast  is  addcil  to  the  wort,  and  there  is  avoided  tho  dangerous  first  stag«  of 
spontaneous  ft*rment4itit»n,  for  by  the  addition  of  tho  yeast  a  regular  and  rapid 
fermentation  \i  set  tip,  but  yet  «o  regulated  that  tho  yeast  only  gradually  converts 
the  dexb'ose  into  alcohol  and  carbonic  acid.* 

The  high«^r  the  temperature  of  tbo  wort  »ind  of  the  locality  tho  smaller  the  quantity 
of  yctost  required.  A  yeant  ibrme<l  by  a  violent  fermentation  and  at  a  high  tempera- 
ture, has  more  active  qualities  than  yeast  formed  at  a  lower  temperature  and  by  u 
longer  fennentation.  Tho  first  spreads  itself  rapidly  over  the  surface  of  the  fluid, 
and  ia  termed  tuptrjidnl  yeast  {oherhe/e):  while  the  second  sinks  to  the  bottom  of  tho 
vessel,  and  Uiuro  continues  its  action;  this  is  termed — ^edimejitary,  or  hottvm  yeai?t 
{wUrrhe/t).  Tho  fenncntatione  resulting  from  these  two  yeasts  are  resi?ectively 
termed  superficial  fermentation  (obergUhruny),  and  sedimentary  fermentation  {unter- 
ffMruitg),  The  latter  fermentation  is  induced  in  worts  that  are  intendt^d  to  yield 
beers  of  groat  durability,  such  as  the  Bavarian  beers.  The  superficial  formentatioa 
is  induced  in  such  beers  as  are  intended  to  be  soon  drunk.  Where  fermentation 
is  induced  in  a  wort  at  a  low  ti^mjveratui-e  sind  with  de[>osit  only  (bottom -yeast)  tha 
so-called  surface  fermentation-  that  is  io  say,  a  vinous  fennentatioa  wheroby  yeast 

*  T\ic  rci^ults  of  tha  rosoarchea  made  by  Voti  Lcrmer  and  Liebtg  (1870),  are  of  great 
LfiipoHanci^  fur  a  ratiotiAl  bmas  of  the  brewer's  buAuiess.  According  to  the«6  t0f0»f*^  nxi 
addition  of  sugar  to  a  fw>lution  of  deactrine.  to  which  previously  bevr-yeaat  boa  been  nddcd. 
cauftcn  11  largo  i|uaTitity  of  the  dcxtrlnp  to  he  ootivened  iJito  alcohol  otid  carbonic  acid,  iuat 
as  H  the  dexUine  w«-it>  '.afnT. 
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18  carried  to  the  surface  of  the  fermenting  fluid — is  employed  chiefly  for  such 
kinds  of  worts  as  are  intended  to  produce  a  beer  which  is  not  required  to  be 
kept  for  any  length  of  time,  but  rapidly  consumed  after  having  been  brewed.  The 
wort  is  in  this  instance  generally  rich  in  sugar  (glucose) ;  and  while  only  a  portion 
of  this  sugar  is  converted  into  alcohol  (sweet  beer  being  formed),  the  formation 
of  a  small  quantity  of  alcohol  (the  wort  being  only  lightly  hopped),  contributes 
largely  to  the  preservation  of  this  kind  of  beer.  Surface  fermentation  is  also 
induced  in  such  kinds  of  worts  as  are  either  very  concentrated  or  contain  sub- 
stances which  to  some  extent  retard,  or  might  even  altogether  impede,  fermentation ; 
as,  for  instance,  the  empyroumatic  substances  present  in  a  very  highly  roasted  malt 
or  a  large  quantity  of  hops,  these  conditions  obtaining  in  the  browing  of  porter, 
stout,  and,  as  regards  hops,  the  bitter  ale.  Worts  of  this  description  come  com* 
paratively  very  difficultly  into  fermentation.  Fermentation,  no  matter  whether 
surface  or  sedimentary  (the  yeast  is  in  thi3  case  slowly  deposited  as  a  sediment  on 
the  bottom  of  the  vessel),  exhibits  the  thr^e  following  phases,  viz.  : — 

1.  The  chief  fermentation,  beginning  soon  after  the  addition  of  the  yeast, 
characterised  by  the  decomposition  of  glucose,  by  the  formation  of  new  yeast,  and 
by  an  increase  of  temperature. 

2.  The  after-fermentation,  during  "^hich  decomposition  of  glucose  continues 
slowly,  while  the  formation  of  new  yeust  cells  does  not  ensue  so  energetically  as 
in  the  first  phase,  the  suspended  particles  of  yeast  settling  down,  and  the  beer 
becoming  clear. 

3.  The  quiet  or  imperceptible  fermentation  taking  place  when  the  after- fermenta- 
tion is  finished  is  characterised  by  a  further  decomposition  of  glucose,  while  the 
formation  of  yeast  is  not  perceptible  to  any  extent. 

swUsnentarjPennentaUon.  Sedimentary  fermentation  is  employed  in  the  brewing  of  the 
Bavarian  schenk  and  lager  beers,  taking  place  in  large  fermentation  vats  con- 
taining 1000  to  2000  litres  of  wort.  Eecently,  upon  the  suggestion  of  G.  Sedlmayer, 
these  vessels  have  been  constructed  of  glass.  The  addition  of  yeast  may  be  efiected 
in  two  difierent  ways  :  yeast  may  be  either  added  to  the  wort,  or  a  small  portion  of 
the  wort  is  first  separately  brought  into  a  state  of  fermentation,  and  next  added  to 
the  bulk  of  the  liquid.  In  the  first  case,  dry  y easting y  as  it  is  termed,  the  yeast  is 
placed  in  a  small  tub  and  wort  poured  over  it,  and  these  substances  having  been  well 
mixed,  the  whole  of  the  contents  of  the  vessel  are  thrown  into  the  fermentation  vats, 
and  there  worked  about  by  the  aid  of  a  stirring  pole.  According  to  the  second 
method,  wet  yea^timj  or  yeaat  carrying ^  to  1000  maas*  of  wort,  6  to  8  maas  of  yeast 
are  added  and  well  mixed  with  about  3  eimers  of  wort,  the  mixture  being  allowed 
to  stand  for  four  to  five  hours.  After  fermentation  has  set  in,  the  feiTnenting  liquid 
is  mixed  with  the  wort  in  the  fermentation  tank.  The  yeast  intended  to  be  used 
for  this  purpose  should  be  obtained  from  a  former  and  normal  fermentation ;  it  should 
not  be  too  old,  and  should  possess  a  pure  odour  (not  be  foul),  thick  consistency,  and 
be  frothy. 

After  the  wort  has  been  mixed  with  the  yeast  the  following  phenomena  are  exhibited : — 
After  ten  to  twelve  hours  the  decomposition  of  the  dextrose  becomes  apparent  by  the 
evolution  of  bubbles  of  carbonic  acid  gaft,  which  forms  a  "UTcath  of  white  froth  at  the 
edge  of  the  vessel.  In  another  twelve  hours  larger  quantities  of  a  more  consistent  froth 
ore  formed,  causing  the  surface  of  the  liquid  to  exhibit  a  very  peculiar  apx)earance,  which 

*  The  Bavarian  maas  is  equivalent  to  1*25  English  quarts. 
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might  bo  oompar^  to  that  of  irro^ralar  m&sscs  of  broken  up  roclis ;  at  the  fiame 
more  vivid  evolution  of  carbonic  acid  takea  place  and  becomes  perceptible  by  the  ( 
The  German  term  for  tliis  phase  of  the  fennimtation,  1>q»  liitr  Sttht  im  Kramcn^  cao ' 
hardly  be  expressed  in  En^dinh,  but  the  moftninff  ia  the  fennentation  is  in  full  force ;  tbe»e 
pheuomeDA  to  continue  with  a  regularly  proceeding  fonnentation  in  full  a<5tivity  for  frcjm 
two  to  four  days,  and  then  grodtmUy  nubidde,  there  remoimng  un  the  surface  of  the  liquid 
a  somewhat  brown-coloured  film  of  froth,  much  contracted,  and  chiefly  consisting  of  the 
resinooa  and  oily  constituents  of  hopa. 

The  yeast  formed  is  only  to  a  very  snittll  extent  present  on  the  aurfa^e  of  the  liquid, 
B9  in  the  case  of  sedinientnry  ferment  tit  ion  the  crtrbonio  acid  evolved  cannot  cony  t" 
isolated  yeast  c<*ll^  to  tho  sui'fm.'e.     The  tempemturo  of  the  fermenting'  liquid  incw 
%%  the  beginning*  of    the  fermentation*    bo   thfit   tho   liquid    becaraea   »evoral    deg 
warmer  than  th*?  air  of   the   locality  where  the  fermenting  vats    are  placed.    By  th 
fennentakion  the  wort  loacs  tho  great^T  portion  of  itji  dcxtn>8e,  about  half  of  which  is] 
evolved  in  tho  duipe  of  carbonic  tteid,  while  the  n.-mainder  is  converted  into  alcohol  • 
further,  a  portion  of   th©  albummous  Bubsfcances   dis2Solvc<l  in  the  wort  in  rendered 
insoluble  and  depodted  in  the  shape  of  yeast    On  being  tested  with  the  sacoharometev  i 
the   liquid— for  rea.HfHLs  juiit  explained — exhibita   after  feniienf^^tion   a  leas  degree  cCl 
fitreng^  than  beft»re,     Tlie  difference  iu  percentage  shown  by  the  faccharoroeter  beforwT 
and  after  fermentation  is  in  direct  proportion    to  the  quantity  of  dextrose  decompoeed^ 
and  provides  a  means  of  ascertaining  the  course  of  tlio  progress  of  the  fermentation. 
If  this  diifcrcnco  bo  made  the  numerator  of  a  fraction,  the  denominator  of  which  is  tiie 
percentage  indicatetl  by  tho  saccharometer  before  fermentation^  the  value  of  the  fraction 
will  increase  proportionately  with  the  compleienesa  or  efficacy  of  tho  fermentation ;  if, 
for  ixkita&oe,  a  wort  before  fermentation  murks  a  saocharometiioal  percentage  of  11-5, 
and  aftcTwarda  givea  5  per  cent. ;  the  difference  6*5  divided  by  11-5  givea  tho  coefficient 
0-565,  that  in,  of  1  Ex>part£  of  malt  extract  56-5  per  cent,  are  decomposed  during  fermentation. 

'"^'i  S^cSS*^"'  After  the  chief  fermentation  is  completed,  whieh  for  summer  or  lager 
beer  requires  nino  to  ten  days,  and  for  winter  or  scbenk  beer  Beven  to  eight  days,  the 
young  or  grttn  beer  is  put  into  barrels,  after  Laving  become  quito  clear  by  the  sepa*i 
ration  of  tho  jreast.  Be  fore  the  beer  is  Tatted  the  scum  present  on  its  surface  ic 
removed.  Tho  yeaftt,  settling  to  tho  bottom  of  the  vat  in  irbich  the  fermentation  took 
place  consists  of  three  layers,  the  middle  being  the  beat  yeast;  tho  lowest,  docomposetl 
yeast  and  foreign  matter,  is  mixtnl  with  the  yeast  of  tho  upper  layer,  and  if  not  other- 
wise saleable  is  sometimes  employed  in  the  distilleries  of  malt  spirits.  The  middlo 
layer  eerves  for  further  fermenting  operations.  In  breweries  where  pure  water  (the 
reader  should  bear  in  mind  that  Bavaria  is  alluded  to)  is  not  to  be  had,  this  yeoatii 
occasionally  obtained  fresh  from  other  breweries.  It  is  osual  to  fill  casks  or  Tafe 
with  winter  beer  at  once  quite  full ;  but  as  regards  summer  beer  several  br 
are  mixed  in  smaller  vats  in  onler  to  obtiiin  an  unifonrjly  coloured  mixture.  Thfl 
bfurelB  ore  usually  coateil  with  pitch  on  tho  inside^  the  aim  being  to  prevent  thol 
soaking  into  the  wood,  and  thus  gi^^ng  rise  when  tho  cask  is  emptied  to  the  formft-"^ 
tion  of  acetic  acid.  For  tho  after- foniientation  tho  beer  is  placed  in  stone  cellars, 
which  should  be  as  cold  as  possible,  so  as  to  cause  tho  after-fermontatioii  to  j 
as  slowly  as  poesible,  and  thus  admit  of  the  beer  being  kept  until  tho  brewing  sea 
opens. 

In  aU  parts  of  Germany,  but  mostly  so  in  Bavai*ia»  groat  attention  is  paid  to  tii€ 
construction  of  the  ceUars :  often  these  cellars  are  excarated  in  rocks,  and  some 
times  ice -pits  are  placed  in  tho  cellars  to  keep  them  Tory  cool.  The  aftcr-fermentii- 
tiou  of  tho  boor  sets  in  when  it  is  Tatted,  the  moment  of  tlie  beginning  of  this 
process  parti j*  depeiidmg  upon  tlie  condition  of  the  beer  when  vattod  and  partly  upon 
the  tomperature  of  cellar.  The  after- fermentation,  which  becomes  apparent  by  the 
appearance  of  a  bright  white-coloured  foam  at  the  Imng-holo,  may  set  in  imine^J 
diately  aftcir  the  vatting  of  the  boor,  or  may  only  become  apparent  some  eight  day 
after.    Should  the  l>ecr  hap|wn  not  to  oxhibit  any  sign  of  incipient  aftei-fermeo- 
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tation,  groen,  young,  or  new  beer  is  added  for  the  purpose  of  inducing  tliis  process. 
When  the  after- fermentation  is  finished,  the  bungs  of  the  casks  or  tuns  are  not 
tightly  fastened,  and  the  beer  is  left  in  this  condition  (in  the  cellars  of  course) 
during  the  summer  months.  About  a  fortnight  before  the  beer  in  the  casks  is 
intended  to  be  tapped,  the  bungs  are  tightly  closed  in  order  to  cause  as  much  car- 
bonic acid  to  accumulate  in  the  fluid  as  will  occasion  the  beer  to  foam  on  being 
tapped ;  but  if  beer  happens  to  be  vatted  in  very  green  condition,  the  bung-hole 
should  not  remain  closed  for  so  long  a  period,  because  then  so  violent  a  fermenta- 
tion may  set  in  that,  on  tapping  the  cask,  its  contents  become  too  much  agitated, 
and  thereby  a  very  turbid  (full  of  yeast)  beer  is  served  to  the  customers.  Some- 
times the  addition  of  liqueur  (a  solution  of  white  sugar)  is  resorted  to  for  the 
purpose  of  setting  up  a  strong  fermentation  in  very  old  beer.  According  to 
J.  (Jschwandler  (1868)  beer  obtained  by  the  i)rocesses  alluded  to  has  the  following 
composition : — 

Sedimentary 
Decoction.         Bock.  Method.       Infusion. 

Alcohol              2*8io  3-380  2*940  3*130 

Sugar 1*580  2*320  1*460  1*330 

Dextrine 4*610  6*910  4*770  4*800 

Nitrogenous  substances  . .      . .  0*380  0*740              —  — 

Other  constituents 0*380  0*400  0*890  0*550 

Sp.  gr.  of  solution  of  extract . .  1*022  1*042  1*028  1*026 

Extract  (direct  estimation)     ..  6*570  9*980  6*230  6*130 

,,        (according  to  Balling)  6*950  10*380  7*120  6'68o 

8urfac«  r^nnentation.  Surfacc  fermentation  is  that  induced  in  the  worts  intended  for 
the  brewing  of  the  bottled  beers  of  North  Germany,  Bohemia,  Alsace,  England,  and 
Belgium.  Beer  obtained  by  this  process  of  fermentation  is  not  so  lasting  as  that 
prepared  by  the  sedimentary  fermentation  process.  This  difference  is  due  to  the 
fact  that  the  surface  fermentation  goes  on  at  a  higher  temperature,  proceeds  more 
rapidly,  while  the  elimination  of  the  nitrogenous  compounds  is  also  less  complete. 
The  reason  why  this  process  is  preferred  to  the  sedimentary  fermentation  process  is 
that  brewing,  by  .the  application  of  the  last  process,  is  so  greatly  dependent  upon  a 
low  temperature  that  this  mode  of  brewing  cannot  be  continued  throughout  the 
whole  year ;  while  as  regards  the  other  process  it  may  be  continuously  carried  on, 
and  the  stock  of  beer  kept  ready  for  use  can  thus  be  considerably  decreased.  Sur- 
face fermentation,  however,  is  the  only  plan  for  preparing  briskly  foaming  and 
strong  beers.  Porter,  stout,  and  ale  could  be  brewed  as  well  by  the  sedimentary 
method — although  in  the  English  climate  this  process  would  be  more  difficult  to 
conduct  successfully — but  the  main  reason  why  the  sui'face  fermentation  is  em- 
ployed for  English  malt  liquors  is  that  this  method — by  a  great  saving  of  time — is 
cheaper.  The  phenomena  of  the  surface  fermentation  are  similar  to  those  of  the 
sedimentary,  with  the  exception  that  the  process  is  by  far  more  violent,  the  froth 
surging  more  to  the  surface  of  the  wort.  The  yeast  is  employed  in  the  same 
manner.  An  ingenious  contrivance  is  adopted  in  the  London  breweries  for  the 
purpose  of  carrying  off  the  yeast  from  the  beer  after  it  has  undergone  the  process  of 
fermentation.  The  wort  is  placed  in  large  hogsheads,  or  rounds^  the  tops  of  which 
are  fitted  with  wooden  troughs.  Into  these  troughs  the  yeast  runs  as  it  rises,  and 
ie  carried  away.  The  beer  now  becomes  clear,  and  is  jiumped  into  the  stone  vats. 
28 
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stcAm  fiicwtdf.       The  extensive  appli*:^tioii  of  steam  to  the  mftnufnctim!  of  bect-rtx)t  sugjjr 
and  ulcolioUc  Bpirita  has  given  rise  to  many  snggostions  for  tlio  substitntion  of  heating-  by 
st^um  for  direct  firing  in  brewing.     The  heating  is  effected  by  a  system  of  tubes  siiuili  V 
to  that  described  in  the  pi^paration  of  beet-root  sugar  (fleo  p.  377) .     In  brewing,  Imw^ 
ever,  though  mnch  would  be  gained  by  uniformly  heating  the  wort*',  and  by  redui'ini^  thai 
dinncea  of  bumingr,  thiTO  would  not  ensue  any  great  eeouomiyiug  uf  fuel ;  but  mtulll 
labour  might  be  saved.     Steam  could  not  be  employed  directly  without  a  »eriea  of  tubefi^  i 
KA  the  condensation  would  cause  a  grent  dilution  of  the  majsli. 

cjiwticyenttof  uecr.  Th<i  constltuenta  of  a  normal  b<ier  prepared  fiom  malt  and  hops 
(not  from  substitutes)  nro :— xUcobol,  carbonic  acid,  undecompoaed  dextrose,  dex- 
trine, oonstitiients  of  the  liops  (oil  and  bitter  substance,  no  tannic  acid),  protein 
fiiibatane€8,  a  small  quantity  of  fat,  some  glycerine,  and  the  inorganic  matter  uf 
the  barley  and  bops.  The  acid  reaction  which  a  normal  beer  exhibits  after  the 
carbonic  acid  has  been  exjielled  from  it  by  boiling  is  duo  to  succinic  and  lactic  acids, 
with  traces  of  acetic  acid,  and  perhai>8  propionic  acid.  The  suin  of  all  the  consti- 
tueaU  of  a  beer  after  the  abstraction  of  the  water  is  termed  the  total  contents ;  the 
«um  of  the  non*Tolatilo  constituents,  the  extractive  contents.  Beer  rich  in  malt 
extract  is  termed  rich,  fat,  or  full-bcj<iieil  beer ;  and  that  which  is  poor  in  extract, 
but  contains  much  alcohol,  the  wort  having  been  rich  in  sagar  which  has  all  been 
cjouTCrtod,  is  termed  a  dry  beer. 

The  projiortion  of  alcohol  in  beer  can  bo  estimated  by  distillation  and  the  testing 
-of  the  distillato  with  an  alcoholometer,  or  by  means  of  an  ebullioscope,  or  with 
the  help  of  a  vaporimeter  (see  Wine-testing,  p.  394).     The  following  table  showa- 
the  average  weight  per  cont.  of  the  alcoholic  contents  of  several  beers : — 

Per  cent, 

Wirtzburg  lager  beer  (1S70)        , . 4  0—4*3 

*  *    ,,         schenk  beer ..         5*3 — 4*2 

Stuttgartlt  lager  beer  (1865) ..  4*1 

Culmbach  lager  beer  (1865) . ,  4'5 

Coburg  lager  beer     .      . ,     4'4 

Munich  lager  beer ,      _      ,,         4-3 — ^5*1 

„       schenk  beer      .,     ..        3*8 — ^4*0 

Bock  (Munich,  1870) ,     , ,     . .     . .        4*5— 4*8 

Porter  (Barclay,  Perkins,  and  Co.,  London,  1862)        5 '5 — j'o 

Strosburg  beer  (1870)    . ,     , .      _     , 4'2i 

Vienna  beer  (1870) 4-1 

Ei(je  beer  of  the  *'  Ithenish  Brewery"  in  Mentz  3-0 

The  quantity  of  carbonic  acid  in  beer  varies  between  ox  to  02  per  cen^ 
According  to  C.  Pmndtl  (1868)  dextrose  is  immd  in  beer  in  quantities  varying  fi-oa 
02  to  i'9  per  cent,  The  quantity  of  dextrine,  according  to  Gschwandler^s  analys 
varies  from  4*6  Ui  48  per  cent.  The  proportion  of  sugar  to  dextrine  is  never" 
constimt.  The  occun'once  of  protein  substances  in  beer  has  not  been  sufficiently 
investigated  to  warrant  an  exact  conclusion*  It  may  bo  stiid  that  on  an  averagi» 
malt  extract  contains  7  per  cent,  protein  substiiuces,  from  which  Mulder  deduces  that 
I  litre  of  beer  should  contain  5*6  per  cent,  albuminous  substances.  A,  Vogcd  (1859) 
found  that  i  Bavarian  mass  (  ==  i  '069  litres)  of  beer  on  an  average  contnine 
I  to  I "2  grms,  nitrogen;  and  Peichtinger  (1864)  obtained  ^m  1  Bavarian 
of  aeveral  Munich  beers  between  0-467  and  1*248  grms.  nitrogen,  Succinic  acidi" 
aoetic  acid»  and  lactic  acid  occtir  in  Belgian  and  Saxony  beers  in  large  quantities). 
Taiinio  add  occurs  in  Bavarian  beers  only  in  small  quantity.      The  inorganic 
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constituents  of  beer  have  received  great  attention.  Martins  obtained  from  1000  parts 
of  Bavarian  lager  beer  2*8  to  3 '16  parts  ash,  containing  one- third  potash,  one-third 
phosphoric  acid,  and  one-third  magnesia,  lime,  and  silica.  J.  Gschwandler  and 
C  Prandtl  (1868)  found  an  average  extractive  contents  in  100  parts  of — 

Parts. 

Schenk  beer  (Munich) 5*5 — 6*o 

Lager  beer  (Munich)      6*i 

Schenk  beer  (Wirtzburg        46 

Lager  beer  (Wirtzburg) 4*4 

Bock  (Munich)        8*6— 9-8 

Salvator  (Munich) g-o — 9*4 

Rhenish  rice  beer 7*3 

Porter  (Barclay,  Perkins,  and  Co.,  London)     . .         5-6 — 6*9 

Scotch  (Edinburgh)       lo-o — n-o 

Burton  ale      14*0— 19-29 

100  parts  of  extractive  matter  contain,  according  to  A.  Vogel  (1865)  3*2  to  35  parts 
of  ash ;  100  parts  of  ash  contain  28  to  30  parts  phosphoric  acid,  i  litre  of  beer 
contains  0*57  to  0*93  gnn.  of  phosphoric  acid. 

Lermer  (i866)  subjected  several  Munich  beers  to  analysis  with  the  following 
results : — 

I. 

Sp.gr 1*02467 

I)erct. 
Extractive  matter  773 
Alcohol  . .  . .  5 '08 
Liorganic  constituents  0*28 
Nitrogen : — 

In  100  parts  extract  11*15 

,,  100    „    beer        0*87 

I.  Bock  beer.  2.  Summer  boer.  3.  White  beer.  4.  White  Bock  beer  (superficially 
fermented,  obtained  by  surfaco  fermentation  frpm  malted  wheat).  5.  Another  sample  of 
Bock  beer.    6.  Salvator  beer.     7.  Winter  beer. 

The  analysis  of  the  ash  of  five  of  these  beers  gave : — 

I.  2.  3.  4.  5. 

Potash 29-31  33-25  24-88  34-68  29-32 

Soda      1*97  0-45  20'23  4*19  o-ii 

Chloride  of  sodium     ..  4-61  6-00  6-56  5*06  6*oo 

Lime     2*34  2-98  2-58  3-14  6-21 

Magnesia       11*87  ^'43  0*34  7-77  7*75 

Oxide  of  iron        ..     ..  1*01  o-ii  0*47  0-52  0*84 

Phosphoric  acid  . .      . .  34*18  32*05  26-57  29-85  29-28 

Sulphuric  acid     ..      ..  1*29  2*71  6*05  5*16  4*84 

Silicic  acid 12*43  i^'i2  7-70  2-86  8-oi 

Sand      0*83  0-67  2-30  5*20  6*27 

Carbon 0-49  o-8i  0-40  0*65  0*28 

100*33       101*47        98*03        99*08        98*91 


2. 

3. 

4. 

5. 

6. 

7- 

1*0141 

1*01288 

1*0200 

1*02678 

1-03327 

1*0170 

perct. 

perct. 

perct. 

per  ct. 

per  ct. 

per  ct. 

4*93 

4'37 

4*55 

8-50 

9-63 

5*92 

3*88 

3'5i 

4*41 

5*23 

4*49 

3'oo 

0-23 

0*15 

0*18 

— 

— 

— 

8-71 

12*19 

8-85 



6*99 



0-43 

0-53 

039 

— 

0-67 

— 
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Tko  hi^h  importance  of  beer,  both  as  regards  its  value  aa  nutriment  aa  well  a»  rejrards 
the  pnonnouB  trade  ilone  in  this  article,  has  given  rijae  to  attempts  to  iind  proper  aud 
Buituble  moans  for  testing  that  liquid  in  respeot  of  it«  quulity  and  purity. 

BecT-TwUnR.  Tho  experiments  proposed  for  ascertaining^  thu  strength  as  well  oa 
f roedom  from  adiiltoration  of  beer,  iq  termed  beer-t<3sting ;  it  is  desirable  that  tliedo 
oporations  abotdd  be  easily  executed  and  yield  suliieiently  roliablo  results.  The 
strength  of  a  boor  is  judged  a^'cordiiig  to  the  quantity  of  alcohol,  ©xtiuct,  and  car- 
bonic acid  it  contjiins ;  it  is  evident^  however,  that  an  intmiate  knowledge  of  the 
real  constituents  of  the  extract,  viz,,  the  therein  contained  quantities  of  dextrmot 
hop  constituents,  the  by-products  of  alcoholic  fermentation,  euch  as,  for  in&tiinc«t 
succinic  acid  and  glycerino,  not  to  mention  such  substances  as,  for  instance, 
glucose  and  glycerine  jnirjiosely  added  to  the  wort,  as  substitutes  ibr  malt,  largely 
miiuenco  the  quality  of  any  kind  of  beer,  and  therofpre  ought  to  bo  determined 
when  any  rigorously  exact  analysis  of  that  liquid  is  wanted* 

Beer-testing  is  eflected  partly  by  ascertaining  certain  physical  qualities  of  the 
beer,  partly  by  chemical  means.  To  the  former  belong  it^  flavour,  odour,  colour*^ 
conaisteucy,  transparoDcy,  specific  gravity,  refractive  power  to  light,  &c.  By 
chomical  analy.sis  wo  ascertain  and  determine  the  imm^i.iato  constituents,  via£., 
carbonic  acid,  alcohol,  extractives,  and  water.  The  carbonic  acid  contained  in  the 
beer  is  first  eliminated  cither  by  repeatedly  pouring  a  quantity  of  beer  from  ono 
tumbler  or  beakcr-glass  into  another,  care  being  taken  to  let  the  beer  fall  Ironi 
some  heigbt,  or  the  carbonic  acid  is  removed  by  shaking  tlie  liquid  up  in  a  Kittle  and 
pouring  it  out  of  the  same  and  into  it  again.  The  gas  hn^nng  been  driven  off,  the 
specific  gravity  of  the  beer  is  taken  by  means  of  the  hydrometer  or  saccharomoter ; 
the  beer  is  next  boiled  down  to  hull*  its  original  bulk  ;  next  there  is  added  to  it 
it  as  much  water  (best  dijstilied)  as  is  required  to  restore  thu  liquid  to'  its  original 
bulk,  and  of  this  liquid  th*i  specific  gravity  is  again  dotintiiined  ;  this  will  be  fiTund 
greater  than  that  previously  obtained.  The  difference  between  the  two  determina- 
tions gives  the  amount  of  alcobol  contained  in  the  beer. 

^'**^**b5JJ3S?"*'**'**  Since  by  fermentation  loo  parts  of  malt  extract  yield  5a  parte 
alcohol,  twice  the  cjiiantity  of  alcohol  found  will  indicate  the  quantity  of  malt  ex- 
tract necessary  for  its  Ibrmntion^  This  quantity  of  malt  extract  added  to  that  »till 
exi^ting  in  the  beer  indicates  the  whole  of  the  malt  extract  existing  in  the  wort 
befoi'c  fenueutation, 

Tho  specific  gravity  of  the  beer- wort  becomes  lower  by  fermentation,  paiily 
because  the  si>ccificJiLLy  lighter  alcohol  is  formed,  partly  by  tho  loss  of  some  of  tho 
extiiictive  matter,  and  partly  also  by  the  loss  of  tke  substances  taken  up  in  tho  yeast. 
This  decrease  of  the  ei>ecific  gravity,  OTfiUmutAiQu,  as  it  is  tcmietl,  can  be  estimated 
either  directly  by  weighing,  or  by  means  i«f  the  sacrhanmietor.  Tli«:>  degit*e  marked 
by  the  saccharometer  in  a  beer  fro*.*<l  from  carbonic  u-id  we  will  call  m  ;  the  malt- 
extract  of  tho  wort,  p,  Subtracting  m  from  p,  the  ddreronce  (p  — r?i)  gives  tho 
appftrntt  alteuuatwn,  which  is  tho  greater  the  mt  ro  thorough  tho  fermentatiou. 
The  quantity  of  alcohol  in  a  hiyjv  varies  in  direct  proportion  with  tho  apparent 
ftltenuation.  The  empirical  alc«ibi>l  factor,  a,  by  which  the  apjjarent  attenuation 
must  b©  multiplied  to  obtain  tho  alcoholic  contents  of  tho  beer  :=  A  in  weight  per 

•  Very  recently.  C.  Levser  has  invented  a  colorimeter  with  which,  by  niciins  of  ft 
normal  tiolution  of  iodiiio  (12  7  grms,  iodine  to  a  litre)  after  having  brought  tho  hcen  tc 
an  eoual  colouration  with  water,  he  odtimatea  th<»  rehitivcp  degree  of  tho  original  colour, 
Tho  mvention  is  iuily  dcttcribed  in  the  •*  Jolirceberichte  der  Chem.  TcchnologiQ''  for  1S69 
p.  467 
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3ent.  [(p  —  m)  a  =  A]  becomes  the  greater,  the  higher  the  original  degree  of  concen- 
tration of  the  wort.  For  worts  between  6  to  30  per  cent,  of  extractive  matter,  this 
factor  yaries  from  0*4079  to  0*4588.  The  alcohol  factor  can  be  found  by  the  follow- 
ing equation,  when  the  apparent  attenuation  [p  —  m)  and  the  alcoholic  contents  of 

the  prepared  wort  (A)  are  known;  then  a  z=:  I j.      "With  the  help  of  the 

alcohol  factor,  a,  the  alcoholic  contents  in  weight  per  cent,  can  be  calculated.  A 
quantity  of  beer  being  boiled  to  volatilise  the  alcohol,  and  the  residue  having  been 
diluted  with  water  to  the  original  bulk  or  weight,  if  a  weighed  quantity  were 
operated  with,  the  specific  gravity  gives  the  quantity  of  extractive  matter  contained 
in  the  beer,  which  Balling  terms  n.  The  dilforence  between  the  extractive  matter 
contained  in  the  wort  (p)  and  that  of  the  beer  (;?),  or  (p  —  n),  gives  the  actual 
attenuation,  which,  multiplied  by  the  alcohol  factor  for  the  actual  attenuation  (6), 
likewise  gives  the  quantity  of  alcohol  contained  in  the  beer  expressed  in  percentage 

by  weight.  The  alcohol  factor  for  the  actual  attenuation  is  6  =  ( J .  Sub- 
tracting from  the  apparent  attenuation  (p  —  m)  the  actual  (p  —  n),  the  dificrence  [d) 
in  the  attenuations  is  obtained : — 

rf  =  (p  —  m)  —  (p  —  n);  ord=m  —  n. 
d  is  known,  when  the  extractive  matter  contained  in  the  beer  (n)  and  the  saccharo- 
metrical  i)ercentage  (m)  of  the  beer  free  from  carbonic  acid  are  known ;  d  is  the  greater 
the  more  alcohol  the  beer  contains.  The  alcohol  factor  multiplied  by  the  difference 
in  attenuation  gives  the  percentage  (A)  of  alcohol,  from  which  the  alcohol  factor  for 
the  difference  in  attenuation  can  be  obtained  by  the  following  equation  : — 

A 


(p— w) 
It  averages  2 '24.    Finally,  with  the  help  of  c  the  difference  in  attenuation  of  the 
alcoholic  contontsof  a  beer  can  be  calculated  approximatively,  even  when  the  quantity 
of  extractive  matter  of  malt  contained  in  the  wort  is  not  known.    The  apparent 
divided  by  the  actual  attenuation  gives  a  quotient  (d),  which  is  the  ratio  of  the 

attenuations,  d=^     ^^*  and  can  be  calculated  with  the  help  of  the  alcohol  factor 
p  —  n 

for  the  apparent  attenuation  (a),  and  of  the  original  extractive  contents  of  the  wort 
(p).  First — (a)  is  obtained  by  the  division  of  the  alcohol  factor  for  the  actual 
attenuation  by  the  corresponding  attenuation  quotient  or  ratio.  Assuming  the 
alcohol  factor  for  the  difference  in  attenuation  to  bo  =  2*24,  and  next  doubling  the 
approximative  alcoholic  contents  thus  obtained,  we  arrive  at  the  quantity  of  the 
extractive  matter  of  the  wort  from  which  the  alcohol  was  formed.  Adding  to  this 
the  extract  yet  met  with  in  the  beer,  the  sum  thus  found  expresses  the  approximate 
percentage  of  the  extractive  contents  of  the  wort.  When  (p)  has  thus  been  approxi- 
mately obtained,  Balling's  tables  give  the  corresponding  attenuation  quotient  <y, 
reckoning  all  decimals  above  o'5  as  units,  and  neglecting  those  under  05.  If  only 
the  original  concentration  of  the  wort  (p)  is  to  be  calculated,  the  percentage  of  the 
alcohol  of  the  beer  may  be  obtained  from  the  equation  to  the  actual  attenuation 
A  =  (p — n)  b.  If  the  degree  after  fermentation  is  975  (or  16*29 — 6*54)»  the 
Baccharometrical  percentage  (see  p.  363) 

__    975   _ 

16*29 
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Fig.  232. 


'It 


r«eu*'» fliMr Te.»,     IlulUihtirital  Beer  Test — FucIim'j*  tost,  base^l  upon  tlio  prGsumptioii 
that  the  b^er  hxis  been  brewed  from  malt  and  hops  only,  st^irts  from  the  fiict 
that  100  parte  of  water,  indepeDdently  of  tc'inporatuve,  dissolve  36  parta  of  pure 
common  salt  (^2778 :  i),  and  that  a  £uid  dissolves  the  less  salt  tlio  greater  the 
quantity  of  alcohol  and  extraeti%"e  raatt^^r  it  eon  talus. 
It  is  therefore  pos^-rible  to  estimat^j  by  thia  means  the 
quantity  of  water  in  a  beer  by  detennining  the  quantit)^ 
of  common  salt  which  remains  undisdolred  :  this  is  don© 
by  means  of  the  halhmoter,  Fig.  232,  an  instrument  con» 
sisting  of  two  glass  tubos^  one  very  wid^  and  oup-shaped, 
the  other  naiTowor  and  attached  to  the  bottom  of  the 
former.     The  smaller  tube  is  so  graduated  that  the 
'  'i  ^M I  larger  divisions  coiTespond  to  a  quantity  of  5  grains  of 

,  III  \H  I  common  salt*  whilo  the  smaller  divisions  correspond  to 

1  grain  of  salt.  In  all  hallimetrical  experiments  it  is 
very  essential  that  the  pulverised  rommon  salt  be 
always  as  much  as  possible  of  the  siime  degree  of 
fineness,  while  care  has  also  to  bo  token  that  this  sub- 
stance be  redue<Kl  to  its  smallest  bulk  whea  put  inti 
the  tube  by  gentle  taps,  so  as  to  expel  air,  and  thuii 
cause  the  sjUt  to  occupy  exactly  the  spaca  intended 
for  it.  It  is  therefore  required  to  pass  the  pulverised 
salt  through  a  wire-gauze  sieve,  after  which  the  prtv 
pared  salt  is  kept  for  use  in  a  glass-stoppered  bottle. 
Iho  testing  requires  two  experimejits.  By  the  firaft  is  estimated  the  amount  of 
water  together  with  the  entii*o  quantity  of  carbonic  acid,  alcohol,  and  extroctivo 
matter  contained  in  the  sample ;  while  the  second  experiment  gives  the  quantity 
of  extractive  matter,  which  when  the  carbonic  acid  is  deducted  finom  the  tot^il 
contents,  yields  the  amount  of  alcohol  contained  in  the  beer.  The  alcohol  is 
not  anhydrous,  but  is  mixed  with  a  certain  quantity  of  water.  1000  grains  (62*5  grms, ) 
I  if  the  beer  to  be  tested  are  poured  into  a  flask  with  330  grains  (20-46  grms.)  of  the 
common  salt.  The  ilask,  lightly  closed  with  a  stopper  or  cork,  is  frequently 
agitated,  and  having  boon  placed  on  a  water-bath  is  heated  to  38^  Aft<?r  six  to  ten 
minutes  the  flajsk  is  removed  fix>m  the  water-bath,  the  carbonic  acid  being 
expelled  by  gently  blowing  into  the  flask,  which  is  next  weighed  ;  the  loss  of  weight 
indicates  the  quantity  of  carbonic  acid,  which  in  good  hour  averages  1*5  gmius. 
The  mouth  of  the  flask  ha\nng  been  closed  with  the  th\tmb  is  turned  upsido 
down  in  order  thereby  to  collect  any  non-dis3olve<l  salt  in  the  neck  of  the  fla^k, 
and  the  siilt  along  with  the  fluid  transferred  to  the  halUmeter,  the  nou-dis- 
» lived  salt  settling  down  in  the  graduated  tube,  this  movement  being  promoted 
b}'  gently  ahalting  the  instmrnent.  As  soon  a  a  the  volume  of  the  undissolved  salt 
ceases  to  increase,  the  number  of  grains  is  read  off  and  detluctcd  frfjui  330,  the? 
dilTerence  being  the  number  of  grains  dissolved  from  wliich  the  quantity  of  watc'r 
present  is  calculated. 

Example:  1000  gntins  (=62*5  grm«.)  uf  boer  diuolvo  330 —  18  =  312  gmizis  corauimi 
suit ;  therefore  theae  1 000  graiuB  of  bocr  contain  S66'6  gmins  of  water ;  for 


36  ;  100=; 


=  |66'6 


lono —  866*6  ^  I33'4  graiDs  indicate  the  total  qiuiuiity  of  carbonic  acid,  extractiTe  matter. 
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and  alcohol  present  in  the  beer.  If  the  contents  of  the  flask  by  heating:  have  lost  1-5 
grains  in  weight,  the  extractive  matter  and  alcohol  together  amount  to  131*9  grains. 
The  second  experiment  is  now  made  to  estimate  the  amount  of  extractive  matter.  For 
this  puipose  1000  grains  (62-5  grms.)  of  beer  are  weighed  off  and  poured  into  a  flask,  and 
boiled  (K)wn  to  hSf  the  quantity,  that  is,  500  grains.  Both  the  carbonic  acid  and  the 
alcohol  are  driven  off.  180  grains  of  common  salt  are  now  added,  and  the  experiment 
proceeded  with  as  before.  Supposing  180  —  20=  160  grains  of  common  salt  to  bo  dis- 
solved, there  will  have  remained  444*4  grains  of  water  ;  for 

18  :  50  =  160 :  X 
.  •  .  ' X  ==  4444, 

which  shows  the  quantity  of  the  extractive  matter  to  bo  55*6  grains.  If  the  preliminary' 
estimation  of  the  carbonic  acid  has  been  correct,  the  quantity  of  alcohol  contiuned  in  the 
beer  -will  be  76-3  grains,  for  133*4  —  55*6  — 1-5  =  76*3.  This  corresponds,  according  to  a 
table  published  with  each  instrument,  to  42*27  grains  of  absolute  alcohol.  Tlie  beer 
would,  therefore,  contain  in  1000  parts  : — 

Carbonic  acid 1*50 

Free  water        866*6o 

Combined  water      34'03 

Extractives      55"6o 

Alcohol     42*27 


The  hallimetrical  assay  of  beer  is  entirely  worthless  when  beer  is  made  with  the  addition 
of  glucose  or  glycerine, 
ny-prodncu  of  th«       Among  the  by-products  of  brewing  the  residue  of  the  mash  tuns  is 

Brewing  FroccM.  perhaps  the  most  important.  loo  parts  of  kiln-dried  malt  leave  on  an 
average  133  parte  of  residue,  which  being  dried  at  the  temperature  to  which  the  malt 
was  subjected  give  33  parts.  It  is  used  as  fodder  for  cattle  under  the  name  of  brewers' 
grains.  This  material  yet  contains,  in  addition  to  the  husks  and  cellulose  of  the  grain, 
undecomposed  fatty  matter  and  protein  substances,  upon  which  its  value  depends. 
Exhausted  mashed  grain  from  a  Munich  brcwerj'  used  to  i)rcparo  summer  beer  (by  the 
thick  mash  method)  had  the  following  composition :  — 

Wet  Grains.        ^\ir-dried.        Dried  at  100". 

Water..     ..    * ..     ..  7471  7'28  — 

Ash      106  387  4*iS 

Cellulose '  yo6  11*22  i2*io 

Fat      170  623  672 

Xitrogenous  nutritive  mattc-r..      ..  6*26  22*89  24*71 

Non-nitrogenous    nutritive  matter  1321  48*51  5229 

loo-oo  l(X>00  lOOOO 

The  rootlets  and  plumules  of  the  germinated  malt  present  in  the  proportion  of  about 
3  per  cent,  of  the  weight  of  the  dried  malt,  form  a  very  concentrated  and  rich  fodder. 
According  to  the  analyses  of  Scheven,  Way,  and  Lcrmer  (Hungarian  barley),  the 
following  is  the  composition  of  that  substance  : — 

Srhoven.  Way.  Lermer. 

Water 7*2                   37  10*72 

Ash 6*8                   5*1  6-91 

Cellulose 17*0  18*5  — 

Protein  substances        45*3  489  3240 

Non-nitrogenous  nutritive  matter        23*6  238  4977 

Tlie  sediment  of  the  cooling  tuna  (sec  p.  414),  part  of  which  is  usotl  as  fodder  and  part 
in  the  preparation  of  brandy,  amounts  to  about  3  per  cent,  of  the  wort.  The  after- 
washes  are  also  used  in  malt  spirit  making,  as  well  as  in  the  preparation  of  vinegar.  The 
thick  mash  processes  yield  an  after  wash  containing  from  4  to  8  por  cent,  extract^ 
while  by  the  infusion  methods  this  amoimte  only  to  2  to  3  per  cent.  Much  of  the  yeast 
formed  during  brewing  is  employed  in  bread-making,  as  well  as  in  the  manufacture  of 
vinegar  and  brandy 
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The  Preparation  or  Distiixatiox  of  SriBira 
AiMhoL  Sinco  alf'ohol  happens  to  bo  in  almost  all  coT,intncs  an  aiticlo  wHcli  in 
nearly  puro  state  (that  is  to  gay  moro  or  le,ss  dilutt^d  with  water)  is  a  fluid  ustd  as  an 
article  of  consumption*  and  therefore  very  properly  submittc^d  to  a  more  or  lo^Si 
heavy  duty  or  iniiH>st,  tlio  mode  of  manufacturing  alct>hol  on  the  largo  scalo^  aad 
the  raw  materials  from  which  it  is  obtained,  vary  in  different  countrios,  and  conse- 
quently those  conditions  very  greatly  Jnfluenco  the  industry  of  alcohol  production. 
>\Ticn  a  fluid  containing  alcohol  is  distilled,  alcohol  and  water  are  collected  in  the 
roc«ivor,  while  the  non-vohitilo  constituents  remain  in  the  retort  in  a  concentrated  , 
i-'onditiou.  The  act  of  distillation  of  an  alcoholic  fluid  is  termed  the  hnnmn^^  while  ^ 
the  product  of  tho  operation  is  designated  as  brandy,  a  fluid  which  contains  on  an 
tiverage  from  40  to  50  per  cent,  of  alcohoL  A  dic^tilhite  which  contains  more  alcohol 
than  the  quantity  just  aUiidod  to  is  designated  as  spirits  of  wiue,  or  simply 
spirit.  Originally,  that  is  to  say  when  spirits  (now  some  two  and  a  half 
ronturios  ago)  woro  first  commenced  to  bo  made  industrially  on  the  large  eimlo, 
it  was  only  made  for  tho  purpose  of  being  drunk,  and  the  liquor  prepare<l  la 
the  comparatively  dilute  stat^  in  which  it  is  olfcred  for  sale  for  consumption. 
More  recently  (within  tho  last  foiiy  or  fifty  years),  tho  use  of  alcohol  in  various 
branches  of  industry  (varnish -making,  ether  preparation,  perfumery,  preparation  of 
eordials,  liqueiirs,  &c.)  is  so  great,  that  as  a  rale  distillers  at  once  prejiaro  strong 
alcohol,  which,  if  re([uircMl  for  consumption  a^  a  bevemge,  is  suitably  diluted  lind 
fiwcetoncd  if  desired.  Since  tho  distillation  of  alcohol  hns  been  carried  on  on  tho 
large  e^il©  iiio  apparatus  have  been  very  greatly  improved;  and  those  now  in 
use  in  the  best  arranged  distilleries  are  constnictcd  upon  scientitic  principles,  while 
cnro  is  also  taken  that  tho  surveillanee  on  the  part  of  tho  excise  officers  is  rendei"^ 
an  easy  task,  and  fraud  almost  imposaible*  Tho  whole  art  of  the  production  of 
alcohol — its  ready  preparation  from  grain  {partly  malted),  from  beet- roots,  potatoes, 
refuse  of  saccharine  liquors  from  sugar  works,  the  proper  utilisation  <»f  theirsidue^ 
of  tho  distillatton,  either  as  food  for  cattle  or  otherwise— is  now  brought  to  adogn?o 
of  perfection  almost  ime<|ualled  in  any  other  branch  of  indiu^try . 

^'YtII»?SirprTw'5yc!^*'  '^^•^  formula  of  alc4>hol  (as  a  chemiailly  puro  substance)  ia 
CiHfiO,  or  ^*  t|  I  *^-  I^  ^  **  colourless,  thin,  \*^Ty  mobile  fluid  of  0792  sp*  gr., 
^>oilingat  yS'j'*,  while  water  boUs  under  the  same  atmospheric  [pressure  at  100*;  thus 
there  is  afforded  a  means  of  ascertaining  by  the  b<»ilmg-point  of  an  alcoholic  fltiid,  tho 
quantity  of  alcohol  contained.  Between  o'  and  78-3*  (itjs  boiling- iK)int),  alcohol 
expands  o'ogjG  of  it^  volume,  wliile  tho  coeflicient  of  expansion  of  Muter  betwecu 
the  samo  degrees  is  0*0278.  Tho  expansion  of  alcohol  is  thus  3  J  times  greater  than 
that  of  water  ;  and  this  fact  is  made  available  in  alcoholumetry.  The  tension  of  tho 
vapour  of  alcohol  at  78*3*  is  equal  to  an  atmosphere,  wiiilo  water  uiust  be  raised  to  a 
t4.»mperature  of  100'  to  obtain  tho  same  pressure*  Thus,  tho  variation  in  height  of  li 
columu  of  mercurj'  subjc^cted  to  the  pi'ossure  of  theeo  vapours  may  be  made  a  mcia- 
sttitj  of  the  quantity  of  alcohol  contained  in  a  fluid.  On  this  principle  iho  vapori- 
meter  (see  p,  395)  is  constructcHl,  Alcohol  is  readily  inflammable,  and  burns  with  u 
pale  blue  flame  without  giving  off  soot.    It«  heat  of  combustion  eorresponds  to  7183 

■  There*  is  no  equiTalent  term  for  this  word  ia  English  neither  also  in  tho  French  tan- 
kage ;   tho  real  meaning  is   " the  flring,"    in   Dutch   {prnnd^'u]  ;    the  term  Mrmnmwi\ 
^Gcrraan^aad  ArrtMf/rr;/ (Dutch),  meomni:  *♦  a  dif*tillerv%"  '  J 
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uiiits  of  boat.  It  eagerly  absorbs  water,  and  upon  this  property  is  based  its  use  lor 
the  preservation  of  articles  of  food,  cherries,  and  other  fruit,  and  also  anatomical 
preparations.  It  mixes  with  water  in  all  proportions,  whereby  a  decrease  of  bulk 
of  the  mixture  and  increase  of  specific  gravity  is  observed — 

53*9  volumes  of  alcohol,  with 

49-8  „  water,  form  a  mixture  not  of 

1037,  ^^^  ®^  ^^^  volumes. 

Alcohol  is  a  solvent  for  resins  (upon  which  property  is  based  its  application  to  the 
manufacture  of  varnishes,  cements,  and  pharmaceutical  preparations),  and  also  a 
solvent  of  many  essential  oils.  These  solutions  are  employed  either  as  perfumes,  such 
as  eau  de  Cologne,  or  as  liqueurs,  cordials,  and  aqua  vitae,  or  as  spirits  for  burning 
m  lamps,  as,  for  instance,  the  mixture  of  oil  of  turpentine  and  alcohol,  so-called  fluid 
gas;  alcohol  also  dissolves  carbonic  acid  gas,  a  propertj'  made  available  in  the 
making  of  effervescing  wines. 

By  the  influence  of  certain  oxidising  agents  alcohol  is  converted  first  into  aldehyde 
and  next  into  acetic  acid,  as  illustrated  in  the  so-called  quick  vinegar-making 
process.  Alcohol  does  not  dissolve  common  salt,  and  upon  this  property  Fuch*8  test 
(see  p.  422)  is  based. 

By  the  action  of  most  of  the  stronger  acids  aided  by  heat  alcohol  is  converted 
into  what  are  termed  ethers  ;  as  regards  the  action  of  sulphuric  acid  upon  alcohol, 
it  depends  upon  the  relative  quantities  and  degree  of  concentration  of  these  liquids, 
whether  sulphovinic  acid,  ether,  or  bicarburetted  hydrogen  gas,  be  formed. 
Hydrochloric  acid  forms  with  alcohol  chlorine  of  ethyl  or  hydrochloric  ether. 
Butyric  and  oxalic  acids  form  ethers  directly  when  heated  along  with  alcohol ;  but 
most  of  the  other  organic  acids  require  the  addition  and  the  aid  of  sulphuric  or 
hydrochloric  acid  for  this  purpose.  Alcohol  is  the  intoxicating  principle  of  all 
spirituous  liquors. 

**''Ml?iIfMt2Jef**^"      Alcohol  is  always  the  product  of  vinous  fermentation.     The 
manufacture  of  spirits  therefore  includes  three  principal  operations : — 

^  I.  The  preparation  of  a  saccharine  fluid. 

2.  The  fermentation  of  this  fluid. 

3.  Separation  of  the  alcohol  by  distillation 

All  saccharine  fluids,  therefore,  or  those  substances  which  jaeld  alcohol  by  fermen- 
tation, can  be  employed  in  the  manufacture  of  spirit;  and  all  materials  so  employed 
contain  already  either  completely  formed  alcohol,  or  cane  sugar  and  dextrose,  or 
finally  substances  which  by  the  influence  of  diastase  or  dilute  acids  are  converted 
into  dextrose.  Such  substances  are  starch,  inulino,  lichenine,  pectin  compounds,  and 
cellulose.  The  raw  materials  of  spirit  manufacture  may  be  generally  classed  in  the 
three  following  groups :  — 

ist  Group. — Fluids  in  which  the  alcohol  is  already  present,  i^equiring  only  distil- 
lation to  effect  its  separation.     Such  fluids  are  wine,  beer,  and  cider. 

2nd  Group. — Substances  either  solid  or  liquid  which  contain  sugar,  which  may  bo 
either  cane  sugar,  or  dextrose  and  levulosc,  or  sugar  of  milk.  In  this  group  are 
included  the  beet-root,  carrot,  sugar-cane,  maize  stalk,  the  Chinese  sugar-cane 
{aorghum),  some  kinds  of  fruit — ^viz.,  apples,  cherries,  figs,  some  berries  (grapes, 
mountain  ash  berries,  &c.),  the  melon  and  gourd,  some  fruits  of  the  cactus  tribe,  the 
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molaaBes  of  cauo  and  of  boot-root  sugar  iimuiifa,ctnre,  the  marc  of  grapos  and  rofu^^ 
grain  of  be^or- makings  honeyf  and  milk* 

ird  Group, — ^All  Bubstancea  wbicli  originally  contain  noithGr  alcohol  nor  sugar,  but 
tho  constituents  of  which  may  bo  converted  into  sugar  and  dextrose.     Such  ar«j 
starch,  inuliuo,  lichenine,  pectin  compounds,  and  cdlulose,  chiefly  found  iu^ — 

a.  Eoots  and  bulbs :  Potatoes,  dahlia  roots,  &c. 

b.  CeroaU :  Ryo,  wheut,  barley,  outs,  imiizo,  and  rice. 

c.  Leguminous  and  other  soeds :  Buck- wheat,  millet,  black  or  ncgi*o  millet»  ] 

lentils,  beans,  Totch,  chestnut,  horsc-chebtuut,  oak  loaves,  &c, 

</.  8ubstancQa  coiitaining  celluloso :  Sawdust,  paper,  straw,  hay,  leayics,  osier, 
moss. 

In  the  future  a— 

4^/*  Group  may  perhaps  bo  added,  which  will  embrace  all  substances  as  probab 
may  enter  into  the  sjTithetic  prepai-ution  of  alcohol,  and  thus  form  what  might  1 
culled  a  mineral  spirit.  Bertholot  in  1855  proved  that  alcohol  ciin  bo  formed  froa 
olefiant  gas  and  water  (0^114  +  H^O  =:  Cill^O).  Olefiant  gas,  when  agitated  for  i 
length  of  time  with  concentrated  sulphuric  acid,  gives  riiio  to  the  formation  of 
aulphovinio  acid;  and  from  this  liquid  after  having  been  diluted  with  water 
a  dilute  alcohol  can  bo  distilleih  This  exporimeut  h:w  a,s  yet  only  a  scientific 
interest;  the  proeesi  haa  boon  tried  on  the  large  scale  in  France,  but  failed  to  b«* 
commercially  avail'ible. 

a»  Preparation  0/  a  Viuoua  Mash. 
vioooiUutifrffoiiGenait.  Grain  brandy  (com  brandy)  maybe  prepared  from  eit 
wheat,  ryo,  or  barley,  (jenei-ally  more  than  one  kind  of  grain  i^  used,  becaiiSQ 
experience  has  proved  that  a  larger  quantity  of  alcohol  is  obtaine<I  when  two  kinds 
of  grain — for  instance,  wheat  and  barbiy,  rye  and  barley^ure  mixed.  A  mixture  of 
rye  with  wheat  or  barley  malt,  or  wheat  with  barley  malt,  is  very  generally  used,  at 
least  abroad.  To  1  part  of  malt  from  :;  to  3  parts  of  non-malted  grain  aro  usually 
taken*  Either,  as  is  done  in  England,  wort  is  mo^ie,  the  grain  being  first  malted, 
next  mashed,  and  the  wort  di-awn  off,  or  the  *jttixture  of  malted  and  unmalted  grain  ia 
allowed  to  ferment  togijthcn  The  bitter  method  is  more  usual  in  Grerinany,  and  ^ 
be  that  described  in  thi^  work.  In  Rusijia  and  Sweden  bramly  ia  pr*.*pared  without 
malting ;  by  properly  mashing  rye  meal  a  reaction  ensues  between  its  constituents, 
the  eifect  of  which  is  the  same  tis  i£  it  had  l>cen  acted  upon  by  diastase  of  malt — 

The  preparation  of  a  mash  Iroia  grain  may  h^  considered  as  consisting  of  the  follow 
four  operations : — 

1.  The  Jiruiuny,— 'The  materials,  malted  ns  well  as  nnmoltcd  gniu,  are  first 
As  it  is  not  essential  in  the  manufacture  of  spirits  that  a  clear  wart  (should  bft } 
the  grain  may  bo  broken  up  very  small,  wltereby  tho  fomiatiou  of  Biit-iir  in 
eooiplete.     Oroen  malt  i»  now  generally  consideredpreft  rii!*le  by  m''        '  1  •«. 

2.  Thr  Mixing  u^ith  WnUr, — Making  of  Ma^h. — ^Thi*  np*  rriti-iu  i.  iitieal  with 
Uiat  of  the  maahing  of  the  brewer ;  th?  only  distinction  beaux  that  lli  ,.,...  ;  aims  at  1 
eii^re  conversion  of  the  starch  into  ^luccN»e,  white  the  brewer  doen  not  requiro  this  as  1 
also  wants  some  dcx,trine.  Tlio  complcto  saccJumfloation,  and  next  the  eompli?te  oonv 
of  the  glucose  into  alcohol  during  fcrmentatioQ,  are  possible  onlv  with  a  eertaia  defrree 
of  dilution  of  the  masih,  Tlie  quantity  of  water  to  bo  mixed  with  the  gmiii  cannot  bo 
reduced  too  much*  l»ecauae  that  would  involve  a  loss  of  spirit^. 

3.  y'A<'  Cmiintj  of  the  Mn»h, — Wlitii  tho  satx'hariiicatiou  is  couiplctc,  the  nuish  sliould 
bo  rapidly  brought  to  the  temperature  miitablo  for  fermentation  by  being  plsoed  tn 
cool ii! If  vo«8ol*«  juMt  «^  is  doiic  witli  the  wort  in  browing,  by  being  placed  in  an  apparatus 
termed  a  rc^frigrrntrtr,  or  by  tho  appbcation  of  ice  or  cold  water.  The  temp«>raluns 
to  which  the  mash  has  t^  be  oooled  vaiies  aceordlng  to  the  locohty  and  the  duration  i4 
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the  feimentiitioiit  but  it  aremges  33°  0.    When  tufBicieiitlj  cooled  the  liquid  is  placod  va 
the  fermenting  vatA. 

4*  The  FrrmentuUon  of  the  Mash, — ^The  fermentation  Tat  \b  ^nerallr  made  of  wood  ond 
Bonwtimes  of  «tone.  The  first  poaseises  the  proi>ertY  of  retaining-  tne  heat  for  a  kmgcn- 
time,  imd  for  the  same  rea^Kin  large  tcmgIs  are  ppcferred.    The  capad^  teldoni  exceeds 

.  4000  litres.  Either  beer  yeaat  in  it*  fluid  condition  or  dry  jeMt  ib  used  to  i»et  up 
fenneuttitioa.  The  latter  is  mixed  with  irann  water  before  bein|^  added  to  the  contents  of 
the  fermentation  tanks.  Of  the  fluid  beer-yen«t,  there  is  tiBuatly  taken  to  locx>  litre#  of 
maah  8  to  10  litres  ;  while  for  30CX)  litres  of  mash  i  j  to  20  litres  of  yeast  arc  a  sufiicient 
quantity.  Of  the  dry  yeast,  4  a  kilo,  is  employed  to  iocx>  litres  of  mash,  or  t  kilo,  of 
yeast  t^j  3000  litres  of  niiash.  In  large  distilleries  artificial  yeast  is  8*:nnetimes  cniployed, 
M  beer  yeast  of  the  requisite  qimlity  cannot  always  be  procured  at  a  remimerativc  j)riee. 

J  The  mdlie  of  adding  the  yeast  is  the  eame  aa  that  employed  in  breweries.  After 
atanding  3  to  5  houra  the  temi>eniture  of  the  mash  will  have  increased  to  30"  t/>  32**. 
Carbonic  acid  is  then  given  oJT,  and  the  heavier  eubstances  settle  to  the  bottom  of  the 
tank.  Tbia  eontinucs  for  about  four  daya,  when  the  cleJir  fluid  may  be  considered  ready 
for  farther  operations. 

Muhtrom  poutoet  Potatoes  consist  of  about  28  per  cent  of  dry  substances,  zi  per 
cent,  of  which  is  starch,  with  2*3  per  cent,  of  albuminous  matter,  and  72  per  cent» 
of  wator.  Tho  activo  piineiple  under  the  influence  of  which  the  starch  is  converted 
into  dcxtroso  is  diastase »  but  this  substance  is  not  found  oren  in  tho  gt-miinated 
potato*  It  therefore  becomes  necessary,  in  order  to  convert  the  starch  of  the  pota* 
•  toes  into  dextrose,  to  add  malt,  or  to  treat  the  potatoes  first  with  dilute  sulphnric 
ftoid.  Accordingly,  tho  preparation  of  a  mn«h  from  potatoes  may  be  performed  by 
either  of  those  two  operaliona.  The  former  is  that  most  generally  employedt  The 
preparation  ordinarily  includes  the  following  operations  : — 1.  Tht  wafihiwj  and  boil' 
ing  0/  the  potatoes, — Before  Ihe  potatoes  can  be  boiled  or  steamedi  they  must  bo 
cleansed  fitim  tho  adheriu;*  earth,  Aft«>r  tho  washing  the  potatoes  are  boiled  with* 
out  previous  paring.  Finally,  they  are  steamed.  3.  The  rhoppittg  of  the  Itn'hd 
potatoe»,^Aa  soon  &a  the  potatoes  are  boiled  they  are  placed  in  a  chopping  machino, 
and  cut  into  small  pieces,  cure  being  taken  to  keep  thcin  hot  by  tho  aid  of  fiteam, 
so  that  tho  cut  up  moss  admits  of  beiug  readily  mixed  with  hot  water  into  aunifomi 
mass,  which  is  the  best  condition  for  tho  potato  starch  to  bo  most  readily  converted 
into  dextrose.  In  somo  cases  tho  boiled  potatoes  are  passed  between  two  hollow 
cast-iron  cylindei"s»  tho  axles  of  which  are  so  aiTunged  and  fitted  in  a  frame- work 
as  to  admit  of  tho  cylinders  being  moved  in  an  opposite  direction,  and  thus  cai>able 
of  converting  the  boiled  potatoes  into  a  uniform  mash.  3.  The  mashittg. — After 
the  addition  of  the  ^rain  or  diastase-containing  material^  tho  mashing  proceeds  as  in 
the  case  of  malt.  The  grain  or  malt  added  is  sometimes  ryo  malt,  sometimes  barley 
malt,  and  generally  a  mixture  of  the  two.  Green  malt  has  greater  power  of  ttjn- 
Teraion  than  air-dried  malt,  ultimately  producing  a  larger  quantity  of  alcohol.  Tho 
proportion  of  bruised  malt  to  be  employed  varies  in  many  instances ;  while  in  some 
cases  only  2  to  3  per  cent,  of  barley  as  malt  is  adfl«'d  to  100  ptii  ts  of  potatoes ;  in 
others  as  much  aa  10  per  cent,  is  used.  A  medium  quantity  between  these  two  ex- 
tremes, or  about  5  per  cent.,  is  perhaps  that  most  in  use.  100  parts  of  potatoes  con- 
taining abotit  20  per  cent,  of  starch  yield  on  an  averag*3  17*3  parts  of  dry  extractive 
matter  in  the  mash  wort*  5  parts  of  barley  malt  yielding  3  parts  of  dry  malt  ex- 
tract ;  the  yield  of  spirits  has  therefore  to  bo  calculated  from  these  two  substances. 
When  a  thick  mash  of  potatoes  is  made  a  difFerent  proportion  of  the  dry  substances 
to  the  water  to  bo  added  in  obtained  from  that  which  obtains  when  malt  or  raw 
(unmalted)  grain  is  mude  into  amaeh  ;  these  proportions  are  in  the  case  of  potatoes 
oa  I  :  4-5,  1 : 4,  even  1:3.  It  is  clear  that  the  large  quantity  of  water  contained  in 
potatoes  (viz,,  73  to  75  per  cent.)  has  to  be  tahen  into  acc<?unt. 
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The  opera tiou  of  cooliug  Is  performed  as  alreadjr  described-  While  the  nuuh  is 
placed  in  the  cooling  vc^s^ela  it  undergoes  uhaDges  which  are  partly  favouiublj  and 
partlj  imfavourablo  to  the  yield  of  alcohol.  The  incToase  of  sugar  is  f  ooarse 
favourable ;  thia  increase  can  only  be  acootintod  for  by  the  action  of  the  protein 
compounds  ecjntaiDed  in  the  malt,  whereby  the  doxtrtno  is  converted  into  dextrose. 
All  albuminoufl  snbatJinees  possess  the  property  of  converting  starch  into  dextrose ; 
and  this  the  more  so  if  the  albuniinoua  substances  ore  themselves  already  in  a 
state  of  decompositioD.  Blood,  biuin,  albumen  of  malted  barley,  saliva,  meat  in  a 
state  of  incipient  decay,  are  all  capable  of  converting  starch  into  dextrose.  When 
Mulder  suggests  that  the  word  diastase  should  be  batiiahetl  from  science,  and  for  it 
substituted  that  of  starch  converter,  he  is  right  in  a  6iienti£c  sense,  because 
diaatiiso  does  not  exist  as  a  chemical  body  by  itself;  but  the  word  iliaistaso  may  be 
conveniently  used  in  technology  for  the  purpose  of  indicatiog  an  albuminous  body, 
which  being  itself  in  a  state  of  decomposition,  is  capable  of  converting  sftareh  into 
dextrose.  Another  change  of  the  mask  consists  in  the  formation  of  lactic  acid, 
always  readily  formed  from  sugar  under  the  influence  of  a  peculiar  ferment.  The 
quantity  of  this  acid  is  increased  by  slowly  cooling  to  the  suitable  tomperatujo  for 
femientation ;  it  is  therefore  best  to  cool  the  mash  as  rapidly  as  possible.  Hecently, 
an  aqueous  solution  of  sulphurous  acid  is  employed,  s<^>mo  of  this  being  added  to  tho 
mash  mixture,  tho  effect  being  tho  prevention  of  the  formation  of  lacUo  u^id,  uad 
thus  incroased  yield  of  alcohol. 

*^*'  '*£.w'*"'''"'"      ^^'<'  I'rrjHiraticn  of  a  Ma*h    hj  mtitus  of  Suijihurk  ^dd— Wo 
have  already  seen  that  some  diluto  acids  are  as  capable  of  converting  starch  ixkto 
dextrose  as  the  so-cailed  diastase  of  malt :  dilute  sulphuric  acid  is  usually  applied 
ft>r  this  purpose.     LepUiy  first  recommended  this  mmle  of  pre|Kiring  mash.     Tfc 
ruw  potatoes  are  firat  convertcHl  into  a  pulp,  which  is  thrown  into  a  large  v« 
containing  water.    Tho  starch  coUa  separate,  some  settling  to  the  bottom  of 
vessel,  others  becoming  mixed  with  the  cellular  tissue  of  the  pidpi^l  potatocw.    The 
brown -coloured  supernatant  fluid  (wherein  is  also  contained  tho  albumen  of  tho 
potatoes,  which  would,  if  left,  interfere  with  the  aotioii  of  the  sulphuric  acid  upiu 
the  starch)  is  first  syphoned  off.    This  liquid  is  given  as  drink  to  cattle,  or  is  usod 
for  the  purpose  of  moistening  dry  fodder.    While  thia  operation  is  in  progress  ther© 
is  heated  to  the  boiling-point  in  another  vessel  the  required  quantity  of  chluto  sul- 
phuric acid,  the  heating  apparatus  consisting  generally  of  steam  pipes.     To  evory 
hectolitre  of  |>otat.>e8  from  1-5  to  2  kilos,  of  strong  sulphuric  acid  diluted  witli_ 
3  to  4  litres  of  wat«^r  is  ti.sually  taken.     The  previously  more  or  less  washed  gr 
potato  starch  is  gradunlly  and  by  small  quantities  at  a  time  added  to  this  boilin| 
fluid.     Tho  boiling  is  continueil  until  tho  whole  of  the  starch  as  well  as  all  thu 
dextrine  ara  converteil  into  glncoso,  the  course  of  the  progress  of  the  converwrrn 
being  ascertaLncd  by  means  of  iodine  water,  while  tho  insolubility  of  dextrine  in 
alcohol  affords  a  means  of  ascertaining  whether  the  eonvei-sion  of  this  substanoe  f 
complete,  A  sample  of  the  fluid  when  agitated  with  alcohol  should  exhibit  no  miU 
nppearance.     After  alwiut  five  hours*  boiling  the  formation  of  sugar  will  be  completiv 
The  fluid  is  then  first  run  into  a  vessel  with  double  bottoms,  one  of  which  in 
perforated  with  small  holes  so  as  to  admit  of  acting  as  a  strainor  to  retain  eelhihu 
tissue,  &c.,  alitor  which  the  fluid  is  run  into  another  vessel,  nnd  while  therein 
noutraUsed  by  the  addition  of  clmlk,     Tho  gyiimim  having  settled  down,  tho  lit 
is  Again  transferred  to  another  vessel,     llie  Wiusb  water  of  tho  sediment  having 
liOen  addetl,  the  liquids  are  ready  to  undergo  formt^ntation. 
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4.  The  FerTnentaiion  of  the  Potato  ilfcwA.— The  addition  of  yeast  to  the  cooled 
mash  in  the  fermenting  vat  takes  place  in  the  same  manner  as  with  malt.  To  100 
kilos,  of  mash  are  added  i  to  2  litres  of  beer  yeast,  or  f  to  i  kilo,  of  dry  yeast.  The 
potato  mash  contains  besides  the  husk  of  malt  and  grain  some  finely  divided  cellular 
tissue ;  these  substances  during  fermentation  are  carried  to  the  surface  of  the  mash 
and  form  a  scum,  the  appearance  and  behaviour  of  which  gives  an  opportunity  of 
judging  the -progress  of  the  fermentation.  The  fermentation  is  said  to  bo  regular  or 
irregvdar ;  the  former  begins  some  four  to  six  hours  after  the  yeast  has  been  added,  • 
and  proceeds  in  a  regular  manner,  the  end  depending  upon  the  quantity  of  yeast 
added  and  upon  the  temperature.  The  progress  is  quiet,  not  violent,  the  scum  which 
appears  on  the  surface  sinking  or  being  drawn  down  at  one  side  of  the  vat  and  thrown 
up  at  the  opposite  side,  while  bubbles  of  air  or  gas  appear  and  burst  on  the  surface, 
much  as  bakers'  dough  heaves  under  the  influence  of  the  ferment.  Irregular  fermen- 
tation is  so  far  opposed  to  the  former  that  the  surface  of  the  mash  is  only  partly 
covered  with  froth,  which  remains  in  one  position,  and  does  not  move  of  itself.  The 
result  of  such  a  fermentation  is  generally  defective,  the  reason  being  the  incomplete 
saccharification  of  the  mash,  the  addition  of  too  small  a  quantity  of  yeast,  or  finally 
working  at  too  low  a  temperature.  After  about  60  to  70  hours  with  a  regular  fer- 
mentation, the  mash  is  ready  for  distillation.  Recently  largo  quantities  of  spirits 
have  been  prepared  from  maize  and  also  from  rice. 

Maih  from  Roou.  By  the  usc  of  thoso  vegetables  which  contain  alcohol-forming  bodies, 
either  in  the  shape  of  cane  sugar  or  as  dextrose,  the  mashing  process  is  avoided,  and 
the  prepared  fluid  is  immediately  ready  for  fermentation  as  soon  as  the  saccharine 
fluid  has  been  completely  squeezed  out  of  the  cells  wherein  it  is  contained  in  the 
vegetable.  The  great  advantage  of  the  preparation  of  spirits  with  the  avoiding  of 
the  mashing  process  is  too  important  to  be  overlooked,  and  it  is  therefore  clear  that 
every  effort  should  be  made  to  substitute  for  the  starch-containing  vegetable  products 
those  which  contain  sugar,  the  more  so  as  it  has  been  recently  proved  in  England 
perfectly  possible  to  arrange  this  industry  in  every  way  to  the  satisfaction  of  the 
excise  authorities. 

One  of  the  most  important  of  such  roots  is  the  sugar-beet  so  largely  employed 
in  the  manufacture  of  beet-root  sugar.  Although  it  would  appear  to  be  a 
simple  matter  to  extract  the  juice  from  the  previously  pulped  juico,  this  is  yet — 
notwithstanding  even  the  large  quantity  of  juice,  viz.,  96  per  cent,  of  the 
weight — a  difiicult  matter,  because  the  remaining  4  per  cent,  of  substance  have 
all  the  properties  of  a  sponge  and  tenaciously  retain  the  juice ;  it  is  this  spongy 
nature  of  the  solid  constituents  of  the  root  which  prevents  the  conversion  of 
the  whole  root  into  a  sufficiently  concentrated  mash.  If  it  were  possible  to  sot  up 
fermentation  in  the  thick  pulp  obtained  from  the  roots  100  kilos,  of  the  pulp  would 
yield  6  litres  of  alcohol,  a  quantity  sufficiently  large  to  bo  remunerative  even  with 
a  very  low  market  i)rice  of  spirits.  Indeed  it  is  maintained  by  the  advocates 
of  beet- root  distilleries,  that  the  distillation  of  spirit  is  a  more  profitable  business 
tlian  the  manufacture  of  beet-root  sugar.  In  Belgium  and  Gonnany,  distilleries 
are  frequently  to  be  found  attached  to  the  beet-root  sugar  manufactories;  and 
the  combination  of  the  industries  possesses  the  advantage  that,  in  a  season  when  the 
proportion  of  sugar  in  the  roots  is  too  poor  to  yield  much  profit  to  the  manufacturer 
as  sugar,  ho  may  ferment  the  sugar-containing  juice  and  obtain  a  fair  yield  of 
spirit.    Beets  to  be  available  to  the  distiller  may  contain  only  5  to  6  per  cent,  of 
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sugar ;  but  for  the  purposes  of  tlio  manufacturer  of  sugar  tbey  must  contain  mi 
least  8  to  9  per  cent  Tke  prod  acta  of  the  first  distiUation  of  the  fermentefl  beet- 
roots contain,  in  addition  to  water,  oila  known  aa  fujjel  oilg,  of  Tory  uuplcasant 
tiiste  and  smoll  and  of  poisonous  quality.  Those  oils,  however,  disappear  daring 
i-ectafication.     The  metho<la  of  obtaining  tho  juice  are  the  following : — 

m,  "By  pnlping  and 
<i.  Pressure,  or 

^.  By  trctttment  in  a  eentrtfagal  machine. 
]^y  m^cration,  or  by  the  dlalytioal  method. 
4.  The  sHoed  roots  being  treated  with  cold  or  with  hot  water  (Siemens*  And 

Dubrunfaut's  methods). 
(f.  The  sliocd  roota  bcingr  treated  with  hot  wash  from  former  distiUntiona, 

y.  Acoording"  to  Le^lay's  method,  somewhat  modified  by  Plnchart,  the  alieed  root^  ni^ 

submitted  to  fermentation  without  prerious  extraction  of  tho  Juice*  and  also  withoat 

Addition  of  yeast,  the  alcohol  being  aiter wards  distilled  from  tho  shecd  roota  with  the  aid 

u£  ateam. 

BplHti  ftotn  tti<?  Br-rr^uct*       !»  the  East  Indies  the  acmn  from  the  boiletl  su^r,  the  mola&soa, 

or  ihii»r  MAuuiuiiure  ^c.,  are  brought  to  fenueutation  and  the  fermenUxl  fluid  distilled. 
The  product  ia  iu  the  English  eoloniea  known  aa  Hnm^  in  Madagascar  and  the  l^le  of 
Franee  as  GmbUne.  The  pocoliar  aroma  of  rura  ia  contained  in  the  portion  whieh  first 
distils  over.  By  the  fermentation  and  distillation  of  the  acnm  from  the  boiling  of  the 
s  UjOpaj-e^me  juice,  a  cosr^e,  sour,  dark  bro^ni  or  black-coloured  acrid  taating  brandy  ii 
obtained ;  it  is  known  aa  N^^ro  rum.  In  England  and  Qextnany  rum  ia  frequently  made 
from  the  diluted  molaasea  of  the  sugar  refiiieries  fermented  with  yeaat,  the  fermented 
fluid  being  diatilled  after  about  3  to  4  days'  fermentation.  The  aroma  peeuHar  to  mm 
is  obtained  by  the  addition  of  some  pclargonic  ether  or  essence  of  pine>apple.  Beet-root 
molaasea  aro  also  lurjrelv  u».?d  for  the  purpose  of  obtaining  spirits.  By  itself  the  beet^rooC 
8tigar  mohi&sea  are  difticvik  to  ferment,  but  if  the  alkuliuity  of  this  material  is  first 
neutralised  by  tho  addition  of  some  sulphurio  acid,  and  the  materixd  next  boiled  with  a 
further  addition  of  acid  for  the  purpf>so  of  converting  the  cane  sugar  it  yet  may  happen 
to  cjontain  into  inverted  sugar,  the  fermentation  may  be  readily  set  up  and  regidarly  pro- 
ceed, loo  kilos,  of  molasses  yield  on  an  average  40  litres  of  spirit.  The  very  objeationable 
'jdoiu*  of  this  spirit  is  due  to  fuiiel  oil,  which  oontains  small  quantities  of  propyfic,  butvHc, 
and  amylic  alcohol,  pelorgonic  acid,  and  oiprylio  acid,  while  later  researches  have  added 
to  this  list  cenanthie,  oaproic,  and  valerijinic  acids.  Tho  residue  left  in  the  retort  ia  used 
for  the  preparation  of  potassa  (see  page  i  iS).  llie  addition  of  sulphurio  acid  has  not  only 
the  effect  of  converting  the  cane  sugar  into  an  easily  fermentable  augar,  but  also  prevents 
the  setting  up  of  lactio  acid  fermentation. 

spintiikwiiiwtoe  widMare.  The  distillation  of  spirits  from  wine  is  chiefly  carried  on  in 
Franc©,  Spain,  and  PortugaL  The  yearly  production  of  spirits  from  wine  or 
French  brandy  {akool  de  vin)  in  France  alono,  amounts  to  450,000  hectolitres  of 
85  per  cent.,  and  400,000  hectolitres  of  60  por  cent,  Tho  quality  of  tho  spirit  la 
indirectly  affected  by  the  degree  of  ripeness  of  tho  grapes,  and  directly  by  the  core 
bestowed  upon  the  fermentation  ami  distillation,  tho  more  or  less  intimate  mixture  of 
the  volatile  principles  of  the  wine  with  the  alcohol,  and  by  the  age  of  the  wine.  Old 
wine  yields  a  epirit  of  bettor  quality  than  new  wine,  Tho  freshly  distilled  brandy  is 
colourless,  and  remains  so  even  when  bottled ;  but  since  the  spirit  is  kept  in  oaken 
cttskfl  it  extracts  therefrom  some  colouring  and  extractive  matter.  The  beet  kinds  of 
bmndy  aro  distilled  iu  the  D§parteTnent  do  Charonte,  and  tho  bmnd  known  in 
oommeroe  aa  dtfjmic  (name  of  a  town)  is  the  most  valued.  From  the  marc  and 
wine-lees  spirit  is  also  distilled.  By  the  distillntiou  of  spirits  fiom  wine  a  residua 
is  left  in  the  retort  (tho  vinau^)  which  contains  a  large  quantity  of  glycerine  which 
may  thus  be  obtained  as  a  by-product. 
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6.  Distillation  of  the  Vinous  Mash, 

i^MiUatumof  the  Mash.  The  fermented  mash  (as  obtained  from  potatoes  is  a  mixture  or 
non-volatile  and  volatile  substances.  To  the  first  belongs  the  fibre,  malt,  husks, 
inorganic  salts,  protein  substances,  undecomposed  and  decomposed  yeast,  succinic 
acid,  lactic  acid,  glycerine,  &c. ;  to  the  volatile,  the  alcohol,  fusel  oil,  water,  and 
small  quantities  of  acetic  acid.  The  volatile  constituents  of  the  mash,  the  products 
of  the  fermentation,  are  separated  from  the  non-volatile  by  distillation,  during 
which  the  volatile  constituents  are  convei'ted  into  vapour  afterwards  cooled  and  con- 
densed in  another  vessel.  When  a  vinous  mash  is  heated  to  the  boiling-point, 
vapours  are  generated  which  consist  essentially  of  alcohol  and  water ;  by  condensing 
these  vapours  there  is  obtained  a  mixture  of  alcohol  and  water. 
Water  boils  at-f-  ioo°  C,  barometer  760  mm. 
Alcohol,,    „H- 78-300.,        „  „     „ 

Thus  it  might  be  thought  that  while  the  boiling-point  of  water  is  2170*'  C.  higher 
than  that  of  alcohol,  it  would  follow  that  when  a  -sinous  mash  is  heated  to  80^  C, 
only  the  alcohol  would  be  converted  into  vapour,  the  water  remaining  behind.  But 
this  is  not  the  case,  for  under  all  circimistances  the  boiling-point  of  a  mixture  of 
alcohol  and  water  is  higher  than  that  of  pure  alcohol  alone,  and  the  vapour  formed 
consists  of  both  alcohol  and  water.  The  reason  is  partly  due  to  the  affinity  of  alcohol 
for  water,  partly  also  to  the  fact  that  water  evaporates  at  a  lower  temperature  than 
its  boiling-point ;  the  former  (affinity)  retains  alcohol  and  prevents  it  to  escape  at 
proper  boiling-point  (78*3°)  in  the  shape  of  vapour.  If  the  mixture  of  alcohol  and 
water  be  heated  to  its  boiling-point  (suppose  90°  C.)  much  more  alcohol  will  be  con- 
verted into  vapour,  because  its  boiling-point  is  lower,  while  of  water  only  just  so  much 
is  evaporated  as  would  be  the  case  wore  it  when  pure  to  be  heated  to  this  temperature, 
while  simultaneously  a  current  of  air  is  passed  through  it,  because  the  vapours  of 
alcohol  evolved  from  the  mixture  act  exactly  in  the  same  manner  as  would  a  current 
of  air  carried  through  the  mixture  of  alcohol  and  water,  the  former  substance  taking 
up  just  as  much  water  as  will  be  volatilised  at  the  boiling-point  of  the  mixed  liquids. 
As  the  quantity  of  vapour  evolved  from  a  liquid  bears  a  direct  relation  to  the 
temperature  of  that  liquid,  the  quantity  of  aqueous  vapours  in  the  mixture  of 
vapours  will  increase  according  to  the  increase  of  temperature,  until  at  last,  as  soon 
as  the  boiling-point  rises  to  that  of  water  (=  100")  no  more  alcohol  will  be  present  in 
the  vapours  which  are  given  off.  At  the  commencement  of  the  distillation  the  vapour 
given  off  contains  much  alcohol  and  very  little  water ;  presently  more  water  comes 
over,  and  finally  only  water.  It  is  therefore  quite  evident  that  we  cannot  by  distil- 
lation separate  alcohol  at  once  from  the  rest  of  the  volatile  constituents  of  a  vinous 
mash  liquor.  By  interrupting  the  distillation  at  the  proper  time,  there  is  obtained 
in  the  distillate  all  the  alcohol  contained  in  the  mash  along  with  a  certain  quantity 
of  water,  while  the  residue  of  the  distillation  will  not  contain  any  trace  even  of 
alcohol.  The  liquor  obtained  by  the  first  distillation  is  generally  voiy  weak  alcohol, 
and  requires  further  rectification,  as  it  is  termed,  to  increase  the  proportion  of 
alcohol.  This  rectification  (another  process  of  distillation)  may  be  continued  till  the 
alcohol  contains  only  a  small  quantity  of  water,  which  can  only  be  eliminated  by  the 
aid  of  such  substances  as  have  a  greater  affinity  for  water  than  the  alcohol,  which 
retains  that  liquid  very  tenaciously.    Anhydrous,  or  absolute  alcohol,  can  only  be 
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obtalDOfl  by  treating  lugMy  roctificd  alcoliol  witK  sotUG  substancea  wliicli  Lave  u 
great  afiSjiity  for  wat*:'r»  sueb  as  caustic  lime,  fused  dilorido  of  calcium,  &c. ;  but 
really  absolute  alcohol  is  never  used  on  tho  large  scale  in  industry.  Tbe  first 
portions  of  liquid  obtained  by  the  diatillfition  of  vmous  niiisli  arc  rich  iu  alcohol,  and 
termed  fore-niu  or  first-mn,  while  the  lust  portions?  of  tho  fluid  yet  containing  alcohol 
afo  tenned  after-run.  A  doubly-roctiiii'd  alcohol  containis  50  per  c«nt.  pure  spirit; 
but  by  means  of  rectification  alono  a  strifngor  alcohul  than  of  95  per  cent,  cannot  b© 
obtained.     Tlie  residue  of  the  distilliition  ja  called  fluid- wash. 

Tiwxnitiniof  Ai.p*rmttta.  A  distilling  apparatus  as  usually  employed  consists  in  its 
simplest  form  of  four  parts,  namely,  the  still  or  retort,  the  head  or  cap  of  the  still, 
the  cooling  apparatus,  and  the  receiver. 

The  still  or  retort  is  generally  const moted  of  sheet  copper — ^moro  rarely  of  iron  boiler- 
plates. The  Hliapc  of  the  ve-SBel  varies,  but  is  generally  a  Bomcwbat  fl.Titteiied  cylinder,  pro- 
vided with  a  round  opening  of  12  to  14  inches  in  diameter,  fittcil  with  a  collar  about  i  inch 
in  Leifrht  forming  the  neck,  on  which  the  cap  or  head  is  placed-  The  bottom  of  the  still 
in  cither  sonicwliat  bnljb^ed  iiiwartls  at  the  centre  or  ia  quite  flat.  The  residue  of  the 
distillation  10  removed  tlirough  a  waste-pipe  fitted  with  a  stop-cock  attached  to  tlie 
bottom  of  the  vessel.  From  the  cap  or  head  a  pipe  conveys  the  volatilised  nleohol  to  the 
reoeiver,  while  jutting  obliiiuely  from  the  top  of  tiie  still  is  a  pipe  for  the  introduetion  cd 
the  mash.  The  head  carries  the  vapours  from  the  htill  into  the  coohng  or  coad* 
apparatai ;  although  a  sunple  tube  might  answer  this  jHirpofle,  it  ia  preferred  to 
the  head  of  the  t<itilL9  hirgo  and  wido^  not  only  for  the  purpose  of  separtitiog  any  partii  __ 
of  moah  which  might  happen  to  be  carried  oft  with  the  viipours  of  the  boiling  uquid,  but 
abo  to  obtain  a  distillate  richer  in  alcohol,  because  an  increased  surface  is  favourable  to 
the  cooling  of  the  vapours,  whereby  thus  the  aqueous  vni>our  is  first  condensed ;  more- 
over, large  heads  are  advantage<3U8  in  oaae,  by  a  rapid  evolution  of  vapours,  the  maah 
inipht  TkiII  ap  (priming)  ;  roomy  space  in  the  head  prevents  then  the  liquid  parsing  over 
into  the  worm,  Sinoe  the  volume  of  the  vaponra  decrtatiea  during  tho  condensation,  a 
somewhat  conically- shaped  head  woidd  be  the  best  form  for  this  portion  of  the  apj)aratQ». 
The  cooling  appiU'atus  la  not  Himply  deatined  to  convert  the  vapours  carried  into  it  from 
the  head  into  liquid,  but  it  in  also  required  that  this  bqiiid  be  bo  far  cooled  down  as  to 
prevent — at  least  aa  much  as  possible — the  evaporation  of  the  distillate  ;  the  condensing 
appariitiia  should  not  be  too  roomy  ;  that  ia  to  say,  there  ahould  not  be  too  mneb 
space  for  the  vapours,  because  this  would  cause  air  to  enter  the  cooiiiiK'  apparatua^ 
and  thiM  air,  while  mixing  '^'ith  the  vapours  of  alcohol,  carries  off  along  with  it  t^:>inQ  of 
this  fluid,  thereby  causing  a  loss  of  tlie  fluid.  It  in  also  requisite  that  the  cooling 
apparatus  be  strotigly  made^  yet  at  the  same  time  so  constructed  aa  to  admit  of  being 
roadil^^  takin  dowTi  for  cleansing  pnrpoaea  and  easily  fitted  up  again;  ttstiAUy  tho  oooUng 
apparatus — teohnieally  tenned  worm— consists  of  a  scrips  of  spirally  bent  tubes  made  of 
either  block-tin  or  copper,  ^ehlum  of  lead ;  tins  apparatus  is  plated  in  n  hirisr*"  wooden 
ur  metal  vat  containing  cold  water,  or  as  in  the  more  recently  constructed  distilling 
apparatns,  cold  vinous  mash,  which  is  thus  maile  warm  prenous  to  being  transferred  into 
the  stillf  whereby  of  course  a  saving  of  fuel  is  effected. 

'"nimiSSS"^"*  However  much  tho  shape  an  d  details  of  construction  of  the  apparat  us , 
"with  the  aid  of  which  strong  alcohol  can  at  onco  bo  obtained  by  one  distillation,  may 
vary,  these  apparatus  all  agree  in  this  respect,  that  thomixtui^o  of  vapours  of  alcohol 
on  their  way  from  the  still  to  tho  condenser  become  continuously  richer  in  alcohol,  so 
that  on  reaching  the  cooling  apparatus  strong  alcoliol  is  the  result  of  the  operutioii. 
This  result  can  be  attained  iu  two  diffeix^nt  ways,  viz, : — 

i»  By  catising  tho  mixture  of  vapours  to  pa«8  repeatedly  through  alcoholio  Uquida 
formed  by  tho  oondonsation  of  the  vapours  first  given  off;  when  afterwards  tho 
temperature  increases  in  consequence  of  tho  continued  rush  of  vnpom"s  into  tho 
liquid,  a  new  process  of  distillation  begins,  the  vapours  generated  b}*  it  being  far 
richer  in  alcohol  than  when  tho  first  dif^tillation  took  place  (principle  of  rcctijkntion), 

!♦  By  so  cooling  the  mixed  vapour  that  tho  water  only  is  condensed,  the  alcohol 
poaBtDg  oa  as  Tapotir  (principle  of  dephlefjmatwn). 
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"\Mien.  in  former  clays  (sixty  to  sixty -five  years  ago),  it  was  desired  to  pirejytre 
Btrong  fdcoliol,  a  repeated  process  of  distillation  was  adopted ;  this  of  conrse  was  a 
cosily  afiair  both  as  regards  consumption  of  materials,  fuel,  &c.,  and  loss  of  time* 
At  the  present  day  distillation  apparatus  are  generally  so  arranged  that  by  a  kind 
of  dissociation  of  the  mixture  of  yapours,  alcohol  of  any  desired  strength  con  be  at 
once  prepared- 

Most  of  Die  recent  distillation  apparatOB  may  he  considered  to  eoziAist  of  the 
follo\sTng  parts  : — 

1.  The  still  or  vessel  in  whicrh  tlio  fermented  mash  is  placed, 

Zn  Two  condensing  appamtus.  one  of  whicli  serves  as  rectifier,  while  the  other 
completes  the  condensation  of  the  products. 

3.  A  dephh?gmator  in  which  the  mixed  vapour  separates,  a  portion  of  tlio  water 
beeoming  condensed  and  a  vapour  riclu  r  in  the  alcohol  being  carried  on ;  this  latter 
is  carried  into  the  cooling  apparatus,  while  the  former  flows  back  into  the  still. 

Among  the  many  distilling  apparatus  employed  in  Germany  for  distilling  fermented 
potato  mash*  we  propose  to  describe  those  of  Dorn,  Pistorlns,  Gall,  Schwarz,  and 
Siemens* 

i>nmt  Appimtiw,  Dom's  ftpparattis.  Fig.  233.  consists  of  the  stiU,  a,  the  helm,  u,  which 
acta  as  depldegmator,  the  condensing  apparatus,  n,  and  between  tlie  stQl  and  con- 
densing apparatus,  a  copper  vessel  divided  by  a  partition  into  two  compartments, 

Fig.  233, 


c  and  r,  the  upper  of  which,  c,  is  termed  the  fore-warmer,  the  ujider,  f,  tlio  recti- 
ficator.  Connected  with  the  helm  is  a  small  condenser^  n^  for  the  purpose  of  taking 
an  occasioiml  sample  of  the  disiillnte  which  passes  over.  The  fore-warmer  is  filled 
with  mash  to  a  level  with  the  tube,  o,  and  usually  contains  as  much  mash  as  is 
necessary  to  fill  the  still  With  Ihe  help  of  the  revolving  arms,  x  x,  the  mash  is 
from  time  to  time  kept  stirrcdp  and  tlius  equally  heatt^d  tlironghout  to  about  85°  by  the 
vaj^our  passing  tlirough  the  pipe,  i  i,  from  the  still.  "Wlienilie  distillation  is  finished 
the  wash  (waste  residue)  is  run  off  by  opening  the  tap  a,  tlie  still  being  re-filled  with 
mash  from  tlie  fore-warmer.  As  boou  as  the  distillation  commences  tlie  vapour  is 
condensed  in  the  wonu,  i  t,  the  condensed  fluid  flowing  into  f,  '\Vhen  the  steam  is 
no  longer  condensed  in  t,  wliich  occurs  as  soon  as  the  mash  has  reached  a  certain 
temperature,  the  veponrs  pass  over  into  the  low  wine,  which  thus  bec^smes  rapidly 
29 
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the  distillation  again  proceeded  with.  The  low  wine  contained  in  the  vessel  f  flows 
through  the  ivihej  or  q  hack  into  the  still.  As  may  he  seen  in  the  cut,  Dorn's  appa- 
ratus has  not  a  separate  dephlegmator  and  only  one  still  or  retort.  This  apparatus 
is  now  rarely  used  for  distilling  mash,  hut  frequently  for  rectifying  spirits. 

pistoriM'8  Apparatui.  Pistorius  first  introduced  in  Germany  a  distilling  apparatus 
fitted  with  two  stills  ingeniously  connected  with  rectificators  and  dephlegmators. 
Wlien  a  distilling  apparatus  is  required  which  not  only  extracts  all  the  alcohol  from 
the  mash,  hut  also  produces  the  alcohol  in  a  very  pure  and  concentrated  state, 
performing  this  work  with  the  least  possible  expenditure  of  fuel  and  labour, 
Pistorius's  apparatus  answers  the  purpose  admirably,  a  and  b.  Fig.  234,  represent 
the  two  stills,  a  is  the  main  still,  which  is  either  placed  on  a  furnace  and  heated 
directly  by  fire  or  by  means  of  steam.  Heating  by  steam-pipes  instead  of  direct 
firing  possesses  many  advantages.  The  second  still,  b,  is  placed  at  a  somewhat 
higher  level  tlian  the  first,  and  when  not  heated  by  steam-pipes  is  situated 
on  the  flue  of  the  furnace  fire  of  the  first  still.  The  main  still,  a,  is  fitted  with  a 
large  helm,  d,  fastened  on  the  still  with  bolts  and  nuts.  j5  is  a  tube  projecting  from 
the  helm  and  provided  with  a  safety  valve  which  opens  inwards,  in  order  to  give 
access  to  air  as  soon  as  towards  the  end  of  the  distillation  a  vacuum  might  ensue  in 
the  interior  of  the  apparatus  in  consequence  of  the  condensation  of  the  vapours. 
There  is  also  connected  with  tliis  tube,  p,  a  small  condenser,  (7,  as  in  Dom's 
apparatus,  from  which  samples  showing  the  progress  of  the  distillation  may  be  taken. 
In  both  stills  stirring  apparatus,  wi  and  n^  are  fitted  to  prevent  tlio  mash  burning. 
By  the  tube  a:  the  vapour  of  the  *' low  wine'*  is  admitted  to  the  second  still,  tlic 
mash-still.  From  the  helm,  f,  of  the  mash-still  a  curved  pipe,  «,  conveys  the  vapour 
to  tlie  mash  fore-warmer,  which,  as  in  Dom's  apparatus,  is  divided  into  two  parts,  tlie 
upper,  E,  containing  the  mash,  the  lower,  g  (the  **  low  wine  "  cistern) ;  the  vapour 
ascending  along  the  narrow  passage,  v,  to  the  rectification  apparatus,  h.  Frequently 
the  vapour  is  conveyed  to  a  third  still  before  entering  g  ;  this  still  is  not  shown  in  the 
drawing.  The  rectification  apparatus,  h,  consists  of  two  or  three  conically-shaped 
vessels,  made  of  sheet-copper  and  connected  together,  and  is  provided  with  a  cistern 
filled  with  water,  w ;  it  is  connected  with  the  condenser,  11,  by  the  tube  c.  The 
tube  X  conveys  cold  water  to  the  rectification  apparatus,  and  tlie  short  tube,  y,  does 
so  to  the  fore-warmer.  The  pump,  p,  is  employed  to  pump  the  mash  from  the 
cistern,  l,  to  the  fore-warmer ;  thence  it  is  carried  to  the  second  still,  and  tlience 
again  to  the  first  still.  Wlien  both  stills  and  the  fore- warmer  are  filled  with  mash, 
tlie  fire  is  lighted  under  the  first  still.  The  steam  or  vapour  from  tlie  mash  in  a 
passes  to  the  mash  in  b,  which  is  tliereby  heated  to  the  boiling-point.  Tlie  still  b 
serves,  therefore,  the  purpose  of  a  rectificator.  When,  the  distillation  has  begun,  the 
vessel,  w,  on  the  rectificator  is  filled  with  cold  water,  which  is  re-supplied  when  it 
has  become  warmed  by  the  passing  vapours.  As  soon  as  the  steam  reaches  the  upper 
rectificator,  the  real  distillation  commences.  The  condensed  fluid  drops  into  a 
cistern  in  which  a  hydrometer  is  placed. 

oidi'sAppBrmto*.  In  most  apparatus  for  distilling  from  a  vinous  mash  the  distillate 
becomes  gradually  weaker  and  is  not  throughout  of  the  same  strength.  Gall  and 
Marienbad  have  endeavoured  to  avoid  this  defect  in  their  apparatus.  Figs.  235  and 
236,  so  as  to  obtain  a  more  uniform  product  during  each  distillation.  Two  stills  are 
placed  in  a  suitable  manner  in  a  steam-boiler  and  the  stills  are  connected  with  the 
separator   (low  wine  cistern),      b  b   are  the  stills;    c  is  a  boiler  with  flues,  it. 
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die  stills,  in  order  to  prevent  tlieni  cooling,  are  fLxcd  into  the  boiler ;  d  is  ft  lliird 
still  placed  on,  not  in,  the  boiler ;  e  ia  the  low  wino  cistern ;  f  and  g  two  dephleg- 
matorB  or  scpanitors ;  a  is  a  condenser  witli  a  worm,  n.  The  masli  is  put  fii'st  into 
the  still  D  by  means  of  the  tube  a  a^  Uiis  still  serving  as  a  fore-warmer  und  recti- 
ficator.  From  tliis  still  both  the  stills  n  b  are  fiUeii  From  tlie  boiler  a  current  of 
steam  is  conveyed  throngli  the  bent  tube,  h^  into  the  three-way-cock,  c,  whence  th** 
steam  is  either  passed  into  one  or  both  tlie  btilU  u  u  or  is  conveyed  npwards  by  the 
tube  d  to  the  vessel  destined  to  steam  the  potatoes.  The  vaponr  from  one  or  botli  of 
the  stills  B  B  proceeds  to  the  still  n,  sind  thence  into  tbe  low  wine  cistern,  e,  and 
passing  through  the  dephlegmators,  f  and  n,  iinally  enter  into  the  condenser.    The 

Fia,  235. 
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peculiarity  of  Guilds  apparatus  consists  in  that  by  die  peculiar  arrangement  of 
tubes  and  stopcocks,  each  of  tlio  two  stills  may  at  will  be  brought  into  action,  it 
hfiing  possible  to  turn  the  steam  at  pleasure  into  the  right-band  still,  and  next 
into  the  left  band  still,  or  vice  vena.  Each  stilt  may  be  also  disconnected,  the  ^ 
wash  therefrom  discharged  and  re-filled  without  in  tlic  least  interrupting  Uie 
working  of  the  other  portions  of  the  apparatus;  the  distillation  can  therefore 
proceed  uninterruptedly,  one  part  of  the  apparatus  being  tilled  while  the  other  is 
at  work. 

aciiir«ni  Arpuftttuk      Schwarz's  apparatus  is  in  very  genentl  use  in  the  south-west  i 
Genniny.    It  consists,  Fig,  237,  of  the  Blcam  boiler,  d  ;  two  mash  stills,  k  and  d:  the 
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ore- wanner,  c ;  tlie  **  low  wine"  cistern,  or  receiver^  e  ;  the  rectifiratoi-H,  n  and  f;  and 
'the  condenser,  o.  m  is  a  reservoir  for  cold,  n  one  for  hot  water.  Tlie  steam  generated 
in  the  boiler,  d,  passes  tlirongh  the  pipe,  ^»  into  the  under  compEirtment,  a,  of  tlie 
double  still,  through  the  manh  contained  there ;  becoming:  mixed  with  Tapours  of 
alcohol,  it  arrives  in  the  helm*  z^  and  further  melees  its  way  by  means  of  tlie  tube  h 
into  the  upper  part  of  the  double  still;  tJience  after  a  dnublo  rectification  it  is 
conveyed  by  means  of  tlie  tube  t  to  the  fore  warmert  c;  tlie  upper  part  of  tliis 
vessel  provided  with  the  tubes  aaa  acts  as  a  drphlegraator  or  separator,  tlie  con 
densed  lluid  flowing  into  e.  The  steam  which  arrives  from  tlie  upper  part  of  tlie 
still  passes  through  e,  and  thence  by  way  of  tJie  tubes  a  a  into  the  helm,  and 
the  lube  n,  which  latter  is  surround ed  with  the  vessel  n  kept  cold  by  meims  of  cold 
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water ;  the  dephlegtnation  continues  here.    From  n  th'  i  |  through  v  to  r, 

tin  apparatus  corresponding  to  the  fore-warmer,  c,  but  ut  hUiaUer  dimensions; 
Viccaufio  here  the  quantity  of  vapour  has  bocoine  greatly  reduced  wliile  it  hug  hticume 
licher  in  aJcohoL  The  deplilogmator  tulie.*,  nre  liere  surrfjumkd  I>y  cold  water,  not 
I J  cold  mash,  tlic  former  liquid  bL-in;^  constantly  renewed  so  as  to  Iceep  cukL  The 
ttemn  or  vapour  collected  in  the  helm,  h,  is  sufficiently  hidcn  with  alcoliol  to 
admit  of  being  st  once  conveyed  to  the  condenser,  g,  the  condensed  distillate  llowing 
out  at  r.     The  vinous  mash  is  first  poured  into  the  fore-wfurmer,  r,  whorciuJt  ia 


SPIRIT. 


439 


removed  by  opening  tlie  tap, p.  By  rnofins  of  the  tubes  qqq  tlie  roctifi<^ators  and 
condensing  appai-atus  are  supplied  with  cold  watur.  The  warm  water  from  the  con- 
dense is  conveyed  by  tlie  tube  r  into  the  boiler.  By  means  of  b,  the  steam  cpn  be 
fidmitted  to  tho  potato  vessels,  and  by  s  into  tlie  reserroir  n,  when  it  is  desired  to 
beat  the  water  it  contains  to  the  boiling-point.  Schwarz's  apparatus  possesses  tlie 
Advantage  of  being  easily  taken  to  pieces  and  cleansed.  But,  on  the  contraiy, 
among  its  disadvantages  are  the  folloTving : — the  construction  of  the  mosh-wamiera  is 
not  tjuite  suited  for  tlie  purpose,  while  also  the  condensed  liquid  in  e  is  not  brought 
sufficiently  into  contact  with  the  hot  steam  to  affect  a  Uiorough  distillation  or  recliti- 
cation.      The  steam  passes  so  quickly  tlirough   the  liquid  thafc  it  is  only  very 

Fig.  338. 
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imperfectly  deprived  of  its  wafer  (deplilcgma(ed)  whin  il  ruuclit-s  Uie  dcplilugmation 
wpparatus,  where  it  will  conscf|Utntly  be  but  inipi-rfi'dly  reolilied,  while  the  verlical 
Bteanipipeg  ofl'er  too  few  points  of  contact,  and  allow  much  steain  to  pass  off  willi* 
out  being  fully  condensed;  while  even  the  partly  condensed  vesicular  steam  ia 
carried  olf  along  with  the  condensation  escaping  steam.  The  condenser  itself  ifl 
uuperfect,  being  constructed  of  a  number  of  vertical  pipes,  through  which  tho  con- 
densed liquid  rapidly  falls  without  becoming  q^mte  cold,  and  in  order  to  obtain  a 
sufficient  condensatLon  an  immense  quantity  of  cold  water  has  to  be  used. 
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stomau'i  App«»tti».  Amoiig  Ui©  apparaius  capable  of  producing  a  large  quantity 
spirits  at  a  Bmall  cost  is  Lliat  of  Sionions.  Thk  apparatus  is  much  used  in  tlie  dis- 
tillation of  brandy.  It  consists,  Fiy:,  23 8»  of  two  mash- stills  set  in  a  boilor.  and 
capable  of  bblng  altcruatt^ly  used  (by  means  of  the  tbreo  cocks,  a,  h,  and  c),  in  the 
same  manner  as  in  Gall  s  apparatus,  larhilo  the  fore-warmer  and  dephlegmator  ia 
constructed  according  to  Siemens's  plan,  l  is  the  boiler ;  p  one  of  the  mash  -  retorts » 
K  is  the  low  wine  reciiver;  n  the  fore-wnrmer ;  a,  a  reservoir  in  which  the  condensed 
water  intended  as  fet^d  water  of  the  boiler  is  collected ;  c  is  the  dephlegmator ;  b  a 
reservoir  for  the  vapoui-s  condensed  in  c.  From  llie  deplilegmator  the  vapour 
passes  to  a  condenser  not  shown  in  the  engraving.  This  apparatus  is  constructed  of 
such  dimensions  that  it  can  perform  the  work  about  to  be  mentioned.  Tlie 
boUer  has  to  steam  about  5000  kilos,  of  potatoes  in  four  lots,  dining  from  40  to 
45  minutes  each,  and  should  tlius  be  capabk  to  yield  in  U^ree  hours  Hie  fiftli 
part  of  the  weight  of  tlie  potatoes  =  1000  kilos.,  or  in  one  hour  23i  kilos,  of 
steam,  wliich  renders  necessary  a  steam -generating  surface  of  about  11  square  me 
But  since  the  distillation  requires  steam  also,  this  generating  surface  has  to 
increased  by  about  20  per  cent,  and  should  consequently  be  ij's  to  14  square  metres. 
The  size  of  the  mash  stills  should  be  sufficiently  large  to  contain  with  ease  500  liti-es 
when  properly  filled ;  because,  as  already  stated,  the  fluid  from  a  is  not  returned  to 
ilie  still  but  to  the  steam  boilerp  the  stills  being  set  into  the  last-named  vessel  not 
becoming  externally  cooled,  whereby  the  quantity  of  water  carried  along  with  the 
vapours  of  spirit  is  compensated  for. 

The  mash  wanner  consista  of  a  cylindrical  portion,  t  i,  tlje  lower  part  of  which 
has  an  indentation,  c.  In  the  cylinder  is  placed  a  narrower  portion,  0  0,  of  tlie  real 
mash-containing  vessel  fitted  with  the  heating  tube,  /  ik  The  upper  part  of  the 
fore-wanner  is  fitted  to  the  lower  part  by  means  of  tlie  flange,  h  h.  r  is  a  stirring 
apparatus,  which  is  frequently  set  in  <:»ptration  during  the  process  of  distillation. 
The  vapours  from  the  second  still  arc  carried  into  tlic  depression,  c,  under  tlie  fore- 
warmer,  which  in  order  that  the  vnpotiis  may  come  into  contact  with  the  plilegma  is 
covered  with  a  sieve.  The  vapours  surround  the  under  part  of  the  mash  rt's*;A-voir 
and  enter  into  the  lube, /,  through  which  they  pa.s.s  to  the  lower  cylinder  of  the 
dephlegmator.  The  condensed  water  of  the  dephlegmator  is  conducted  into  the 
reservoir,  a.  The  upper  and  under  part  of  tlie  fore*warmer  are  made  of  cast-iron, 
but  the  interior  bottom  and  heating  surfaces  arc  made  of  copper.  This  kind  of 
lore 'Warmer  haa  tlie  advantage  of  unifonnly  distributing  the  heat,  wliile  it  can  b*» 
easily  cleansed.  Tlio  deplilegmator,  c,  is  so  contrived  tliat  tlio  rectified  vapour  can 
be  conveyed  to  the  condenser  by  two  separate  pipes  placed  in  an  opposite  direction 
to  each  other,  and  are  joined  again  in  close  proximity  to  tlic  condenser.  The 
remainder  of  the  details  will  be  seen  on  studying  the  drawing. 

C4»nitoajajmrtimnf  Amoug  the  distilling  apparatus  intended  for  tlic  distillation  of 
wine  (not  of  mash),  and  so  constructed  as  to  be  fit  for  continuous  worldng,  we 
must  not  neglect  to  mention  the  apparatus  of  Cellier-Blumenthal,  as  improved 
by  Derosne,  and  represented  in  Fig.  239,  Tliis  apparatus  consists  of  two  stills, 
A  and  a';  the  first  rectificator,  u;  tlio  second  rectilicator,  c;  Uie  wine  warmer  and 
dephlegmator,  n;  the  condenser,  r;  tlic  roguJntor,  e;  a  contrivance  for  regu- 
lating the  flow  of  t!io  fluid  wine  fiom  the  cistern,  o.  The  still  a',  which  as 
well  as  the   still  a  is  lilled  with  wine,  nets  as   a  steiuu  boiler.     The  low   wine 
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Tlie  sleam  from  tLe  still  a*  is  ciu'ried  hj  means  of  tlie  pipe  z  to  tjje  bottom 
tlie  stiU  A.  Both  stilla  are  heated  by  tlie  fire  of  the  same  ftimace.  By  m<<m]iA 
of  the  tube  u'  the  liquid  contiiined  in  the  still  a  can  be  run  into  the  still  a'.  The 
first  rectificator,  d,  contains  a  number  of  semi -circular  discs  of  niici|ual  size,  plac^ 
one  above  the  oilier,  and  which  are  so  fastened  to  a  vertical  centre  rod  that  they  caa 
be  easily  removed  and  cleansed.  The  larger  discs,  perforated  in  the  maimer  of 
sieves,  are  placed  with  their  concave  surfaces  upwards.  In  consequence  of  this 
arrangement  tlie  vapours  ascendint*  from  the  stills  meet  with  large  surfaces  moistened 
with  wincj  which,  moreover,  trickles  downwards  in  the  manner  of  a  cascade  from 
the  discs,  and  comes,  therefore,  into  very  intimate  contact  witli  the  vapours.  Th* 
second  rcctificator,  o,  is  fitted  with  six  compartments ;  in  the  centre  of  each  of  the 
partition  walls  (iron  or  copper  plates)  a  hole  is  cut,  and  over  this  hole  by  means  of  a 
vertical  bar,  is  fastened  an  inverted  cup»  wliich  nearly  reaches  to  the  bottain  of 
the  compartment  wherein  it  is  placed.  As  a  portion  of  the  vapours  are  condensed 
in  these  compartments  the  vapours  are  necessarily  forced  through  a  layer  of  low 
wine,  and  have  lo  overcome  a  pressure  of  a  column  of  liquid  2  centimetres  higli. 
The  fore-warmer  and  dephlegmator,  n,  is  a  horizontal  cylinder  made  of  cofipi^' 
fitted  with  a  worm,  the  convolutions  of  which  are  placed  vertically,  l*Iie  tube  m 
communicates  with  this  worm,  the  other  end  of  which  passes  to  o,  A  phlegnui 
collects  in  tlie  convolntions  of  this  tube,  which  is  richer  in  alcohol  in  the  foremoet 
windings  and  weaker  in  those  more  remote ;  this  fluid  collecting  in  the  loivcr  iwl 
of  tlie  spirals  may  be  drawn  off  by  means  of  small  tubes,  thence  to  be  transferred  ii 
the  operator's  pleasure,  either  all  or  in  part,  by  the  aid  of  another  tnl^e  and  eto]^ 
cocks  to  the  tube  o,  or  into  tlio  rectidcator.  By  means  of  the  tube  l  the  previously- 
warmed  wine  of  the  dephlcgmntor  can  be  run  into  tlie  rectificator.  The  condenser*  f, 
is  a  cylindrical  vessel  closed  on  all  sides,  and  containing  a  wonu  connnunicatijig 
with  the  tube  o.  The  other  end  of  the  condensing  tube  carries  tfie  distillate  a^ray- 
On  tl^e  top  of  tliia  portion  of  the  apparatus  the  tube  k  is  placed,  by  means  of 
which  wine  is  nm  into  the  dephlegraator.  The  cold  wine  flows  into  tlie  c^oalijig 
vessel  by  the  tube  j.  When  it  is  desired  to  work  with  this  apparatus,  tlio  fiist 
tiling  to  bo  done  is  the  fiUing  of  tlie  vessels  a  and  a'  with  wine.  Tlie  stop-cock*  k. 
is  then  opened,  w*herehy  tlie  tube  j»  the  condenser,  f,  and  the  dt^phlrgmator  are  filled 
with  wine.  The  wine  in  tlie  still  a'  is  next  heated  to  the  boiliug-poinl ;  the  6te*m 
enters  the  tube  z  and  is  condensed  in  a  until  the  wine  here  is  heated  to  the  bofiliBg- 
point  by  tlie  combined  effect  of  the  steam  and  the  hot  gases  circulating  in  the  fltt*. 
The  low  wine  vapour  then  passes  to  the  rectificator,  u,  and  thence  into  the  worm  of 
the  dephlcgmator,  d,  where  the  greater  portion  of  it  is  condensed,  the  phlegma  flowing 
backwards  into  the  rectilicator  As  soon  as  the  fore-wanner  is  so  far  heated  that  the 
hand  cannot  be  kept  in  the  hut  wine,  tbo  stopcock  of  the  vessel  E  is  opene*i,  a&d 
tlio  diblillatiDn  commences.  The  wine  which  is  conveyed  by  the  tnb©  j  into 
cooling  vessel,  f,  soon  begins  to  become  hot.  and  is  then  conveyed  to  the  fo 
warmer,  where  its  temperature  becomes  nearly  as  high  as  the  boiUng-point : 
means  of  the  tube  l  tliis  fluid  is  conveyed  into  the  reclifjerttor,  r,  and  thence  into 
the  still  A. 

Ab  soon  as  the  wine  in  the  still  a'  contains  no  more  alcohol,  the  stop-cock,  fitted  to 
the  lower  part  of  tlie  vessel  is  opened,  ftnd  the  viuasse  run  off  at  r,  tlie  still 
re-supplied   by  opening  the  stop-eock»  b'*      The    vapour  proceeds  in  the 
way,  but  in  a  reversed  direction ;  when  the  vapour  has  been  condensed  in  r  it  b 
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first  collected,  as  alcohol,  in  tlie  small  vesaeli  a,  provided  with  an  areometer,  and 
thcuce  conveyed  to  the  cistern,  H.  The  strengtli  of  the  alcohol  obtained  by  means 
of  tills  flpparatua  increases  with  an  increase  of  tlie  number  of  the  windings  of  the 
condenser  placed  in  tlie  dephlegmator  and  connected  \nih  the  rectilicator.  Practical 
experience  decides,  according  to  the  alcoholic  strengtli  of  the  mnes  to  be  distilled, 
and  the  qmmtity  of  pure  alcohol  desired  in  tlie  distUJate,  tlie  openin;,'  or  shutting: 
of  the  various  stop-cocks  of  this  apparatus.  Derosne's  apparatus  may  be  readily 
made  continuous;  for  this  purpose  it  is  only  necessary  to  fill  the  reservoir,  conden- 
sing apparotus,  and  rectilicator  ivitli  cold  water,  while  tlte  lower  portion  of  tlie  tube  i. 
is  closed. 
laoKier'i  At^ptratoi.  Lau-^cr's  apparatus,  shown  in  section  in  Fig,  240,  is  also  of  great 
nterest.  Notwithstanding  tlie  fact  that  Berosne's  apparatus  is  exceedingly  com- 
mendable for  great  economy  of  fueh  rapidity  of  distillatioEi  and  excellence  of  produci, 


1^ 


Fig,  240. 


the  apparatus  is  rather  of  a  comphcated  construction,  because  it  is  arranged  to 
distil  nil  Idnds  of  wine,  be  tlicy  weak  or  strong,  while  at  the  same  time  alcohol  of 
any  desired  strength  may  be  obtained.  Apparatus  of  the  construction  of  Laugier's, 
arranged  for  tlie  liist illation  of  one  kind  of  fluid,  wine  or  mash,  and  for  the  pro- 
duction of  a  dihtillatc  which  is  always  of  the  same  strength  of  alcoholt  may  be 
far  more  simply  constructetL  The  tluid  to  be  dittilled  fiows  from  the  tube,  i, 
into  the  funneh  p.  thence  into  the  vessel  a,  entering  its  lower  part  and  serving  to 
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oondenEB  the  alcoholic  vapour.  From  tliis  vessel  tho  warmed  fluid  pass<*8 
by  means  of  the  tube  r  into  the  lower  part  of  the  second  vessel^  b,  where 
dephlegmation  takes  place  by  meitna  of  a  condensing  tube.  Thence  the  floid 
flows  by  way  of  the  tube  c  into  the  second  still,  c,  which  is  heated  by  the  hot 
gases  evolved  from  the  fire  kept  burning  under  the  first  stiU,  n ;  'in  the  still  c  the 
fiuid  undergoes  a  rectification^  and  i}\e  vinasse  flows  by  the  tube  e  into  the 
still  1),  n  is  the  pipe  conveying  Ibe  hot  vapour  from  d  into  c;  the  tube  6  conreys 
the  alcohoho  vapours  into  the  depblegmator.  By  meaus  of  the  tube  d  \l\e  phlegina 
is  conveyed  into  the  still  c  ;  /serves  as  a  means  of  emptying  the  still  n;  g  and  A 
are  glass-gauging  tubes  for  indicating  the  height  of  tlie  iiuid  in  the  interior  of  the 
stili;  the  tube  I  conveys  the  non-condensed  vapours  from  the  depblegmator  into  the 
condensing  apparatus  ;  while  i  conveys  tbe  vapours  formed  in  the  veastl  n  int^  the 
condensing  apparatus.  Tbe  alcobol  condensed  in  the  coohng  apparatus  Jbws,  as  ia 
exhibited  in  the  cut,  into  a  vess<*l,  o,  provided  with  an  areometer  to  indicate  the 
strength  of  tbe  iluid.  The  coohng  apparatus  of  the  vessel  B  consists  of  &e%'eii 
compartments  or  divisions  formed  by  iWdo  spirals,  each  of  which  is  at  its  lower 
level  fitted  with  a  narrow  tube,  all  of  which  are  connected  to  tlie  tnbo  */,  by  w«y 

of  which  the  condensed  fluids  are 
^  '  made  to  flow  back  into  tlie  stilL    By 

properly  regtilating  the  boiling  of 
the  liquid  in  the  lirst  still  and  by 
adjusting  tlie  flow  of  wine,  tlie 
condensation  of  the  vapours  m  the 
depblegmator  can  be  lurangod  at 
will,  so  that  either  brandy  of  50 
per  cent  or  alcobol  of  above  80  per 
cent  be  obtained. 

Sometimes  an  opparatos  of  CTeii 

more   simple   constntction  is   ens- 

j/'wrTTT^If^'  "^S^  ploy'^d,  in  which  tlie  fluid   to    be 

distilled  is  heated  by  a  spiral  tube, 
through  which  high  pressure  steam 
is  made  to  circulate.  Such  an 
upparatus  is  exhibited  in  Fig,  241. 
A  ia  a  cast' iron  or  copper  cyliiKler* 
in  which  the  fluid  to  be  distiUcnl 
is  heated  by  a  spiral  tube  made 
of  copper;  the  inlet  of  this  tube  ia  ni 
/>,and  the  outlet  at  a ;  by  means  of  e 
the  vinasse,  devoid  of  ahjobol,  j&  rua 
off,  B  is  the  dephlegmator,  thrx>ugh 
which  the  fluid  to  be  distilled  eon- 
tinually  flows  in  a  downward  direction,  while  the  vapour  of  the  low  wine  evolvei  in  a 
ascends  uninterruptedly.  In  order  to  increase  tlie  surface  and  points  of  contJict  th« 
arrangement  in  the  deplegmator  is  very  diflererii.  Tlie  vapour  ascends  to  the  reservoir, 
s.  and  by  way  of  the  tube  f  enters  the  rccLiilcator,  r,  which  is  arranged  as  usual ;  the 
condensed  portion  returning  tlirough  h  to  the  depblegmator,  while  the  uncondcns«l 
vapour  passes  on  to  tlie  condenser  of  the  vessel  n  there  to  become   condensed 
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and  carried  off  through  m.  The  fluid  to  be  distilled  is  kept  in  a  tank  (not  represented 
in  the  cut)  placed  higher  than  the  apparatus,  being  conveyed  to  the  latter  by  way  of 
the  tube  L  i  fitted  with  the  stop-cock  k,  so  that  the  liquid  arrives  first  in  D,  is  next 
conveyed  to  c,  tlience  through  o  into  tlie  dephlegmator,  and  lastly  into  the  cylinder. 

RemoTinj^t^o^MioiiB,  j^  j^^s  been  already  mentioned  (see  p.  431)  tliat  m  addition  to 
ethylic  alcohol  there  arc  formed  during  vinous  fermentation — under  conditions  not  at 
all  clearly  understood  nor  scientifically  elucidated — ^larger  or  smaller  quantities  of 
alcohols  homologous  with  ethylic  alcohol ;  such,  as,  for  instance,  propylic,  butylic, 
amylic  alcohols,  which,  when  mixed  with  larger  or  smaller  quantities  of  complex 
ethers,  bear  the  name  of  fusel  oil,  a  fluid  which  imparts  to  the  etliylic  alcohol  (in 
the  shape  of  brandy,  gin,  wliiskey,  &c.)  a  ver}'  unpleasant  flavour,  also  rendering 
these  spirits  when  crude  very  injurious  to  the  human  system.  Fusel  oil  differs 
according  to  the  nature  of  the  mash,  potaU)es,  grain,  and  beet-roots  being  used 
in  its  preparation.  Fusel  oil  is  formed  in  large  quantity  only  when  fermentation 
takes  place  at  a  high  temperature  in  a  concentrated  saccharine  fluid,  while  no 
tartaric  acid  is  simultaneously  present.  A  fluid  which  ferments  at  a  low  temperature 
and  is  very  dilute  does  not  yield  fusel  oil,  at  least  no  amylic  alcohol,  which  also  is 
never  formed  in  such  wines  as  have  been  fermented  when  tartaric  acid  has  been 
present  in  the  fermenting  fluid. 

As  it  is  a  property  of  all  fusel  oils  tliat  they  are  less  volatile  than  water  and 
alcohol,  they  are  only  condensed  when  brandy,  gin,  whiskey,  &c.,  are  distilled  towards 
the  end  of  the  distillation  ;  while,  as  regards  the  distillation  of  the  alcohol  these  oils 
are  chiefly  met  witli  in  the  products  of  the  condensation  of  the  deplilegmators.  A 
portion,  however,  of  the  fusel  oils  comes  over  along  with  tlie  alcohol,  and  being 
very  intimately  mixed  therewith  is  not  readily  removed  from  these  fluids.  Potato 
fusel  oil  is  essentially  amylic  alcohol  (CsHijOj,  a  colourless,  very  mobile  fluid 
of  08 1 8  sp.  gr.,  of  penetrating  odour,  provoking  coughing,  and  of  a  burning  taste  ; 
it  boils  at  133°.  By  means  of  oxidising  agents,  such  as  manganate  and  per- 
manganate of  potash,  a  mixture  of  sulphuric  acid  and  bichromate  of  potash,  or 
manganese  as  well  as  platinum  black,  amylic  alcohol  is  converted  into  valerianic 
acid  (C5H10O2).  By  tlie  action  of  acids  tliis  amylic  alcohol  is  converted  into  peculiar 
kinds  of  ethers  in  the  same  manner  as  this  effect  is  produced  by  acids  upon  ordinary 
(ethylic)  alcohol.  Some  of  the  ethers  tlius  formed  exhibit  a  liighly  agreeable 
odour,  and  are  therefore  used  in  perfumery,  and  for  the  flavouring  of  sweetmeats, 
bon-bons,  &c. 

As  for  many  of  the  applications  of  potato-spirit  the  fusel  oil  is  a  disadvantage, 
the  spirit  has  therefore  to  be  submitted  to  an  operation  of  rectification  whereby  the 
fusel  oil  is  got  rid  of.  The  suggestions  which  have  been  made  for  this  purpose  refer 
cither  to  the  destruction  of  the  fusel  oil  by  oxidation  or  the  action  of  clilorine,  or  the 
masking  of  the  oil  and  its  conversion  into  less  disagreeable  compounds;  -partly 
also  to  a  real  removal  of  the  fusel  oil  from  the  spirit.  "When  the  fusel  oil  con- 
taining spirit  is  rectified  over  chloride  of  lime  (bleaching-powder) ,  permanganate  of 
potassa,  &c.,  valerianate  of  fusel-ether  is  formed ;  but  since  the  action  of  tliese 
reagents  is  not  limited  to  the  amylic  alcohol  but  extends  to  the  ethylic,  it  is 
very  diflicult  to  adjust  the  quantity  of  these  reagents  so  that  only  the  amylic 
alcohol  be  acted  upon.  If  the  spirits  from  which  the  fusel  oil  is  to  be  re- 
moved are  treated  with  a  mixture  of  sulphuric  acid  and  vinegar,  there  is  formed, 
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besides  some  acetic  ether,  acetate  of  amyU  n^jj^    [  0,  of  a  pleasant  fruity  flavour. 

Hydrocliloric  and  lutric  acids,  also  used  to  remove  ftiBel  oil,  act  in  a  somewliat 
similftr  maimer-  Tlie  most  approved  meOiod  of  removing  the  face!  oil  is  by  means 
of  Wi'll-bumt  charcoal  iYegetablo  cliai-coal,  charred  peat,  bone-black),  wlJch,  when 
brought  into  contact  with  tlie  crude  spirit,  absorbs  the  fusel  oil  mechanically.  By 
tlie  aid  of  charcoal,  spirits  and  brandy  [not  when  obtained  from  wine),  are  poriBed 
cither  in  the  state  of  vapour,  or  by  digestion  with  the  charcoal,  and  filtration  at  llie 
ordinaiy  temperature  of  the  air;  rectification  at  boiling  temperature  over  charcoal 
is  altugcfber  unsuitable,  owing  to  the  fact  thnt  the  fusel  oil  absorbed  by  tlie 
charcoal  is  again  readOy  dissolved  at  that  Icmpernture.  The  charcoal  to  be 
employed  is  granulated  and  i>assed  through  a  sieve  in  order  to  remove  adiie- 
ring  dust.  The  granulated  charcoal  is  placed  in  a  copper  cylinder,  fitted  at  top 
and  bottom  with  a  perforated  plate  or  disc;  this  cylinder  is  connected  with  thm 
diatilling  apparatus  between  the  deplilegmator  and  rectificator  in  such  a  manner  thaf 
the  vapours  pass  tlirough  the  charcoal.  To  100  litres  of  brandy  to  be  purified  5  to  5 
litres  of  granulated  choicoal  are  generally  rcfjuired ;  this  can  be  again  employed  afler 

having  been  re-burnt  at  a  bright  red  lieat.  Falkmaus 
apparatus  consists  of  a  lichn-sluiped  vessel,  a.  Fig.  ^42, 
in  which  the  perforated  diaphi-ngms,  hhh,  are  placed; 
upon  each  diaphragm  a  layer  of  charcoah  surmounted 
with  a  cover,  c,  is  placed-  The  apparatus  is  closed 
with  a  hollow  cover  containing  a  layer  of  charcoal, 
UtL  The  vessel  A  is  surroiuidcd  by  a  coolinjj  appn- 
nitUB,  which  in  the  cut  is  repreijcnted  by  the  c*dd  water 
i  iilM'^,//y,  and  the  hot  water  (which  becomes  hot  by  the 
iige  of  alcoholic  vapours  through  a)  tubes,  eeee : 
nil  se  serve  the  purpose  of  regulating  the  temperature 
of  the  layers  of  charcoal. 

vuiidof  AkMiu>t.  The  quantity  of  alcohol  obtainable  from 
any  given  substauce  does  not  only  depend  on  the  rela- 
tive quantity  of  tlio  olcohobforming  constituonto 
(starch,  dextrose,  or  cane  sugar)  of  tlie  raw  material  opplicd  for  the  purpose 
of  distillation,  but  depends  very  largely  also  on  the  more  or  lees  suit^Me  mode 
of  conducting  all  the  operations  of  the  spirit  dislilktion  (mashing,  furmentation>,  in 
properly  constrmcted  apparatus.  Leaving  out  of  the  qviestion  the  small  quantitara 
of  glycerine  and  succinic  acid  formed  by  vinous  fermentation,  chemistry  teaches 
tliat :— 

100  parts  of  starch  yield  5678  of  alcohol. 

100       „       cane  sugar       „      53  80 
100       „        dextrose  „       5101 

Eatpcrience  teaches  that  tlie  yield  of  alcohol  is  in  pi-aclice  lesa  tlian  it  should  be, 
premising  that  every  i  mob  of  starch  or  sugar  yields  2  mols.  of  alcohol ;  100  ports  of 
cane  sugar  do  not  yivbl  in  practice  Uie  quantity  of  alcohol  above  indicated— vir.  SJ'S 
parts,  but  only  51*  L 
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100  kilos,  of  barley  give  4464  litres  of  com  brandy  at  50°  Tralles. 

100       „        barley-malt     „     5496       „         „ 

100        „        wheat  „     49*22       „ 

100        „         rye  „     45-80 

100       „        potatoes  „     18*32       „        potato  spirit      „ 

6  litres  (quart  or  maas)  of  brandy,  from  the  metrical  hundredweight  (hectolitre,  &c.), 
is  reckoned  to  yield  6X50  =  300  per  cent  alcohol;  7  litres,  consequently,  350; 
8  litres,  400.  8  litres  at  48  per  cent  Tralles  =  384  per  cent  alcohol.  The  number  of 
litres  of  brandy  or  spirit  multiplied  by  tlie  alcohol  in  percentage  according  to 
Tralles  therefore  yield : — 

metrical  cwt.  of  barley  4464  X  50  =  2232  per  cent  alcohol. 

i>  »t       barley-malt  5496X50=2748         „  „ 

„  „       wheat  49-22X50=2461 

rye  4580X50=2290 

„       potatoes  1832X50=   916         „  „ 

Usually  I  Bavarian  maas  is  taken  as  equal  to  1069  litres,  i  Prussian  quart  =  1145 
litres. 

In  quoting  the  prices  in  the  following  foreign  markets,  it  is  usual  to  take  as 
a  unit — 

In  Breslau  4,800  (  60  quarts  at  80°}. 

In  Berlin  10,800  (200        „        54''). 

In  Magdeburg     14,400  (180        „        80"). 

Recently  it  has  become  general  to  adopt  as  a  unit  8000  (100  quarts  at  8o*j. 

Aicohoiometiy.  For  the  purposc  of  ascertaining  the  quantity  of  alcohol  contained  in  a 
fluid  which  consists  only  of  alcohol  and  water,  the  areometer,  or  alcoholometer,  is 

Aiwonietcr.  generally  employed.  The  vaporimeter  and  tlie  ebullioscope  (see  p.  395) 
are  seldom  used.  The  application  of  the  areometer  is  based  upon  the  principle  that  a 
body  immersed  in  a  fluid  (for  instance,  water)  always  displaces  a  quantity  of  water 
equal  to  its  own  volume,  and  loses  in  weight  proportionately  to  tlie  quantity  of  water 
displaced.  It  therefore  follows,  that  by  the  depth  to  which  the  areometer  sinks,  as 
noted  by  the  degrees  on  the  spindle,  we  can  determine  the  quantity  of  absolute 
alcohol  contained  in  the  fluid  under  examination.  The  areometer  of  Tralles  and  tliat 
of  Bichter  are  most  generally  used  in  Germany.  Stoppani's  is  similar  to  tliat  of 
Richter.  Both  are  centesimal  alcoholometers  and  show  by  the  number  of  tlie  degree 
to  which  they  sink  the  percentage  of  pure  alcohol.  The  difierence  between  tliese 
two  instruments  consists  in  that  the  areometer  of  Tralles  indicates  percentage  by 
volume,  and  Richter's  percentage  by  weight.  Tralles's  alcoholometer  is  much  used 
in  the  Zollverein  (German  Custom's  Association,  viz.  of  tlie  various  States  constitu- 
ting, with  the  exception  of  Luxemburg,  the  Gennan  Empire)  for  the  purpose  of 
ascertaining  the  alcohol  contained  in  spirituous  liquors  (at  14*44°  R.) ;  in  Austria  tlie 
same  instrument  is  used,  with  |i  difference,  however,  in  the  temperature  at  which 
the  observation  is  made,  the  degree  of  the  thermometer  being  usually  taken  at 
12'R.  (=i5*'C.) 

The  following  table  exhibits  a  comparison  of  both  scales,  and  with  the  true 
weight  per  cent,  along  with  the  corresponding  specific  gravity  at  a  temperature  of 
15*  C.:— 
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0-990 
0-981 
0972 
0964 
0956 
0947 

0-937 
0926 
0-915 
0*906 
0899 
0-883 
0873 
o'86:j 
0-850 
0*818 
0827 
0815 
0805 
0795 


True  weight 
per  cent, 

4*99 

IX'II 

i8*ia 

«4*83 
29-82 

35*29 
4066 
4600 
5x02 
5485 
60-34 
6479 
6979 
74-66 
7881 
8372 
88-36 

9«54 
9677 
99-60 


Approximate  weight        PerceoiAga  of 
per  cent  ftccordkig      TolnmG  According 
to  Biohtor,  to  TmUes- 


5 
10 

15 
20 

25 
30 

35 
40 

45 
50 

55 
60 

65 
70 

75 
80 

S5 
90 

95 
100 


623 

»575 

22*20 
3016 

3<5'5o 

42  12 

48*00 

55-66 
5882 
6265 
6796 
72*12 
76-66 
80-36 

84'43 
88-34 
91-85 
9505 
97'55 
9975 


The  most  usual  alcoholometer  is  that  which  indicate  a  the  percentage  of  rolame,  or  how 
many  Tolmues  of  absolute  alcohol  there  are  contained  in  joo  volumes  of  the  alcoholic 
fluid.  Brandy  of  50''  Tralles  in  therefore  understood  to  he  a  spirit,  roo  litres  of  whi:h 
contain  50  litres  of  alcohol ;  und  from  which  by  distillation  these  50  litres  of  alcohol  can 
bo  extracted.  Considering  that  when  alcohol  and  water  rue  mixed  a  considerable  contrac- 
tion and  decrease  of  bulk  ia  the  result,  it  is  clear  that  50  litres  of  alcohol  (absolute  is  here 
ueftDt)  and  50  litres  of  water  will  only  yield  a  mixture  measoiing  96-377  litres ;  Mid 
ftccordingly  100  litres  of  such  a  fluid  contain  instead  of  50  litres  of  alcohol,  5i-S8  litres  ol 
thAt  liquid,  ^ 

•   B»i««oo  at  ii«snd7         The  relation  of  the  distillation  industry  to  agriculture,  and  more 
Dbiizuuf  w  Atricttitow.    eppwiially  as  a  tncane  of  providing  fodder  for  cattle,  if  wry  int rp'^ing 
iod  important.    The  distiUation  of  spirits  leaves  a  residue  which  may  be  n 
IS  fodder  for  cattle ;  the  distillatory  process  extracts  fr5m  the  slarch-coiii 
waioh  w«  employed  only  the  alcohol  which  is  formed  in  tbfi  mash  by  ferrat  in 
Imtm  behind  in  a  coucentraUd  state  all  the  nutritive  aabst&noes  (esp^ciftU 
OompouiidB),  which  not  being  acted  upon  by  the  fermentation,  are  left  in  the  i 
almost  the  same  state  as  they  were  originally  prtstnt  in  the  potatoes  and  groin  m:i 
of  by  the  distiller.     It  is  evident  that  when^he  eiiiensea  of  the  production  of  the    , 
are  paid  to  the  diittiller,  the  renidnesof  the  operation  become  a  valuable  material  obtttiiic  1 
coat  free,  the  proiliietion  of  which  is  an  important  item  in  this  industry. 

Viewed  in  the  light  of  agricuUural  industry  the  preparation  of  liplrits  from  potato^H^ 
beeomei  in  reidity  a  chemical  decompofdtion  of  the  mibstanoes  of  which  |M)tatoes  ar«  0^<4|H 
posed  r  and  a  product  of  a  relatively  far  greater  vol  tie,  and  more  readily  tramportalw^V 
and  preservable — vijc.,  spirits  and  waih,  and  fodder  mutt  rial. 

Th«]U«t4tu«Arw«<tL  The  wash  in  a  fluid  in  which  starch;  dextrine,  pectin  roUstaneos,  ^v 
UAn  oompoimds,  fat.  amall  quantities  of  angar,  busks  of  grain,  succinic  acid,  glyoenoc, 
•altt,  and  some  of  the  constituents  of  yeaat  are  met  with,  partly  in  solution,  partly  sos- 
pended,  while  some  of  these  materials  are  more  or  lees  dt composed  and  altered.  The 
quantity  of  dry  substance  only  amounts  to  from  4  to  lo  per  cent ;  this  is  due  to  the 
Tuying  nature  of  the  raw  materiat,  to  the  quantity  of  water  used  in  maahing,  and  to 
tiie  nneqitml  ^ttanttty  of  water  absorbed  by  the  fermented  mash  during  the  proerJ*  of  di^ 
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Bitthausen  analysed  several  varieties  of  wash  with  the  following  results,  the  projKJrtion 
of  di7  substance  to  the  water  being  in  (I.)  as  i :  7-3  ;  in  (II.)  as  i :  6  ;  in  (III.)  as  i :  4*08 ; 
in  ^V.)  as  1 : 4 ;  in  (V.)  as  i :  3  :— 

I.  n.  m.         IV.         V. 

Non-nitrogenous  substances  278  3*23  3*08  4*14  5*31 

Protein  compounds     ..     ..  0*82  1*04  1-26  1*39  178 

Cellulose       0*46  0*43  0*94  078  i-oo 

Ash        0*52  0*59  072  079  i*oi 

Water 95*40  9471  94'oo  92*90  90*90 

When  in  a  distillery  potatoes  and  malt  are  always  used  in  equal  quantities  and  of  the 
same  quality,  and  the  mash  made  at  the  same  degree  of  concentration,  the  wash  will 
always  be  of  nearly  as  possible  the  same  composition.  It  may  be  assumed  that,  on  an 
average,  three-fourths  of  the  solid  matter  met  with  in  the  wash  is  nutritive;  the 
proportion  of  nitrogenous  to  non-nitrogenous  matter  is  on  the  average  as  1:3,  while 
in  the  potato  it  is  only  as  i :  S.  When  the  potatoes  are  converted  into  wash  they  lose 
the  greater  part  of  their  non-nitrogenous  matter,  and  thus  become  a  fodder  rich  in 
protein  compounds.  In  practice,  150  to  250  kilos,  of  potato  mash  are  considered 
equivalent  to  50  kilos,  of  hay. 

DryYewt.  By  the  fermentation  of  the  beer- wort  containing  hops,  yeast  is  pro- 
duced in  large  quantities,  and  this  is  used  in  most  cases  when  it  is  desired  to  induct 
a  vinous  fermentation ;  but  for  some  purposes,  such  as  bread -making  for  instance, 
tliis  yeast  is  not  applicable  owing  to  its  containing  much  of  the  bitter  principle  of 
the  hop,  and  therefore  possessing  a  very  disagreeable  flavour.  This  bitter  principle 
may  be  removed  by  thoroughly  washing  with  cold  water,  or,  as  recommended  by 
Trommer,  by  first  dissolving  the  yeast  in  a  solution  of  caustic  alkali,  and  then  pre- 
cipitating it  therefrom  by  means  of  dilute  sulpliuric  acid  :  such  proceedings,  how- 
ever, always  impair  the  efficacy  of  the  yeast  as  a  ferment,  and  the  additional  amount 
of  time  and  labour  required,  necessarily  enhances  the  price  of  the  yeast.  The  pro- 
duction of  yeast  in  breweries  is,  moreover,  only  a  subordinate  affair,  tlie  main 
point  being  the  preparation  of  beer  of  good  quality.  The  production  of  yeast, 
although  it  can  only  be  obtained  by  vinous  fermentation,  is  best  combined  with  the 
distillation  of  spirit,  whereby,  if  desired,  the  preparation  of  dry  yeast  may  |)e  made 
a  principal,  and  the  production  of  spirit  to  a  certain  extent  a  ^subordinate, 
affair. 

We  have  in  a  former  portion  of  this  work,  while  treating  on  fermentation  in  general, 
explained  the  mode  of  formation  and  the  nature  of  the  yeast,  and  tliat  this  yeast  has 
been  proved  by  experience  to  be  best  fed  and  most  rapidly  propagated  by  the  glutei 
and  other  protein  compounds  of  the  cereals  in  solution.  Yeast  may  be  made  in  various 
ways.  At  Schiedam  (Holland)  it  is  made  of  excellent  quality  by  a  mode  which  is  to 
a  certain  extent  a  trade  secret — and  differs  materially  from  tlie  following  process : — 
A  mash  is  made  in  the  ordinary  manner  of  i  part  of  bruised  barley  malt  with 
3  parts  of  bruised  rj'c,  the  mash  being  cooled  with  the  fluid  portion  of  the  wash. 
To  100  kilos,  of  the  bruised  grain  is  added  0*5  kilo,  of  carbonate  of  soda  and  o'35 
kilo,  of  sulphuric  acid 'diluted  with  water;  these  ingredients  having  been  added  to 
the  mash  it  is  brought  to  fermentation  by  the  aid  of  yeast.  The  newly-formed 
yeast  is  removed  from  the  strongly -fermenting  fluid  by  the  aid  of  perforated  ladles 
it  is  then  strained  through  a  linen  cloth  or  fine  sieve,  and  poured  into  cold  water, 
wherein  it  is  allowed  to  form  a  sediment.  The  sediment  thus  produced  is  col- 
lected after  the  supernatant  water  has  been  run  off,  is  placed  in  a  stout  canva£ 
bag  under  a  press,  and  formed  into  a  stiff  clayey  dough,  to  wliich  usually  4  to  ic 
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(sninetunes  as  much  as  24)  per  c*^iit  of  dry  p^itiito  starch  is  addeil.  Sometimes  the 
wftter  is  removed  from  the  yoast  by  placing  that  substance  upon  slabs  made  of 
gypsimi  or  other  nbsorbont  materials,  care  beinj^f  taken  to  keep  the  rert&t  in  a 
cool  place ;  by  Uie  use  of  the  hydro-extractor— expi*ossly  arranged  bb  regards  iu 
construction  for  this  purpose — yeast  may  be  very  rapidly  rendered  dry.  As  reg 
Ihe  use  of  the  earhouate  of  soda,  it  appears  to  assist  in  the  separation  of  llie  git 
tinous  coniitituents  of  the  cereals;  the  a<^tion  of  the  sulphuric  acid  is  piirUy 
similar,  nnd  it  aUo  prevents  the  ffinuation  of  luetic  acid,  ivhich»  if  formed »  causes 
a  loss  of  bitth  sttircli  and  iipirit ;  the  salphtiric  acid  also  accelerates  the  separation  of 
the  yeast.  According  to  communications  by  some  of  tJic  most  eminent  distillers  at 
Schiedam  to  Dr.  G.  J.  Mulder,  neitlier  mda  nor  stdphuric  acid  arc  used  at 
Schiedam  in  the  preparation  of  what  the  tratlc  terras  drj'  or  German  yeast,  some  of 
which  is  imported  into  Urn  country'  from  Hnmhurjjf.  Assuming  the  researches  of 
Pasteur  and  others  on  fermentation  to  he  correct,  these  ohservatioDs  are  of  great  Talnn 
in  reference  to  the  manufacture  of  3'east.  It  ia  found  that  the  yeast  sporuhti  become 
properly  developed  when  they  are  placed  in  a  Jluid  which,  instead  of  containing 
protein  compounds,  consists  ot  aqueous  saline  solutions  mixed  with  a  $iigar 
solution,  such  as»  for  instance — tartrate  of  ammonia,  phosphate  of  potash,  gypamo. 
phosphate  of  magnesia.  It  would  hence  apjieiu*  tliat  under  such  conditions  yeast 
cells  take  up  the  material  fiir  the  propagation  of  new  cells,  purtly  from  inorgamc 
mibfitances,  partly  from  or^^anic,  %i2,,  the  decomposiug  sugar  which  ^elib 
carbonic  acid:  in  tliis  respect  tlie  yeast  cells  agree,  then,  i^ith  higher  orgauiaed 
plants.  As  regards  the  quantity  of  yeast  obtainable  fiom  a  given  weight  of 
mBterials,  it  may  be  stated  that  fiom  100  Idloa.  of  rye,  including  the  broiBed  maJt. 
about  15  to  16  kilos,  of  dry  yeast  can  be  obtained.  As  the  fjuantity  of  real  jeast 
or  of  the  mtrogeuous  matter  for  sale  present  in  t!ie  ready  prepared  dry  yeast  amotuita 
at  the  most  in  20  per  cent,  the  nutritive  value  of  the  wasli  obtained  after  tiie  dja* 
tilUng  off  of  the  i^pirits  from  the  fermented  liquid  is  but  little  impaired, 

80-uU^  Aitueiid  voAiit.  We  have  yet  to  refer  to  what  is  termed  artitieiftl  yeast,  in  reality 
A  fiubBtoncd  only  intended  for  transferring  the  fenuentuliun  of  tlic  vurt  i*r  maj^i  in 
activity  to-day  to  a  freeh  batch  to-morrow,  so  that  it  bears  the  Bume  relation  to  the 
spirit  prepamtion  as  leaven  does  to  bread-baking.  Tbere  are  a  ureat  tmmlw*T  of 
recipes  for  the  preparation  of  artitidal  yeast  and    of  artilicial    ferroeutati  r-t* 

sabfitaneeg ;  an  far  iis   thetie  are  known   iliey  may  be  brought   to   the   foil  u-- 

gorice: — i,  A  sniiill  quantity  of  fully  nnd  strongly  feniuuting  mash  is  inr.^u  unb 
frvsh  mnsb.  2.  A  BUiidl  quantity  of  the  j3uid  portion  of  the  ferment iiig  iJiAsih 
IB  cautioui^ly  drawn  off  liy  the  aid  of  a  syphon,  and  thi.s  iiortiim  having  been  *#t 
mto  fermentation,  is  ndded  to  the  freshly  made  mash  of  the  next  day.  5,  As  soon 
as  in  the  hiHt-mikde  moi^h  the  fermentation  in  fltrongest  and  most  active,  a  small 
quantity  of  the  ferment  {yeast)  Keparated  from  tlie  fluid,  and  tlcmting  on  itf*  Furfuce,  10 
mixed  with  frehhly  miule  mash,  the  t*  niperatnn:!  of  which  bus  been  purposely  mad'e 
Hvfficiently  hi^h  to  Htart  tlie  ferment ntion.  Tlie  mash  thns  pnpnrt  d  nmy  \  f^  ■  '  -  'frt 
a  few  hours  to  induce  fermentation  ju  a  fitwhly  made  mnfth.     A  really  art  1  ^1, 

that  is,  yeast  only  i>repared  for  the  purpoHO  of  olittunin;?  that  tiubbtance  b;  ind 

independent  of  eitli»T  Irewing  or  distiUini^,  iw  matte  in  variouK  ways,  but  alwayt*  by  14  real 
proct?sa  of  femientatiuo-  As  an  eieellent  iufitance  of  this  mode  of  prepai'tttiou,  we  rjuotfl 
the  mode  of  preparhig  Vienna  yeast : — 

VIMIU1& Y«a«t.  This  yeast  13  prepared  in  the  following  manner: — PrevioiiKly.maltcd 
barley,  maTs,  and  rya  are  ^onnd  up  and  mixed,  next  put  into  water  at  a  teinpemtttro  of 
63"  to  75*;  after  a  few  hours,  the  saccbarine  liquid  in  decanted  from  the  dregs,  and 
the  dear  liquid  lirongbt  into  a  state  of  formentation  by  the  aid  of  some  yert^t.  The 
fermentation  becomes  very  strong,  and,  by  the  force  of  the  carbonic  acid  wbieh  h  evolvwi, 
the  jeait  globules  (the  size  of  which  avcragei  from  10  to  12  m.tn.)  are  carried  to  tht 
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surface  of  the  liquid,  and,  fonning  a  thick  scnm,  are  removed  by  a  skimmer,  then  placed 
on  cloth  filters,  drained,  washed  with  a  little  distilled  water,  and  next  pressed  into 
any  desired  shape  by  means  of  hydraolic  pressure,  and  covered  with  a  strong  and  well 
woven  canvas.  This  kind  of  yeast  keeps  for  eight  to  fourteen  days  according  to  the  season, 
and  is,  both  for  bakers  and  brewers,  very  superior  to  that  ordinarily  used  ;  the  extra  good 
qualities  of  Vienna  beer  and  bread  are  partly  due  to  the  use  of  this  yeast  in  preparing 
these  articles. 

Doty  on  Spirits.  In  the  Original  work  a  couple  of  pages  are  devoted  to  an  uninteresting 
discussion  on  this  subject,  which,  as  might  be  expected,  has  been  treated  not  from  a 
general  point  of  view  but  from  one  bearing  upon  conditions  which  are  altogether 
different  from  those  existing  in  this  country.  There  can  be  no  doubt  that  a  duty 
on  spirits  is  a  very  excellent  thing ;  indeed,  in  this  country  this  tax  brings  in  such  an 
enormous  sum  as  to  lead  to  the  inierence  that  spirits  are  consumed  in  larger  quantities 
than  is  consistent  with  healthy  conditions  of  body  and  social  comfort. 


Bread  Baking. 

Model  of  Bread  Making.  The  preparation  of  bread  aims  at  tlie  production  in  the  flour 
obtained  by  grinding  up  the  cereals  of  such  a  chemical  and  physical  condition  as 
will  tend  to  render  it  most  readily  masticated  by  the  teeth,  and  after  having 
been  duly  mixed  with  saliva  in  the  moutli,  digested  by  the  juices  of  the  stomach. 
When  flour  is  mixed  with  water  so  as  to  form  a  dough,  and  this  mixture  dried  at  the 
ordinary  temperature  of  the  atmosphere,  a  kind  of  cake  is  obtained  which  contains  the 
starch  unaltered  and  in  an  insoluble  state,  so  that  this  kind  of  cake  is  very  difficult 
to  digest,  while,  moreover,  its  taste  is  so  unpleasant  as  to  create  no  appetite. 
Again,  if  Uie  cake  is  dned  at  the  boiiing-point  of  water,  it  becomes  like  a  dried 
starch  paste,  which  is  also  very  difficult  to  digest.  When  this  temperature  only  acts 
upon  the  surface  of  such  dough,  and  does  not  penetrate  into  the  interior,  the  resulting 
cake  will  be  a  mixture  somewhat  similar  to  ship's  biscuit,  which  may  always  be 
considered  as  a  strongly-dried  dough,  and  although  it  may  be  preserved  for  almost 
any  length  of  time,  it  is  far  less  digestible  than  bread.  The  object  of  the  baking 
process  is  to  impart  to  the  dough  so  high  a  degree  of  heat  as  to  render  the  starch 
soluble,  while  it  is  further  desired  to  form  a  light  spongy  mass,  instead  of  a 
brittle  or  watery  paste ;  the  heat  should  be  strong  enough  to  terrify  and  roast  the 
outer  surface  of  the  bread  mass  to  such  an  extent  as  to  form  a  deeply  coloured 
crust,  whereby  not  only  the  taste  of  the  bread  is  greatly  improved,  but  it  can 
also  be  kept  in  good  condition  for  some  time.  The  usual  means  of  rendering 
dough  spongy  is  by  vinous  fermentation  set  up  by  the  addition  of  a  ferment,  this 
being  either  leaven  or  yeast ;  a  small  portion  of  the  starch  of  the  flour  is  thus 
converted  into  glucose,  which  is  then  decomposed,  yielding  alcohol  and  carbonic  acid 
gas ;  the  latter,  while  trying  to  escape,  is  prevented  from  doing^  so  by  tlie  toughness 
of  the  dough,  wliich  is  thereby  rendered  spongy. 

The  alcohol  is  of  no  consequence  whatever.  White  bread  is  prepared  with 
wheaten  flour  and  yeast ;  rye  meal  or  a  mixture  of  rye  meal  and  wheaten  flour  with 
leaven,  yields  "  black"  or  rye  bread.  Heeren  found  that  flour  in  the  state  in 
which  it  is.  usually  applied  for  bread  baking  contains  an  average  of  13  per  cent 
moisture. 

The  Detaih  of  Bread  BaUog.  The  raw  materials  employed  in  tlie  preparation  of  bread  are 
flour,  water,  and  a  ferment,  salt,  spices,  &c.,  are  also  used.  The  composition  of  the 
most  important  kinds  of  flour  and  meals  is  as  follows : — 
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a* 

b. 

e. 

A 

1554 

14-60 

14-00 

1 1 70 

i'34 

1-56 

1*20 

124 

176 

3*92 

3'6o 

3**5 

0*37 

090 

1*34 

015 

5*19 

7-36 

8-24 

1484 

350 

-= 

— 

— 

2-33 

346 

3*04 

Z19 

625 

410 

^^3 

2-8i 

1-07 

r8o 

Z23 

567 

63-64 

6428 

5315 

58-13 

— 

— 

685 

— 

Water 

Albumen       

Vegetable  glue     

Casein   «..     •* 

Fibrin    ..* 

Glnten 

Sugar 

Gum 

Fat         ...     

Starch  ... •*. 

Sand      ... 

a.  Wheat  flour,    b.  Bje  meal.    c.  Bni'l^  meal,    d.  Oatmeal. 

Li  additton  to  these  kinds  of  mad,  those  derived  from  xea-mais  {Indiaji  corn) 
beans,  peas,  Jkc,  are  occasionally  oraplojed  for  making  bread. 

The  princip[d  phases  of  tJie  preparation  ure  :^- 

^^^i'lhJicLSdiS!**'  ^'  ^^^^  mixing  of  the  tlour  witli  water  is  tlie  first  mauipuktion 
of  the  bakiug  process.  The  object  of  this  operation  is  first  to  render  dextrin  and 
sugar  (owing  to  the  action  of  the  gluten  upon  tlie  starch,  the  quantity  of  sugar 
becomes  increased  while  the  mixing  process  is  going  on)  and  some  albuminous 
substances  soluble,  and  next  to  mix  tlie  solution  tJius  formed  tJioronghly  witli 
tlie  starch  and  gluten  of  Uie  flour^  and  to  soak  and  somewhHt  riiHs<>ciatfl  these 
substimces ;  dry  yeast  or  leaven  are  at  the  same  time  added  to  the  bread  mass,  the 
fonner  ferment  being  used  when  it  is  intended  to  make  wliite;  the  hitter  when 
black  bread  is  desired  to  be  made. 

By  sour  dough  or  leaven  is  understood  that  portion  of  tlie  already  fermenting 
dough  which  is  set  apart  and  kept  for  the  next  baking  operation ;  it  consists  of  a 
mixture  of  flour  and  water,  in  which  a  portion  of  tlie  starch  is  convi*rted — 
partly  into  sugar,  which  is  again  changed  by  vinous  fermentation,  and  acetic 
itcid— but  chiefly  into  lactic  acid,  by  tx  process  of  fciinentfltion  set  up  by  the 
peculiar  conversion  into  active  fermei)t43  of  the  protein  compounds  of  the  llonr 
itself.  Leaven  therefore  acts  as  a  fennentation -producing  substance  in  a  frosh 
batdi  of  dough,  its  action  being  similar  to  tlmt  of  yeast,  or  of  already  fermenting 
wort  when  added  to  a  freshly  made  wort.  After  a  length  of  time  tlic  leaven 
becomes  putrid  and  unfit  for  use  as  a  ferment.  As  regards  the  quantity  of  leaven 
to  be  UE»ed  with  tlie  dough  notliing  delinile  oan  be  said,  since  it  depends  oa 
much  on  tlio  degree  of  sourness  of  tlie  leaven  aa  on  the  quality  of  the  bread  in- 
tended to  be  made ;  usually  4  parts  of  leaven  are  added  to  100  parts  of  flour,  or  to 
80  parts  of  bread  3  parts  of  kavcn.  In  the  case  of  wliite  bread,  100  parts  of  Uour 
require  2  parta  of  dry  yeast.  Tlie  mixing  of  tlie  flour  is  effected  witli  lukewanu 
water,  at  a  temperature  of  from  21"  to  37". 

The  tliin  dough  obtained  from  flour,  water,  and  ferment,  is  dredged  over 
witli  dry  flour,  and  placed  in  a  warm  situation  for  a  time,  generally  during  the 
mght.  Fermentation  is  thus  act  up  by  the  action  of  tlie  frrment  upon  Uio  dextrose 
of  tlio  do^gb,  the  carbonic  acid   developed  rendering   the   dough  spongy.     The 
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sponge  thus  prepared,  is  next  mixed  with  more  flour  to  bring  it  to  tlie  consistency 
required  for  the  baking,  this  operation  being  known  as  the  kneading  of  the 
sponge.  The  method  usually  employed  in  these  operations  is  that  one-third  of 
the  total  quantity  of  flour  required  for  a  batch  is  mixed  first  with  water  and 
ferment,  and  when  this  mass  has  come  into  full  fermentation,  the  two  other  thirds 
of  flour  are  kneaded  up  along  with  the  sponge,  sufficient  water  being  added  to 
form  a  normal  dough.  After  the  kneading  operation  the  dough  is  again  dredged 
over  with  some  dry  llour,  and  left  in  a  warm  situation  for  the  purpose  of  becoming 
thoroughly  spongy :  for  this  continued  fermentation  oidy  about  half  the  time  is 
required  as  for  the  first-mentioned  fermentation.  In  most  bakeries,  however,  this 
second  fermentation  is  not  proceeded  with,  but  the  dough  is,  immediately  after 
having  been  kneaded,  cut  up  and  shaped  into  loaves. 

By  means  of  tlie  kneading  the  dough  becomes  squeezed  together,  and  has,  there- 
fore, again  to  be  left  in  a  warm  situation  for  further  fermentation,  during  which 
it  heaves  up  and  increases  to  double  its  size.  The  dough  is  genera%  put  either  into 
a  basket  or  tied  in  a  stout  cloth,  which  is  previously  dusted  over  with  bran  to 
prevent  the  pasty  mass  adhering  to  the  cloth.  The  bulk  of  the  dough  increases 
twofold.  When  rye  bread  is  made,  the  dough  is  frequently  moistened  on  its 
external  surface  witJi  lukewarm  water,  applied  by  the  aid  of  a  brush,  in 
order  to  prevent  cracks  in  the  outer  coating  of  the  dough  by  the  evaporation 
of  the  water;  just  before  putting  the  loaves  into  the  oven  this  brushing  over 
with  water  is  repeated.  The  water  softens  the  outer  surface  of  tlie  dough, 
and  dissolves  some  of  the  dextrine  it  contains,  which  substance,  after  the  evapo- 
ration of  the  water  from  the  surface,  remains  as  a  glaze  upon  the  crust  of  this 
kind  of  bread.  When  the  loaves  have  risen  sufficiently  and  exhale  a  vinous 
peculiar  odour,  it  is  time  to  commence  the  baking  process.  Since  the  bread  loses 
considerably  in  weight  during  the  baking,  the  baker  must  proportion  so  much  dough 
to  each  loaf  before  baking  as  will  yield  the  legal  weight  of-  the  baked  bread.  The 
weight  of  dough  to  be  proportioned  to  a  loaf  of  a  certain  fixed  weight  varies 
according  to  the  size  of  the  loaf,  but  increases  comparatively  with  decrease  in  the 
size  of  the  loaf.  The  dough  generally  loses  in  baking  about  25  per  cent  of  its 
weight.  The  smaller  the  loaf,  the  more  crust  in  proportion  to  crumb ;  and  since  the 
crust  contains  less  moisture,  and,  consequently,  weighs  less  than  the  crumb, 
the  loss  of  weight  is  greater  in  a  small  than  in  a  large  loaf. 

Kneading  Mftchine*.  The  kneading  of  the  dough  by  hand  is  not  only  very  heavy 
work,  but  is  unhealthy  and  objectionable  on  account  of  being  unclean;  the 
uniform  quality  of  the  dough  is,  moreover,  by  no  means  to  be  depended  upon. 
Although  it  is  impossible  to  perform  by  machinery  any  labour  wliich  absolutely 
requires  the  touch  of  the  human  hand,  bread-kneading  machines  have  been 
introduced  wherever  the  making  of  only  one  and  the  same  kind  of  bread  is 
required.  Among  the  numerous  kinds  of  machines  invented  for  this  purpose  we 
select  for  description  that  of  Clayton  (see  fig.  243.)  The  constituents  of  the  dough 
are  placed  in  the  cylinder,  a,  mounted  in  tlie  framework,  b  h,  and  provided  with 
hollow  axles,  c  and  d,  turning  in  their  bearings  at  e.  The  interior  of  the  cylinder  is 
fitted  with  the  framework,/,  wliich  may  be  made  to  revolve  by  aid  of  the  axles  g  and  h. 
The  two  halves  of  this  framework  are  connected  togetlier  by  the  diagonal  knives,  i  i, 
which,  when  the  machinery  revolves,  work  up  tlie  dough;  the  trough  or  outer 
cylinder  revolves  in  the  opposite  direction  to  the  revolution  of  the  framework.     The 
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crank,  o,  is  coDiiected  wiUi  tlie  axle  of  the  trough  or  outer  cylimlcr ;  tJie  cmnlfc.  p 
Tiviih  tlmt  of  tlio  inner  framework.  As  the  two  craiiks  are  turned  in  opposito 
directions  they  impart  opposite  movements  to  trough  and  framework.     The  revolvinj{ 

Fig.  243* 


I 


of  the  machinery  may  be  performed  by  on©  uiun  hv  ilu*  aid  of  one  crank,  since  tb« 
axle,  h,  of  the  crank,  o,  which  is  fitted  to  the  inner  frume  by  means  of  the  hollow 
axle-tree,  und  revolves  ahmg  witii  it,  carries  a  conicftlly-shaped  wheeL  m,  fitted  to 
the  wheel  A-,  which  being  connected  with  I  causes  the  trough  also  to  revolve ;  when, 
therefore,  the  wlieel  m  turns  towards  the  ri^^ht,  the  wheel  t  will  revolve  towards 
the  left. 

TiMCHneo,  The  conversion  of  the  prepared  dough  into  bread  by  baking  is  eflected 
in  an  oven,  ordinarily  a  circular  or  oval  hearth  or  furnace,  spanned  by  a  vault, 
cocBtructed  with  an  opening  at  one  end  termed  the  mouth,  serving  aUke  for  th« 
introduction  both  of  bread  and  of  the  fuel.  The  oven  is  built  of  bricks  cemented 
togetlier  vdih  firo-clay»  the  sole  of  the  JiearUi  being  laid  with  tOcs  or  lined  with 
fire-clay.  The  vault  is  usually  elliptical,  in  order  to  reflect  the  heat  aa  much  as 
possible.  The  njoutk  is  closed  with  a  door  made  of  boiler-plate  or  of  cast-iron ; 
and  as  the  mouth  also  serves  as  an  exit  for  the  smoke,  a  l^ue  is  constructed  at  fiomo 
short  distance  above  it,  and  made  to  communicate  wlUi  Uic  chimney.  Two  smaU 
openings  in  close  proxinjity  to  tlie  mouth  of  tJie  oven  serve  to  burn  therein  small 
pieces  of  wood  to  afford  light,  while  the  bread  is  being  placed  in  the  oven.  The  air 
necessary  for  the  combustion  of  the  fuel  enters  the  oven  from  the  h>wer  part  of  the 
mouth,  while  froja  the  uj^pt^r  tliO  gases  of  combustion  and  the  smoke  escape. 
It  is  preferable,  however,  to  construct  tliese  ovens  M'ith  a  separate  flue  and 
chimney  connnunieatiug  widi  another  part  of  the  vault,  and  to  fit  the  flue  with  a 
damper  to  regulate  tlie  drau-^ht  of  the  fire*  Fig*  244  exhibits  tlie  vertical  sec- 
tion, and  Fig.  245  the  pbrn  of  the  sole  of  a  baking  oven.  The  sole,  a,  which 
ifl  made  so  as  to  slope  upwards  towards  the  back  of  tlie  oven,  has  a  breadth 
of  31  metres,  and  a  deptli  of  4  metres;  it  is  spanned  by  a  vault  05  metre 
high.  The  raoutli  iB  o'S  metre  wide,  eee  are  the  flues  tlirougli  which  tlie  gases 
of  combustion  pass  into  the  chinmey,  d,  the  draught  being  regulated  by  means  ot 
the  damper,  »•  The  trench,  ar,  affords  standing-room  for  tlie  baker.  Under  the  oven 
is  a  chamber  serving  as  a  store-room  for  the  eoah  Tho  space  e  serves  as  a  hot 
room  wherein  the  bread  is  placed  previous  to  being  put  into  the  oven  in  order  that 
the  dough  may  rise.  Thoroughly  dried  wood  is  used  as  fuel ;  it  is  placed  cross- 
wise  upon  tlie  hearth.     Coals  are  used  in  England  as  fuel  for  this  purpose.    The 
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oven  has  reached  the  required  temperature,  whan  a  piece  of  wood  rubbed  on  the 
hearth  gives  oflf  sparks*  Tlie  glowing  cliarcoal  is  removed  through  the  mouth  of 
the  oven,  and  extinguished  in  the  lower  chamber.  Before  the  brood  is  put  into  the 
oven  the  sole  is  carefully  cleaned  with  a  wet  swabber  fastened  to  a  pole»  and  ash  and 

Fio.  244. 


I 


rnrnm^u 


Fio,  245. 


einders  having  befu  reuioved  tho  brtad  ia  put  into  the  ovcu  with  the  aid  of  an 

oven-shovel,  fixed  to  a  very  long  handle.      The  proper  temperature  of  the  oven  for 

Imlting  is  between  200°  and  225°  C.     Pel'ore  tlie  loaves  are  put  into  the  oven  tlrey 

are  brushed  over  with  water  wherein  a  snmll  quantity  of  flour  has  been  mixed,  in  order 

to  prevent  tlje  crust  of  the  bread  formed  by  the  first  action  of  the  beat  Hying  off 

and  cracking  by  Oie  rapid  expansion 

of  the  vapours  formed  by  the  heat 

to  which  the  bread  is  exposed.  Ttie 

Bteam,  which  after  some  Lime  fill  a 

Uie    oven,    materially   assists    ttie 

bttking  process,   and  very  greatly 

aids  the  chemicBl  changes  whicJi 

are  especially  apparent  in  tli©  crust, 

wliich   owes    its     glazed    appear- 

ance  thereto.    The  lime  nceessary 

for  the  baking  varies  according  tx> 

tJie  size  of  the  loaves,  the  form, 

and  the  kind  of  bread.    The  nearer 

the  bread  approaches  to  a  globular 

form,    and    its    surface     therefore 


"iT"nr 
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relatively  smallest  in  rehition  to  its  contenis,  so  much  the  longer  time  is 
necessary  for  the  baking.  Black  bread  takes  a  longer  time  to  bake  than  white 
bread.  Tliese  ovens  are,  however,  not  of  tlie  best  construction:  it  is  evident 
that  they  cannot  be  uniformly  heated  throughout,  while  tliey  cool  unequally  also,ajid 
of  course  most  so  at  the  front  part  by  the  rusliing  in  of  cold  air.  After  every  batch 
of  bread  baked  it  therefore  becomes  necessary  to  tire  the  oven  again  for  a  slimt  time 
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before  a  fresh  batch  of  bread  in  put  into  it ;  of  course  less  fuel  is  rcquirctl  to  bung 
up  the  requisite  temperature  again  Uiati  will  be  required  when  firing  i&  couimeiMJed. 
When  the  baking  of  bread  is  carried  on  continuously  and  oa  a  maunfocturing 
Ticnle,  ovens  are  employed  in  wliieh  Iho  balcing-  and  the  fire-roams  are  separate  and 
distinct. 

^atMiitQtnfDtihoFonpcntn.  SuhiUliftitex  Jot  thc  Fcnuaifs  in  the  **  Raisituj  "  of  li read — W'c 
have  seen  from  the  preceiliiig  details  that  the  preparation  of  bread  is  essentially 
bascni  upon  the  fact  that  by  the  act  of  fennentation  the  gluten  of  the  flour  forms  a 
kiu<l  of  cellidar  tissue  by  wliich  the  escape  of  the  carbonic  acid  is  prevented,  and  tlma 
llie  bread  rendered  porous  aud  spongy,  whereby  its  digestibility  is  increased.  This 
iiuality  of  tlie  bread  is  obtuined  at  tlie  cost  of  a  portion  of  the  starch  of  the  fionr, 
which  is  first  converted  into  stjirch- sugar,  and  tlien  by  means  of  fermentation  into 
idcohol  and  carbonic  acid  gas;  to  the  expansion  of  tlie  latter  the  bread  owes  its 
spongy  texture.  ^lany  attempts  have  been  made  for  the  purpose  of  effecting 
the  •*  raising "  of  the  bread,  as  it  is  termed^  witliout  the  use  of  a  fc'iincnt,  by 
introducing  into  the  dough  some  gas-  or  vapour-producing  subsUncc  which 
would  have  the  same  mecliauieal  effect  at  leftst  as  the  carbonic  acid  derived  from 
the  ferment ation»  Althougli  the  problem  of  preparing  bread  of  good  quality  without 
the  aid  of  fenuentatiou  cannot  be  said  to  be  quite  settled,  many  propo^sals  have 
bcL'U  made  in  this  direction,  and  some  of  theao  deserve  notice ;  we  tJiereforu  quote 
tlie  most  important.  When  Beaqnicarbonate  of  ammonia  (the  so-called  sal  wrntt 
<<<frri  of  pharmacy)  in  added  in  small  quantity  to  the  dough,  it  will  cause  tliC  raising 
«»f  the  same»  pai Uy  because  some  acid  is  always  prcseut  in  tlie  dough,  whereby 
the  salt  is  decomposed  and  carbomc  acid  set  free,  partly  because  by  the  heat  of 
the  oven  die  salt  is  volatiUscd,  and  by  assuming  the  state  of  vapour  causes  the 
expansion  and  consequent  spoBgincss  of  tlie  dough.  Liebig  recommends  Uie 
addition  of  bicurbtmate  of  soda  and  hydrochloric  acid  to  the  dough,  the  carlwnic 
acid  being  evolved  according  to  tlie  formula  (NaHCO^-f  HCl=NaCl-hII«0-f  COt» 
with  the  formation  of  common  salt  wliich  remains  in  tlie  dough,  Tlie  proportions 
are  as  follows  :^To  loo  kilos,  of  meal  for  making  black  broad  i  kdo,  of  bicarbonate 
of  soda  is  taken,  and  4  25  kilos,  of  hydrochloric  acid  of  i  063  sp,  gr,  (=  g's**  B.  =  13 
per  cent  ClHl,  yielding  175  to  2  kilos,  of  common  salt ;  the  quantity  of  water  to  be 
added  amounts  to  from  79  to  So  litres.  From  this  mixture  is  obtained  1 50  kilos,  of 
bread.  The  proportion  of  tlie  bicarbonate  of  soda  to  tlie  hydrochloric  aoid  is  bo 
arranged  that  5  grms.  of  the  former  are  fully  saturated  by  ^^  c-c,  of  Uic  latter,  leaving  in 
the  bread  a  faintly  acid  reaction.  The  substance  knoT^ii  and  sold  as  Horsford's  yeast 
powder,  also  recommended  by  Liebig,  is  preferable  and  more  readily  applied.  This 
powder  consists  of  two  separate  preparations,  viz.,  tlie  acid  j>owder  {acid  phoi>x>hate 
of  lime  with  acid  phospliato  of  mugnesia^  llic  other  the  alkali  powder  (a  mixture  of 
500  grniB,  of  bicarbonate  of  soda  and  443  gnns.  of  chloride  of  potassium).  To 
100  kilos,  of  flour,  2*6  kilos,  of  the  acid  powder,  and  rG  kilos,  of  tlio  alkali  powder 
are  addeiL  During  the  kneading  the  following  changes  occur:  the  l>icHi"boriate  of 
Boda  and  chloride  of  potassium  are  first  converted  into  chloride  of  sodium  and 
l»icarbonate  of  potash,  the  latter  salt  being  in  its  turn  decomposed  by  Uie  acid 
phoBplmte,  wliereby  carbonic  acid  is  set  free,  B3*  tlio  use  of  this  baking  powder  it 
is  possible  to  mnko  flour  into  bread  within  two  hour's  time,  while,  niorciiver,  100  < 
pi^tunds  of  flour  yield  10  to  13  per  cent  more  bread  than  with  tlie  best  uietliod  of 
baking  in  the  usual  way.    Ttie  plan  of  incorporating  pure  carbomc  add  |nis  witU 
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the  dough  has  been  freqaently  taken  up  and  abandoned  again ;  many  trials  liave 
been  made  in  this  dkectioQ,  and  the  process  has  ita  opponents  as  well  ns  its 
defenders.  Of  Iftter  years  the  late  Dr,  Dauglish  and  Mr.  Bonsfield  have  taken  this 
subject  up,  and  after  having  obtained  a  patent  have  started  tho  Aerated  Bread 
Companj.  This  process  as  eaiTied  out  in  practice  is  best  described  by  an  extract 
from  Dr*  Dauglish's  parapliltt*  using  hia  own  words  :— 

•*  I  first  prepare  the  water  which  is  to  be  used  in  forming  the  dough  by  placing  it 
in  a  strong  vessel  capable  of  bearing  a  high  pressure,  and  forcing  carbonic  acid  into 
it  to  the  extent  of  ten  or  twelve  atmospheres,  taldag  advantage  of  the  well-known 
capacity  of  water  for  absorbing  carbonic  acid,  whatever  its  density,  in  quantities 
equal  to  its  own  bulk.  The  water  so  prepared  vrill  of  course  retain  the  carbonic  acid 
in  solution  so  lung  as  it  is  retained  in  a  close  vessel  under  the  same  pressure.  I  tliere- 
fore  place  the  flour  and  salt  of  which  the  dough  is  to  be  formed  also  in  a  close 
vessel  capable  of  bearing  a  high  pressure.  Within  this  vessel,  which  is  of  a 
spheroidiil  form,  a  simply  constructed  kneading  apparatus  is  hxed,  working  from 
without  through  a  closely  packed  stuffing  box.  Into  tliia  vessel  1  force  an  equal 
pressure  to  tluit  which  is  maintained  on  the  aerated  water  vessel;  and  then,  by 
means  of  a  pipe  connecting  the  two  vessels,  I  draw  tlio  w  ater  into  tlie  Hour  and  set 
the  kneading  appm-atus  to  work  at  the  same  time.  By  this  arrangement  tlie  water 
acts  simply  as  limpid  water  among  the  flour,  the  flour  and  water  are  mixed  and 
kneaded  together  into  paste,  and  to  such  an  extent  as  shall  give  it  tlie  necessary 
tenacity.  After  tlus  is  accomplished  the  pressure  is  released^  the  gas  escapes  from 
the  water,  and  in  doing  so  raises  the  dougli  in  the  mobit  beautiful  and  expeditious 
manner.  It  will  be  quite  unnecessary  for  mo  to  point  out  how  perfect  must  be  the 
mechanical  structure  that  results  from  this  method  of  raising  dough.  In  the  first 
place,  the  mixing  and  kneading  of  Um  flour  and  water  together,  before  any  vesicular 
property  is  imparted  to  tlie  mass,  render  the  most  complete  incorporation  of  the  Hour 
and  water  a  matter  of  very  easy  accomplishment ;  and  this  being  secured,  it  is  evident 
that  die  gas  wtiich  forms  the  vehicle,  or  spoog<\  when  it  is  released,  must  be 
dispersed  tlu'ough  tbe  mass  in  a  manner  which  no  other  method — ^fcrmeutation  not 
excepted— could  accomplish.  But  besides  tlie  atlvantages  of  kneading  the  dough 
before  the  vesicle  is  formed,  in  the  manner  above-mentioned »  Ibere  is  another  and 
perhaps  a  more  important  one  from  what  it  is  likely  to  cflfect  by  giving  ticopo  to  the 
introduction  of  new  materials  into  bread  making;  and  tliat  is,  I  iind  that  powerful 
machine  Imcading  continued  for  several  minutes  has  the  effect  of  impjirting  to  the 
dough  tenacity  or  toughness.  In  Messrs.  Carr  and  Co/s  machine,  at  CarUblc,  wo 
have  kneaded  some  wheutcn  dough  for  half-an-hour,  and  tlie  result  has  been  that 
the  dough  has  been  so  tough  that  it  resembled  bird-lime,  and  it  was  with  difficulty 
pulled  to  pieces  with  the  hand.  Other  materials,  such  as  rj^e,  barley,  &c.,  are 
affected  in  the  same  manner ;  so  that  by  thus  kneading  I  am  able  to  import  to 
dough,  made  from  materials  wliich  otherwise  w*ould  not  have  made  light  bread,  from 
their  wanting  that  quality  iu  tiieir  gluten  wldch  is  capable  of  holtling  or  retaining, 
the  saiue  degree  of  lightness  which  no  other  method  is  cnpable  of  effecting.  Ami  I 
am  sanguine  of  being  able  to  make  from  rye,  barley,  oatmeal,  and  other  wholesome 
and  nutritious  Bubstances,  bread  as  light  and  sweet  as  tho  Jinest  whcat-en  bread. 
One  reason  why  my  process  makes  a  breail  so  different  from  all  other  processes 
where  fennentation  is  not  folio ^ved  is,  that  I  am  eiinbletl  to  knead  the  liread  to  any 
extent  without  spoiling  its  vesicular  property,  w  hilst  all  other  unfenncuted  breads 
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aye  merely  mixedt  not  kneadecL  Tlie  property  tlius  impartod  lo  my  bread  hf 
knending  rendcra  it  less  dependent  on  being  placed  imincdifttcly  in  tlie  oven. 
It  ccrtiiinly  cannot  gain  by  being  allowed  to  stand  nfter  the  dongli  is  formed;  but  it 
bears  well  the  necessary  standing  and  waiting  required  for  preparing  the  loaves  for 
baking. 

"Tlior«  is  one  point  wkicli  requires  care  in  my  process,  and  tliat  is  the  baking:  as 
the  dough  is  excessively  cold,  first,  because  cold  water  is  used  in  fae  process,  and 
next  because  of  its  sudden  expansion  on  rising.  It  is  tbns  placed  in  the  oven  some 
40'  F.  in  temperature  lower  tliaii  the  ordinary  fermented  bread.  This,  togi^tber  with 
its  slow  springing  until  it  reaches  tlie  boiling-point,  renders  it  essential  that  Uie  top 
crust  siuiU  not  bo  formed  luitil  the  very  last  moment.  Thus,  I  have  been  obliged 
Imve  ovens  constructed  which  are  heated  through  the  bottom,  and  are  furnished' 
witji  means  of  regulating  the  heat  of  tlie  top.  bo  tliat  tlie  bread  is  cooked  through 
the  bottom ;  and,  just  at  tlie  last,  tlie  top  heat  is  put  on  and  the  top  crust  formed. 

**  With  regard  to  the  gain  effected  by  saving  tlie  loss  uf  fermentation,  I  may  stato 
what  must  be  evident,  that  tlie  weiglit  of  the  dough  is  always  exactly  tlie  sum  of  thqn 
weight  of  flour,  water,  and  salt  put  into  the  mixing  vt^ssel.  and  that  in  all  om 
experiments  at  Carlisle  we  invariably  niiide  iiS  loaves  from  iha  same  weight  of 
flour  which  by  fermcntiitiori  madti  only  105  nnd  io6.  Our  advantage  m  gain  over 
fennentation  can  only  be  equal  to  the  loss  of  fenuentation.  As  there  has  been 
considerable  difference  of  opinion  among  men  of  science  with  respect  to  the  amount  of 
lliis  loss — some  stating  it  to  be  as  higli  as  17I  per  cent  and  otliers  so  low  as  i  per 
cent — I  will  here  say  a  few  words  on  the  subject  Those  who  have  stated  the  loss  to 
be  as  high  as  17 1  per  cent  have,  in  support  of  their  i>osit.ion.  pointed  to  the  extra 
yield  from  the  same  flour  of  bread  when  made  by  nonformentation  compared  witli 
that  made  by  fermentation.  Wlulst  those  who  have  opposed  this  assertion,  and 
stated  the  loss  to  he  but  1  per  cent  or  little  more,  have  declared  the  gain  in  weiglit  to 
be  simply  a  gain  of  extra  water,  and  hftvo  based  their  calculations  of  loss  on  the 
destruction  of  material  caused  by  the  generation  of  the  necessary  quantity  of  carbonic 
acid  to  r«?nfler  the  bread  light.  Starting,  then.  with,  the  assumption  that  liglit  breail 
contains  in  bulk  half  sclid  matter  and  lialf  aeriform,  they  have  calculated  that  tJiis 
quantity  of  aeriform  matter  is  obtained  by  a  destruction  of  but  i  per  cent  of  solid 
matcrittl.  In  this  culculation  tlie  loss  of  carbonic  acid,  by  its  escape  through  the 
mass  of  dough  during  the  process  of  fermentation  and  manufacture,  does  not  appear 
to  have  been  taken  into  account,  tlmt  our  calculations  may  be  correct. 

*'  One  of  the  strongest  i>roofa  that  tho  escape  of  gas  through  ordinary  soft  bread 
dough  IB  very  large  arises  from  the  fact,  that  when  biscuit  dough,  in  which  there  is  a 
mixture  of  fatty  matter,  is  prepared  by  my  process,  about  half  the  quantity  of  gas  only 
is  needed  to  obtain  an  equal  amount  of  lightness  with  dough  that  is  made  of  jlour 
and  water  only,  tlio  fatty  matter  acting  to  prevent  the  escape  of  gas  from  the  dough. 
Otlier  matters  will  operate  in  a  similar  manner — boiled  flour,  for  instance,  added  in 
small  quantities.  But  Uie  assumption  that  light  bread  is  only  half  aenform  matter 
is  altogctlier  erroneous.  Never  before  has  Uiere  been  so  complete  a  metliod  of 
t*'sting  what  proportion  the  aeriform  bears  to  tlio  solid  in  lig!it  bread  as  tlmt  which 
my  process  aflbrds.  The  mixing  vessel  at  Messrs.  Carr  and  Cos.  Works.  Cailisle, 
hiis  an  internal  capacity  of  jo  bushels.  Wlien  3)  bushels  of  flour  are  put  into  thiti 
vessel,  and  formed  into  spongy  bread  dough,  by  my  process  it  is  quite  fiilh  And 
when  flour  is  mixed  with  water  into  paste,  tlic  paste  measures  rather  less  than  half 
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tho  bulk  of  the  original  dry  flour.  Tliis  will,  therefore,  represent  about  ij  bushels  of 
solid  matter  expanded  into  lo  bushels  of  spongy  dough,  showing  in  the  dough 
nearly  5  parts  aeriform  to  i  solid :  and  in  all  instances,  if  the  baking  of  tliis  dougli 
has  not  been  accomplished  so  as  to  secure  the  loaves  to  spring  to  at  least  double  their 
size  in  the  oven,  they  have  always  come  out  heavy  bread  when  compared  with  tlie 
ordinary  fermented  loaves.  This  gives  the  relative  proportion  of  aeriform  to  solid  in 
light  bread  at  least  as  10  to  i,  and  at  once  raises  the  loss  by  fermentation  from  i  to  10 
per  cent,  witliout  taking  into  account  the  loss  of  gas  by  its  passage  through  the  mass 
of  dough. 

"  I  may  be  allowed  here  to  state,  what  will  be  evident  to  nil,  that  the  absence 
of  every  tiling  but  flour,  water,  and  salt,  must  render  it  absolutely  pure ;  that  its 
sweetness  cannot  be  equalled  except  by  bread  to  which  sweet  materials  are  super- 
added ;  that,  unlike  all  other  unfermented  bread,  it  makes  excellent  toast ;  and,  on 
account  of  its  high  absorbent  power,  it  malces  the  most  delicious  sop,  puddings,  &c., 
and  also  excellent  poultices.  Sop,  pudding,  and  poultice  made  from  tliis  bread,  how- 
ever, differ  somewhat  from  those  made  from  fermented  bread,  in  being  somewhat 
richer  or  more  glutinous.  Tliis  arises  from  the  fact  of  the  gluten  not  having  been 
changed  or  rendered  soluble  in  the  manner  caused  by  fermentation ;  but  that  this  is  a 
good  quality  rather  than  a  bad  one  is  evident  from  the  fact,  that  the  richer  and  purer 
fermented  bread  is,  the  more  glutinous  are  the  sops,  &c.,  made  from  it ;  and  the 
poorer  and  more  adulterated  with  alum  it  is,  the  freer  the  sops,  &c.,  are  of 
this  quality." 

It  should  be  observed  that  the  alcohol  foimed  during  the  fermentation  of  the 
bread  and  volatilised  by  the  heat  of  the  oven,  acts  along  ^vith  the  carbonic  acid 
in  rendering  the  dough  spongy  ;  upon  this  action  of  the  alcohol  is  based  the  applica- 
tion of  rum  or  brandy,  which  in  small  quantities  are  added  to  pastry  and  puddings 
made  with  flour,  suet,  eggs,  sugar,  butter,  &c. 

Tieu  of  Bread.  As  regards  the  quantity  of  bread  obtained  from  a  given  quantity 
of  flour,  it  varies  according  to  tho  quality  of  the  latter;  100  kilos,  of  flour  usually 
yield  from  125  to  135  kilos,  of  bread. 

Compoftition  of  Bread.  Tlic  flouT  from  various  kiuds  of  grain  contain  in  its  ordinary 
air  dry  condition  from  12  to  16  per  cent  of  water;  by  its  conversion  into  bread  tlie 
flour  takes  up  much  more  water.  100  pounds  of  fine  wheaten  flour  combine  with  50. 
pounds  of  water,  and  give  150  pounds  of  bread.  The  composition  of  the  flour  and 
of  the  bread  is,  therefore,  as  follows : — 

Wheaten  Flour.      Wheaten  Bread. 

Dry  flour         84  84 

Water  originally  contained  in  the  flour  16  16 

Water  added  for  making  tho  dough   ...  —  50 

100  150     • 

According  to  Heeren,  100  pounds  of  wheaten  flour  yield  at  least  125  to  126  pounds 
of  bread  ;  100  pounds  of  rye  meal,  131  pounds  of  bread.  Fresh  wheaten  bread  con- 
tains 9  per  cent  of  soluble  starch  and  dextrin,  40  per  cent  of  unchanged  starch,  65 
per  cent  of  protein  compounds,  and  from  40  to  45  per  cent  of  water.  As  is  generally 
known  newly  baked  bread  possesses  a  peculiar  softness,  and  is  at  the  same  tim^ 
tough ;  does  not  yield  crumbs  readily :  after  one  or  more  days'  keeping,  tho  bread 
loses  this  softness,  becomes  dry,  crumbles  readily,  and  is  then  called  stale  or  old 
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breiMl ;  it  is  usually  supposed  Umt  tliis  change  is  due  to  a  loss  of  water ;  bat, 
aooorditig  ti>  the  rest'iirclies  uf  Buussingault.  stale  bread  contains  just  as  much  water 
08  fresli  bread ;  the  alteratiun  is  solely  due  to  a  diilereut  luolecular  condition  of  the 
bread, 

imtrtiriticijjai  Adrdtcrmiion  'Wlien  tiie  floUT  intended  for  tlie  preparation  of  bread  is  more 
or  less  decayed,  the  gluten  it  contains  is  thereby  altered ;  the  carbonic  acid  evolved 
during  the  fermentation  of  the  bread  does  not  render  the  dough  spongy,  but  it 
becomes,  owdng  to  the  altered  state  of  the  gluten,  a  more  or  less  slimy  mass,  which 
yields  a  tough  and  far  less  whitc-eolourcd  bread  ;  in  order  to  counteract  this  defect, 
and  to  impart  a  good  appeanmco  to  the  bread  made  from  flour  whidi  has  been  damaged 
by  damp,  or  by  hnviug  been  too  clasely  con  fined  in  casks  and  thereby'  heated, 
the  bakers  in  Belgium  and  Northern  France  (and  may  we  not  say  of  England  ioo), 
add  to  the  dough  a  small  quantity  of  sulphate  uf  copper,  rvhzn  to  hfUp  ;  the  base  of 
this  salt  combines  with  the  gluten,  forming  therewith  an  insoluble  compound,  tlms 
rendering  the  dougli  tongh  and  wliite,  and  capable  of  taking  a  large  quantity  of 
water.  In  order  to  detect  the  sulphate  of  copper  in  the  bread,  a  portion  of  the  bread 
to  be  operated  upon  is  first  dried,  tlien  ignited,  and  the  copper  separated  from 
the  ash  by  gently  wasliing  away  the  lighter  particles,  leaving  tiie  metallic  copper 
in  the  shape  of  sniall  sinning  spangles.  In  Enghmd  alam  is  very  generally  added 
to  bread.  In  Germany  tlie  addition  of  sulphate  of  copper  and  alum  (o'3  per 
oenti  to  bread  is  prohibited  by  law,  but  in  some  parts  of  that  country  leaven  is 
kept  in  copper  vessels,  whereby  verdigris  is  fonned,  the  nppearance  of  which  is  by  no 
means  disliked  by  the  bakers.  ^ 
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viiu«ftr.  Mkii  Ua  tyiigin.  The  fluid  known  in  common  life  as  vinegar  is  essentially  a  aui 
ture  of  acetic  acid  and  water.  Acetic  acid,  C/H^Oa.  or  Call^*!  f  0.  consiatfi,  in  it 
highest  degree  of  concentration,  in  lOO  parts,  of— 

Carbonic  acid      -  ^  ^  40*0 

Hydrogen 1  67 

Oxygen        j  53-3 

60  1000 

and  is  formed  by  tlic  oxidation  of  alcohol  as  well  as  by  tlio  dry  distillation  of  cellu- 
lose. 

As  regards  the  first  mode  of  formation,  tlie  process  of  the  conversion  of  aleohoi, 
into  acetic  acid  may  be  represented  by  the  foUowing  formula : — 

I  mol,  alcohol  C^HtiO  =  46  ^  ^1  1 1  !  i  moh  acetic  acid  CaH.Oa ~  60 
•2    „     oxygen  2O  =3^  M         1  1     „    water  H,0  =  x8 

78  78 

Accordingly  100  parts  of  alcohol  should  give  i^g  5  parts  of  acetic  acid  of  the  highest 
degree  of  concentration.  The  process  of  conversion  is,  however^  by  no  means 
so  simple  as  just  mentioned,  because  tlie  alcohol  is  not  at  once  converted  into  acetic 
acid,  but  first  converted  into  a  body  which  contains  less  oxygen  than  the  acetic  acid, 
viz.,  aliichyde,  C^H^O.  The  conversion  of  the  alcohol  into  acetic  acid  may  be  dud- 
dated  in  the  following  mtumer : — 
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Alcohol  CaHeO     =46 

oil      .  TT         ^    f  Ha  becomes,  by  the  aid  of  0  taken  up 

Subtract  H,=   2  I      from  the  air; oxidised  to  H,0. 


Aldehyde    J    ^«"«"     '*^ 

Add 0  =  16      from  the  air. 

Acetic  acid  )     -*    ♦   -* 

100  kilos,  of  alcohol  therefore  need  300  kilos.  (  =  2322  hectolitres)  of  air,  con- 
taining 69  kilos,  of  oxygen,  for  tlie  conversion  of  tlie  alcohol  into  acetic  acid.  It  is. 
however,  evident,  that  in  practice  this  quantity  of  air  is  insufficient,  and  only  that 
portion  of  the  oxygen  wliich  is  in  the  state  of  ozone  is  capable  of  performing 
the  duty  of  acetification.  Alcoholic  liquids,  in  order  to  become  converted  into 
vinegar,  require  the  presence  of  a  peculiar  fungus  (cryptogamic  plant),  known  as 
Mycoderma  aceti,  which  appears  to  act  as  the  carrier  of  tlie  oxygen  of  the  air, 
which  is  also  by  it  rendered  active  and  given  up  to  tlie  alcohol. 

The  origin  of  vinegar  or  acetic  acid  as  a  product  of  the  dry  distillation  of  cellu- 
lose cannot  be  elucidated  by  a  simple  formula,  because  there  are  formed  in 
addition  to  acetic  acid  a  large  number  of  other  compounds,  among  which  are  gaseous 
and  fluid  hydrocarbons,  wood  spirit,  accton,  creosote,  oxyphenic  acid,  tar,  &c., 
the  relative  quantity  of  which  depends  not  only  upon  the  temperature  at 
which  the  distillation  took  place,  but  also  upon  the  shape  of  the  retorts  used, 
the  quantity  of  hygroscopic  water  contained  in  the  wood,  &c. 

a.  Preparation  of  Vinegar  from  Alcoholic  Fluids. 
Vinegar  from  AicohoL  When  alcohol  is  left  cxposcd  to  air  or  to  pure  oxygen  it  is  not 
converted  into  acetic  acid.  Nevertheless  the  conversion  is  duo  to  tlie  alcohol 
becoming  oxidised ;  therefore  it  is  evident  the  alcohol  must  be  placed  under  such  con- 
ditions as  are  most  favourable  to  the  formation  of  vinegar.  In  this,  as  in  many  other 
chemico-technical  processes,  practical  experience  is  the  best  teacher.  The  most 
important  points  are,  of  course,  the  preparation  of  vinegar  in  the  shortest  time  with 
the  least  expenditure  of  alcohol.  The  conditions  most  favourable  to  the  formation  of 
vinegar  on  the  large  scale  are  the  following : — 

1.  The  alcoholic  fluid — prepared  from  grape  wine  or  fruit  wine,  fermented  malt 
infusion,  beer,  and  brandy — should  be  sufficiently  diluted  ;  it  should  contain  not  more 
than  10  per  cent  of  alcohol.  Experience  has  proved  that  fluids  prepared  by 
the  direct  application  of  alcoholic  fermentation,  viz.  wine,  beer,  &c.,  are  more 
readily  converted  into  vinegar  than  mixtures  of  brandy  or  alcohol  and  water.  But 
too  great  a  dilution  should  be  avoided  ;  for  although  a  liquid  containing  3  per  cent  or 
less  alcohol  can  be  converted  into  vinegar,  the  acetification  proceeds  very  slowly  in 
80  dilute  liquids. 

2.  A  suitable  temperature — not  above  36°  C,  not  below  lo"*  to  12^  C.  At  a  tempo 
rature  of  7**  C.  and  less  the  formation  of  vinegar  no  longer  takes  place,  a  fact 
usually  overlooked  when  tlio  advantages,  of  keeping  beer  and  other  fermented 
liquids  in  ice  pits  or  very  cool  cellars  are  enumerated.  Above  40°  to  60"  the  acetifi- 
cation proceeds  very  rapidly,  but  there  is  a  loss  of  alcohol  and  vinegar  by  evapo 
ration. 

3.  A  plentiful  supply  of  air  or  oxygen  to  the  alcoholic  fluid  and  an  intimate  con- 
tact between  the  two.     Small  quantities  of  alcoholic  fluid  witli  an  extended  surface 
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arc  more  readily  converted  into  vinegar  tlmn  large  bulks  of  fluid,  because  tlie  former 
present  a  larger  number  of  points  of  contact. 

4.  The  presence  of  substances  wliicli  conduce  to  the  fonnation  of  vinegar ;  they 
are  aa  regards  their  action  similar  to  the  ferments,  and  are  therefore  called  acetic  acid 
or  sour  producing  ferments  ;  but  the  acctiBcation  is  not  a  physiological  process,  as  is 
vinous  fermentatii>n,  but  simply  one  of  oxidation.  The  best  ferment  is  vinegar,  and 
all  substances  impregnated  \vith  it,  such  as  for  instance  tbc  so-called  vinegar  plant, 
the  Mtjcoiknna  aecti ;  it  was  formerly  thought  that  the  vinegar  mycoderms  stood  to 
alcohol  and  vinegar  in  the  same  relation  as  yoast  stands  to  sugar  and  alcohol,  hut  thia 
opinion  is  correct  only  so  far  as  the  addition  of  Mycoilerma  acctl  to  an  alcoholic 
lluid,  OS  proved  by  Pasteur's  experiments  (1863),  is  alike  in  ilie  action  of  small  quan- 
tities of  vinegar  and  other  acetiBc  at!  on -inducing  substances  upon  wooden  vata  and 
chips  of  Avood  thoroughly  impregnated  with  vinegar  ;  nuiny  of  these  substances  con- 
tain particles  which  are  undergoing  a  process  of  oxidation  {mohciih'  tn  nwucemenf), 
and  by  coming  into  contact  with  alcohol  they  draw  that  iluid  into  a  course  of  oxidation 
also,  I^re  acetic  acid  is  ilierefore  incapable  of  inducmg  acetiJication,  but  vinegar,  on 
the  contmrj*,  is  capable  of  doing  so  because  it  always  contains  smaller  or  larger  quan- 
tities of  tho  protein  compounds  alluded  to ;  but  unless  the»»e  are  in  a  pec< 
state  of  activity  they  are  useless ;  this  is  shown  by  platinum  black  and  »j 
platinum,  both  of  which  are  capable  of  converting  alcohol  inmiediately  into  Aceiw 
acid.  We  may  therefore  conclude  that,  by  the  presence  of  MtjixxUnna  accti  as  well 
us  of  spongy  platinum,  the  oxygen  of  the  air  is  rendered  active — ozonised — and  ihat 
only  ozonised  oxygen  is  capable  of  converting  alcohol  into  vinegar.  Acetic  acid  is, 
tlierefore»  an  oxidation  product,  not  one  of  the  3Iycotferma.  A  more  accurate  inves* 
tigfttion  of  tlie  i>ehanour  of  peroxide  of  hydrogen  and  other  ozone-contaiaing  or 
producsing  materials  with  mixtures  of  alcohol  and  water,  will  no  doubt  lead  to  u 
better  knowledge  of  the  tlieory  uf  ace  ti  tic  a  Li  on,  and  may  lead  also  to  a  more  rational 
and  improved  mode  of  vinegar  making, 

ffkMUKBMMftoCTiiMfltrFoRaftyon.  Acelification  exliibits  phenomena  which  are  important 
for  obsenratton  because  they  indicate  tlie  progress  of  the  conversion  of  tLe  alcohol 
into  acetic  acid ;  Uieso  phenomena  are  partly  of  a  chemical,  partly  of  a  physical 
kind.  In  proportion  as  tlie  fynnntion  of  vinegar  advances,  tlic  alcoholic  fluid  loses 
its  peculiar  flavour  and  o(lour»  and  acquires  the  refreshing  sour  taste  of  vinegar.  To 
the  physical  phenomena  belong; — i.  An  increase  in  th«  specific  gravity  of  the  fluid  : 
and  (2)  an  increase  of  tlie  temperature.  Tho  increase  of  temperature  is  due  to  the 
conversion  of  the  oxygen  from  a  gas  to  a  fluid.  The  more  active  the  absorption  of 
oxygen  the  higher  the  temperature, 

TtojoiderMjt^^of  According  to  tho  substance  from  which  vinegar  is  prepared  th« 
foUowing  kinds  are  distinguished : — i.  Wine  vinegar,  prepared  from  wine,  anc 
containing  in  addition  to  acetic  aeid  many  of  tlie  other  constituents  of  wine,  namely, 
tartaric  acid,  succinic  acid,  and  certain  kinds  of  ethers,  Uie  latter  imparting  to  w  ine 
vinegar  its  peculiarly  agreeable  fJavour  and  odour.  2,  Brandy  vinegar,  spirit 
vinegar,  or  artificial  wine  vinegar,  generally  only  a  mixture  of  acetic  acid  and  water 
with  a  small  quantity  of  acetic  ether.  3.  Fruit  vinegar,  prepared  from  cider 
perry  and  containing  acetic  antl  nudic  acids.  4.  Beer,  malt,  or  grain  vini 
prepared  from  non-hopped  beer  wort,  and  containing,  besides  acetic  ocid,  also 
extractive  matters,  such  as,  for  instance,  dextrin,  nitrogenous  constituents  and 
phosphates.    5   Vini^ar  from  Uie  sugar  bcct^rooi    Hie  roots  ore  converted  int<* 
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a  pulp  and  tlien  pressed  ;  the  juice  is  next  diluted  wiih  water  and  afterwards  boiled. 
When  sufficiently  cooled,  yeast  is  added  and  alcoholic  fermentation  set  up;  tliis 
having  been  finished  the  alcohol  contained  in  the  liquid  is  converted  into  vinegar. 
The  vessel  in  which  the  acetilication  takes  place  is  connected  with  a  blowing  fan  ;  by 
the  aid  of  a  plentiful  supply  of  air  and  the  keeping  up  of  a  uniform  temperature  tlie 
alcohohc  liquid  to  which  some  vinegar  has  been  added  is  rapidly  converted  into 
acetic  acid.  6.  Vinegar  prepared  from  the  so-called  wood  vinegar  or  acetic  acid 
obtained  by  tlie  dry  distillation  of  wood. 

As  regards  the  so-called  old  metliod  of  vinegar  making  it  is  without  doubt  an 
imitation  of  the  spontaneous  souring  of  beer,  wine,  and  fermented  liquors  generally 
and  on  conditions  which  are  conducive  to  the  improvement  of  the  product ; 
such  conditions  are — a  suitable  temperature,  intimate  contact  of  the  souring 
liquor  with  air,  and  a  so-called  acetification-inducing  ferment.  This  method  is 
very  generally  employed  for  making  wine  vinegar,  French  vinegar  as  it  is  termed  in 
England,  but  may  of  course  be  used  for  malt  or  fruit  vinegar  making  as  well. 
Generally  a  "  souring  "  vessel  or  "  motlier  "  vessel  made  of  oak  wood  is  employed ; 
this  vat  is  first,  when  newly  made,  thoroughly  scalded  witli  boiling  hot  water,  and 
when  thereby  the  extractive  matter  of  the  wood  is  exliausted  the  vessel  is  filled  with 
boiling  hot  vinegar ;  when  the  wood  is  soaked  witli  vinegar  there  is  poured  into  the 
vessel  I  hectolitre  of  wine,  and  after  eight  days  again  10  litres  of  ^\'iue  are  added, 
and  this  operation  continued  weekly  until  tlie  vessel  is  filled  for  two-tliirds  of  its 
cubic  capacity.  About  fourteen  days  after  the  last  addition  of  the  wine  the  whole  of 
tlie  contents  will  have  become  converted  into  vinegar.  Half  this  quantity  is  with- 
drawn from  tlie  souring  vessel  and  carried  to  the  store :  to  the  remainder  more  wine 
is  added,  and  tlie  preparation  of  vinegar  proceeded  with  uninterruptedly  by  the  opera- 
tion described.  A  souring  vessel  may  continue  to  serve  its  purpose  for  six  years, 
and  often  longer,  but  generally  at  the  end  of  tliis  time  there  is  collected  in  the  vessel 
so  large  a  quantity  of  yeast  sediment,  argol,  stone,  and  other  matter  as  to 
render  the  thorough  cleansing  of  the  vessel  necessary ;  after  this  operation  it  is 
again  fit  for  further  use.  Although  it  might  appear  that  in  tliis  process  of 
acetification  there  is  no  great  contact  of  air,  and  the  fluid  is  apparently  quite  at  rest, 
tliere  is  a  constant  change  of  the  particles  of  tlie  surface  of  the  fluid,  owing  to  the 
fact  that  every  drop  of  vinegar  formed  sinks  to  the  bottom  of  the  vessel,  or  at  least 
belDW  the  surface,  owing  to  its  increased  specific  gravity ;  wliile  as  regards  the  air, 
that  portion  of  it  from  which  the  oxygen  has  been  absorbed  by  becoming  specifically 
lighter  (09  sp.  gr.)  has  a  tendency  to  rise  upwards,  and  to  be  replaced  by  heavier 
air  (I'o  sp.  gr.)  ;  thus  a  constant  circulation  of  air  is  provided. 

Quick  Vinegar  Making.  The  so-callcd  quick  viucgar  process,  founded  on  an  older 
method  of  vinegar  preparation  suggested  by  Boerhaave  in  1720,  was  first  introduced 
by  Schiitzenbach  in  1823.  The  chief  principle  of  this  metliod  consists  in  bringing 
the  fluid,  generally  brandy,  to  bo  converted  into  vinegar  into  ultimate  contact  wiUi 
the  atmosphere  at  the  requisite  temperature,  or,  in  other  words,  tlie  oxidation  of  tlie 
alcohol  to  acetic  acid  is  efiected  in  the  shortest  time  and  with  the  least  possible  loss. 
The  intimate  contact  of  the  fluid  with  the  air  is  efiected  by: — i.  Increasing  the 
quantity  of  air  admitted  by  means  of  a  continual  current  of  air  being  made  to  meet 
tlie  drops  of  the  fluid  intended  to  be  converted  into  vinegar  in  opposite  direction  to 
that  in  which  these  drops  fall  downwards.  2.  By  causing  the  liquid  to  be  operated 
upon  to  trickle  down  drop  by  drop.    A  peculiarly  constructed  vessel  is  required  for 
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tlua  opemtion  ;  occordiDg  to  the  strength  of  i^incgar  desired  to  he  made  two  to  font 
of  tliese  vessels  are  employed^  these  constituting  a  group  or  buttery  as  it  is  termed. 
A  sectional  view  of  such  a  vessel  is  exhibited  in  Fig,  246  ;  it  is  made  of  stout  oaken 

staves,  the  vat  being  from  2  to   4 
Fio.  246. 
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metres  in  heigh t,  and  from  i  to  1*3  in 
^ndth  ;  at  a  height  of  from  20  to  30 
centimetres  from  tJio  bottom  of  the 
vessel  are  bored  at  equal  distance 
from  each  other  six  holes  —  air 
holes — of  about  3  centimetres  in 
diameter,  so  cut  tliat  the  inner 
mouth  of  the  hole  is  situated  a  littlo 
deeper  than  the  outer,  tliat  is  tu 
say,  the  holes  are  bored  towanls 
the  bottom  in  a  slightly  sloping 
direction.  About  one  third  of  Jk, 
metre  above  the  real  lower  boti 
a  false  bottom  is  placed,  similar  iif 
construction  to  a  sieve,  and  at  a 
lieight  of  a  centimetre  above  tht* 
air-holes;  upon  [be  false  bottom  is 
a  layer  of  beech-wood  shavings 
extejiding  upwards  to  about  from  15 
to  20  centimetres  below  the  upper  edge  of  the  vat.  Tlie  false  bottom  is  sometimes 
constructed  *»f  laths  of  wood,  forming  a  kind  of  gridiron -hke  network.  Before  tludr 
application  the  wood  shavings  are  thoroughly  washed  with  hot  water  and  next 
dried.  The  tub  is  then  nearly  filled  with  the  dry  wood  shavings,  which  are  next 
**  soured."  For  tliis  ptirpose  warm  vinegar  is  poured  over  them,  and  allowed  to 
remoia  in  contact  xviih  the  wood  for  twenty-four  hours  so  as  to  cause  tlie  noetic 
acid  to  soak  into  tlie  wood.  At  from  18  to  24  centimetres  below  the  upper  edgia 
of  the  vat  is  iixed  a  perforated  wooden  disc,  the  holes  of  which  are  as  lar; 
OS  a  goose  qvull,  and  are  bored  from  3  to  5  centimetres  apart  from  each  other. 
In  order  that  the  liquid  intended  to  be  converted  into  acetic  aeid  may  trickle  slowly, 
and  in  fine  spray,  as  it  were,  over  the  wood  shavings,  or  thin  chips  of  woodt 
tlirough  tlie  holes,  strings  of  twine  or  loosely  spun  cotton  yam  arc*  passed  so 
ts  to  penetrate  downwards  for  a  lengtli  of  3  centimetres,  while  at  the  top  a  knot 
is  tied  whicJi  prevents  the  strings  slipping  through  the  holes ;  by  the  iictioa  of 
the  liquid,  dilute  spirits  of  wino  usually,  which  is  poured  into  the  vesteU  tlie 
twine  becomes  more  or  less  swollen,  and  tlicreby  obstructs  the  passage  of  Uie 
fluid  BO  fts  to  divide  it  into  constantly  triclding  drops.  The  sieve  bottom  is  fitted 
with  from  five  to  eight  larger  holes,  each  about  3  to  6  centimetres  ^vide,  wliich  by 
means  of  ghtss  tubes,  each  of  from  10  to  15  centimetres  in  length,  inserted  and 
firmly  fastened  therein  act  as  draught  tubes,  so  placed  that  no  hquid  can  pass 
tlu-ough  tliem  The  vot  is  covered  at  the  top  with  a  tightly 4ittiug  wooden  lid, 
in  tlie  centre  of  which  a  circular  hole  is  cut,  which  serves  as  well  for  tJio 
purpose  of  pouring  the  liqtiid  into  the  vessel  as  for  the  outht  tf  Iho  air  whidi 
enters  the  vessel  from  below.    In  consequence  of  tJie  absorjitiou  of  tJic  oxyQun  mq 
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much  heat  is  generated  in  Uie  interior  of  the  vessel  tliat  the  air  streams  atronglj 
upwards,  causing  fresh  air  to  enter  hj  the  lower  air  lioles. 

After  the  vinegar  tub  has  been  soured  tlic  fluid  to  be  converted  into  vinegar— 
generally  brandy,  inore  rarely  malt  liquors  or  wine — m  poured  in ;  the  fluid  flowing 
off  from  tlie  first  vessel  is  poured  into  tlie  seeoiid,  and  if  the  original  liquid  did 
not  contain  more  than  from  3  to  4  per  cent  of  alcohol  tlie  fluid  which  runs  off  from 
the  second  vessel  will  ho  completely  converted  into  good  vinegar.  The  vinegar 
collects  between  the  tnie  and  false  bottoms.  As  will  be  seen  from  the  woodcut  the 
vinegar  cannot  flow  out  until  its  level  is  equal  to  that  of  the  mouth  of  the  glass 
lube.  In  consequence  of  this  arrangement  a  layer  of  about  16  to  20  centimetres 
in  depth  of  warm  vinegar  assij^ts  in  the  acetification  by  tlie  evolution  of  acid 
vapours  wliich  ascend  into  the  Iluid  above.  The  tube  mu^t  dip  into  the  lower  part 
of  the  fluid  in  the  interior  of  the  tub,  as  it  is  tlicre  that  the  specifically  heavier 
vinegar  collects.  The  aiTangement  will  be  readily  understood  from  Fig.  247, 
c p  is  the  perforated  bottom,  just  below  which  is  situated  the  wooden  tap,  h,  fastened 
to  the  bent  glass  tube,  m  m,  tlie  free  open  end  of  which  touches  the  bottom  of 
the  tub. 

HecenUy  (186S)  Singer's  vinegar  generator  has  been  introduced.  It  consists  of  a 
tiumher  of  vessels,  one  placed  above  the  other,  and  so  connected  together  by  wooden 
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tubes  that  tlie  hquid  intended  to  be  converted  into  vinegur  trickles  drop  by  drop 
from  tlie  one  vessel  into  tho  ♦Mher  ;  in  each  tube  is  cut  a  longitudinal  sUt,  through 
which  air  freely  circuhitcs ;  the  apparatus  is  placed  in  a  suitably  constructed  shed, 
wherein  a  convenient  teniperaturo  is  kept  up  and  from  which  4rnught  is  excluded, 
By  the  use  of  this  apparatus  the  loss  of  alcuhnl  experienced  in  the  use  of  the 
vats  above  mentioned  is  prevented.  Singer's  apparatus  is  fully  described  in  the 
"  Jalircsbericbt  der  Chem.  Teclinologie,'*  1S68,  p.  5S0. 

The  composition  of  the  tlnid  to  he  acetifjed  varies  very  much ;  one  of  the  mixtui-es 
very  generally  used  is  made  up  of  20  litres  of  brandy  of  50  per  cent  Tralles,  40 
litres  o(  vincgar»and  120  litres  of  water,  to  which  is  first  added  a  liq;uh1,  mad^r  by 
flOfiking  a  mixture  of  bran  and  lye  meal  in  water  in  order  to  promote  the  formation 
of  the  vinegar  fungus  [Mijcmlcrma  accti).  The  room  in  which  the  vats  are  placed 
should  be  heated  to  20^  to  24'' ;  tlie  temperature  in  the  vats  rises  to  36''  and  more, 
consfquently  the  alcohol,  aldelvyde,  and  acetic  acid  are  volatilised,  and  this  loss 
may  amount  to  about  onetenth  ;  taking  thia  hjss  into  account  we  raav  assume 
81 
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that  I  hectolitre  of  brandy  at  50  per  cent  Tralles  (=42  per  cent  according  to  weigbt) 
jrields  by  wcijjht — 

13  o  hectolitres  of  vinegar  of  5  per  cent  acetic  acid  contents, 
9'9  u  ..  4        .♦  ».  it 

7'9  u  >.  5 

5'fi  M  .,  7 

4'9  -  -  8 

4'4  M  M  9        ,,  „  ., 

39  M  .«  10 

When  required  for  tmnsport  it  is,  of  course,  roost  advantngeous  to  prepare  very 
ijtrung  vinegar,  which  at  the  place  where  it  is  to  be  consumed  can  be  diluted  with 
the  requisite  quantity  of  witter. 

rioeffu  irora  uut  Bsf ir-Be«i.  Viucgnr  from  the  sugar-beet  is  prepared  from  the  expresBetl 
juices  having  a  sp*  gr.  of  1*035  ^^  1*045,  diluted  with  water  to  1-025  sp.  gr,,  fermented 
with  yeast,  the  fluid  being  next  mixed  with  an  oqnal  Tolame  of  prepared  vinegar.  This 
mixture  being  well  exposed  to  the  itiilncnoe  of  the  oxygen  of  the  atmosphere,  acetification 
iooa  sets  m. 

^'^^^Sd^I  AeJfi,^*  ^'^  Pjisttur,  who  refers  acetlfication,  as  Dr.  Wa^er  tliinks 
I'lToneously,  to  a  physiologicul  process,  has  in  iS^z  described  ft  new  method  of  pre- 
poriijg  vinegar  with  the  help  of  the  vinegor  fungus,  the  Mtfcodcrma  frceli.  This 
fungus  ia  first  propagated  in  a  fluid,  consisting  of  water  and  2  per  cent  of  alcohol 
\%ith  1  per  cent  of  vinegar  and  a  small  quantity  of  phosphate  of  potash  hme  aiid 
magnesia.  The  small  pluiil  soon  spreads  itself  over  the  entire  surface  of  the  fluid, 
without  leaving  the  Kma!lej>t  space  uncovered.  At  the  Mime  time  the  alcohol  is  aceti- 
fuuh  As  soon  as  half  of  the  alcohol  is  converted  into  vinegar,  small  quantities  of 
wine  or  alcohol  mixed  with  beer  are  added  daily.  When  the  acetification  becomes 
weaker,  the  complete  conversion  of  the  free  iileohol  still  present  in  the  fluid  is  allow*Ml 
to  take  place.  The  vinegar  is  thcu  drawn  oflf  and  the  plant  again  employed  in 
the  same  apparatus,  "\lnegar  prepared  by  this  method  possesses  much  of  Uie  aroma 
characteristic  of  wine  vinegar.  An  esseiititil  condition  to  the  rapid  formation  of 
vinegar  by  tliia  meUiod  is  a  strong  devch>pincnt  of  tlie  plant.  A  vessel  with  i  squai^e 
metre  of  surface,  and  capable  of  containing  50  to  100  htres  of  fluid,  fields  daily 
5  to  6  litres  tof  vinegar.  The  vessels  are  circular  or  rectangular  wooden  tanks, 
will  I  but  a  slight  depth,  and  covered  witli  lids.  At  the  ends  are  bored  two 
small  openings  for  the  entrance  of  the  air.  Two  tubes  of  guttapercha,  pierceit 
laterally  with  small  holes,  are  camed  down  to  the  bottom  of  the  tank  and  used 
to  pour  alcohol  into  the  tank  without  opening  the  lid.  The  tank  which 
Pasteur  employed  Imd  a  surface  oY  i  squaie  metre  and  a  depth  of  20  centims. 
He  found  pliospliates  and  ammonia  tieccs^sary  for  the  growth  of  the  plant.  When 
wine  or  malt  liquor,  &c.,  is  employed,  Uiese  substances  are  present  therein  in  sutB- 
cient  qnimtity ;  but  when  only  alcohcd  is  used,  sulphate  of  ammonia,  phosphate 
potash  and  magnesia  are  added  in  such  qiiuntily  liial  the  fluid  contains  itl^tl 
of  this  saline  mixture,  to  wliich  also  stuno  vinegar  is  added.  It  has  been  long" 
known  that  the  addition  of  bread,  flour,  malt,  and  raisins  to  alcoholic  fluids  about  to 
lie  Bcetilied  greatly  promotes  tlie  formation  of  vinegar,  as  these  substances  contain 
the  requisite  organic  and  inorganic  food  suited  for  the  propogation  of  the  vinegar 
fungus. 
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^pf^JKu'i^iS.  B^^^  Dobereiner  was  the  first  wlio  pointed  out  Uiat,  witli  tiio  aid  at 
platLmmi  black,  alcoholic  vapours  could  be  acetified  in  a  very  short  time  ;  and  to  tliij* 
process  tliG  fullowing  apparatus  is  especially  aduptt-d.  Fig,  248  shows  a  small  glass 
house,  in  the  interiur  of  which  arc  secu  a  ruiinber  of  compartments.  The  shelves 
foniiing  these  compartments  support  a  number  q{  porcelain  capsules.  The  alcohol  lo 
be  acetified  is  poured  into  these  capsules,  in  eutih  of  which  is  placed  a  tripod,  also  of 
porct'laiii,  supporting  a  watch-glass  containing  platinum  black  or  spongy  platinum. 
In  the  roof  and  at  the  bottom  of  the  apparatus  are  ventilators,  so  constructed  as  to 

admit  of  regulating  access  of  air. 
Fio,  ^48.  By  means  of  a   small  steam  pipe 

tlie  interior  of  the  house  is  hratcd 
to  33'*.  By  this  means  tlie  alcohol 
is  fjtntly  evaporated,  and  coming 
into  contact  wiUi  the  platinum  black 
or  sponge,  is  acetic ed.  So  loiig  as 
tlie  ventilation  is  maintained,  the 
platinum  bhick  retiiiiis  its  property 
nf  -ixidising  the  alrohuL  With  mv 
a]['uratus  of  40  cubic  metres  capa- 
city and  with  17  kilos,  of  platinum 
black,  150  htresof  alcohol  can  daily 
he  converted  into  pure  vinegar. 
If  it  be  desired  to  prepare  tlic 
vinegar  withoiit  any  loss  of  alcohoL 
if  becomes  necessary  to  pass  the 
outgoing  air  through  a  condenser  in 
order  to  coUect  the  vapours  of  alcohol  and  acetic  acid  which  otherwise  would  be 
carriGd  off. 

TaMinfTUicgKr.  The  value  of  a  vinegar  ia  dependent  upon  its  flavour  and  upon 
its  strength,  or  upon  the  quantity  of  acetic  acid  it  contains.  According  to  its  con- 
taining more  or  less  acetic  atrid  the  vinegar  tastes  more  or  less  sour.  I'he  colour 
varies  with  the  fluid  from  which  the  vinegar  has  been  prepared;  wine  vinegar  is 
of  a  yellow  or  red-j-ellow  colour*  fruit  vinegar  ex^hihits  a  golden  colour,  brandy 
vinegar  is  colourless ;  but  as  a  rule  the  latter  is  coloured  with  caramel  in  imitation 
of  wine  vinegar.  Freshly  made  vinegar  contains  besides  small  quantities  of  uncon- 
verted alcohol,  some  aldeliyde.  which  always  occurs  largely  in  vinegar  not  properly 
prepared.  Kecently  it  has  become  customary  to  add  a  small  quantity  of  glycerine 
to  tlie  prepared  vinegar. 

The  quantity^  of  acetic  acid  contained  in  a  vinegar  depends  upon  the  alcoholic  con- 
tents of  the  fluid  lo  be  acctiiied,  and  also  upon  the  more  or  less  perfect  conversion  of 
the  alcohol  into  acetic  acid.  Malt  vinegar  contains  from  2  to  5  per  c^nt»  brandy 
vinegar  from  3  to  6  per  cent,  wine  vinegar  from  6  to  8  per  cent,  of  acetic  acid.  The 
specific  gravity  of  various  kinrls  of  vinegars  dilfers  front  1010  to  1*030  ;  tlie  more 
alcohol  a  vinegar  contains  the  lighter  is  it»  the  more  extractive  matter  the 
heavier.  The  densities  of  mixtures  of  acetic  acid  (0*11403)  and  water  are,  at 
15®  C,  according  to  Oudemans.  the  following  '. — 
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AoiiomitrT.  Commercial  yinegar  yaries  greatly  as  regards  the  qnantitjr  of  acetic  acid 
it  coutains.  ,The  specific  gravity  of  a  commercial  vinegar  is  no  certain  indication  of 
the  quantity  of  acetic  acid,  owing  to  the  fact  tliat  tlie  vinegar  nearly  always  con- 
tains foreign  matters.  The  testing  of  the  streogih  can  tliercfore  only  be  accurately 
cfleeted  by  means  of  saturaiiDg  it  witli  an  alkali.  According  to  the  ordinary  method 
first  introduced  for  this  purpose  by  Otto,  ammonia  is  added  to  the  vinegar  to  be 
tested  until  Uio  previously  added  tincture  of  litmus  becomes  again  blue;  altliough 
tliis  method  is  not  absolutely  conect--owing  to  the  fact  that  the  neutral  alkaline 
acetates  exJiibit  an  alkaline  reaction — this  does  not  much  impair  the  correctnesi ! 
of  tlds  process.  Otto's  acetometer  is  a  glass  tube  sealed  at  one  end,  36  ceutims,  I 
long  by  1*5  wide,  whereon  is  engraved  a  double  scolo  of  divisions,  one  of  theae  1 
towivrds  the  botlom  of  the  tube  serving  for  measuring  tlio  vinegar  coloured  by 
litmus^  while  the  other  upper  scale  is  intended  for  measuring  tlie  test  liquor^  Wicu 
it  is  intended  to  apply  the  test  witli  tliis  measuriBg  tube,  a  certain  quantity  (in«Jicat4'd 
by  the  divided  scale)  of  litmus  tincture  is  first  jxiured  into  the  tube»  next  vinegar  is 
added  in  sufficient  quantity  to  fill  the  tube  up  to  tlio  st^cond  division  I  afterwanla  so 
much  of  the  tei>t-]ic|uor  ts  add<;d  as  to  restore  again  the  blue  colour  of  the  litmus, 

The  quantity  of  lest  liquor  em^ojed  indicatt^s  the  percuutage  of  acetic  acid  oon» 
tiiined  in  the  vinegar.    The  teat-fluid  should  contain  1*369  per  cent  of  ajninonUL  ] 
According  to  MoUr's  method  there  are  taken  of  tJie  vinegar  to  be  tcisted 

(2C,H,0,-H,0  =  IH?  =  5i); 

and  usually  having  a  sp,  gr.  varying  between  1010  and  loti,  5*04  cc, 

^  I'OIl  / 
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or  simplj  5  ex.,  to  which  is  added  tincture  of  litmus,  the  whole  being  titi*ated  with  a 
normal  alkali  blue  (a  titrated  caustic  potossa  solution  rendered  blue  with  Htiuus).    It 
ia  better  to  tiike  10  c.c.  of  tlie  vinegar  and  linlve  the  number  of  c.c.  of  potassa 
employed. 
Examples  :^T.  io*o  c.c»  of  a  Wurtzbnrg  table  rinegar  required 

ii'S  c.c.  of  potash  eolntion,  and  the  vinegur  therefore  contained 
5*9  per  cent  of  Bo-called  anhydrous  acid,  or  6*7  per  cent  of  aeetio 
acid  (CaH^O,). 
2.  ro*o  c,c.  of  a  vmegiir  prepared  from  wood  vinegar  required 
i2'5  c.c,  of  potash  solution,  corresponding  to 
6*25  per  cent  of  anhjrdruiw  acid,  or  7*3  per  cent  (C2H40a)* 

/?.  Pi'epanttion  of  Vinegar  from  Wood  Vine^jar, 
woo4Tro«u»T.  From  the  drj^  difitillation  of  wood  a  portion  of  the  carbonised  matter 
renmins  in  the  retorts  as  charcoal,  while  tlie  remainder  of  the  constituents  of  tlie 
wood  are  eliminated  partly  in  the  state  of  gases  and  vapoiirs»  such  as  carbonic  oxide» 
carbonic  acid,  hydrogen,  light  and  heavy  carburetted  hydrogens — partly  in  the  shape 
of  a  condensed  matter,  consisting  of  a  thick,  hrowri,  oil}'  iliiid  floating  upon  a  stratum 
of  a  water)"  hquor.  The  latter,  wood  vinegar,  consists  essentially  of  impure  acetic 
acid,  some  propionic  and  butyric  acids,  small  quantities  of  oxyphenio  acid,  creosote, 

Fia.  249. 


and  an  alcoholic  wood  spirit,  a  mix  Lure  of  methyhc  alcohol  act-ton,  and  acetate  of 
mctliyl,  the  brown,  tliickish  lluid  substance  known  as  wood  tar,  consisting  of  a 
nnraher  of  both  fluid  and  solid  bodies,  parafhn,  naphthalin,  creosote,  benzol,  tohiol,  &o. 
A  well-conducted  distillation  will  yield  as  much  as  from  7  to  8  per  cent  of  the  weight 
of  the  wood  acetic  acid.  According  to  the  researches  of  H.Yohl,  peat  can  be  employed 
in  the  preparation  of  wood  vinegar  and  of  wood  spirit.  10  cM-ts.  of  peat  yield  3  kilos. 
of  acetic  acid  and  145  kilos,  of  wood  spirit.  The  Table  on  tlie  next  page  shows  the 
principal  products  of  the  destructive  distiUatiou  of  wooiL 

Raw  wood  vinegar  cod  tains  in  solution  a  not  inconsiderable  quantity  of  resin,  and 
also  «maU  quantities  of  phenol  and  guaiacoi ;  all  Hiese  bodies  impart  a  more  or 
less  broT\Ti  colour  and  empyreumatic  odour  and  fhivour,  but  they  also  render  it  a 
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Aceivlen,  C^Hj 

a.mu^n„at^«   Tntyl.C3Ha^ 

^^®  Benzol,  C6H6 

^Toluol,  C^Hs 

Toluol,  CyHa 


Xylol,  CsHio 
Naphtbalin,  CjoHa 
Carbonic  oxide,  CO 
CartM>mo  acid,  CO^ 
Hydride  of  MetLyl ,  CH^ 
HydrogpHf  H^ 


/?.  Tar 


( (7,  Wood 
Hbod  ]  d.  HygroMopie ' 
(        Water 


StjTolen,  CaHs 
Naphthaliiit  CiqH^ 
K4?ton©,  CisHis 
Paroffiiif  CioH^j,  or  Cj^H^g 

I  Citrbolic  acid,  CtHgO 
Phenol  "  Creeylic  add,  C^HgO 

PhJorylic  acid,  CjjHioO 
Quaioo!  ^Oij"phcnic  acid^CeHfiOj 

\  Combmatiotis 


Bpsin 


ci 


(CgHi 


"*  J    acidfl  with  methyl" 


Wood  Vine- 
gftT 


S.  Charcoal 


Acetic  acid,  CjHiOa 
Propionic  acid,  L^HeO* 
Batyric  acid,  C4M8OJ 
¥aleriauic  acid,  CnHioOi 
Caproio  ncid,  CioHtaO^ 
Ace  too,  CjH^O 
Acetnte  of  methyl,  C3H6OJJ 
Wood  spirit,  CH^O 
tPheiiol,  Goaicol,  and  llesiu 
i  Cftrboii         , ,     * .  85  per  ceut* 
J  Hygroscopic  water  12        „ 
lAah       3        f, 


valaable  antiseptic.  "Where  the  principal  aim  is  to  obtain  wood  vinegar*  an" 
iron  retort,  somewhat  aimilar  to  a  gas  retort»  is  employed  for  the  distillation 
of  tlie  wood;  but  in  France,  a  vertical  retort  of  Iwjilcr  plate,  exhibited  at  a. 
Fig.  249,  is  employed^  fitted  at  the  nppcr  part  with  a  tube,  o,  to  winch  is  fastened 
tlio  projecting  part,  B.  WTien  the  iron  cylinder  ia  tilled  witJi  woi>d,  a  hd  is  tightly 
screwed  on  to  it,  it  being  next  lifted  up  and  placed  into  the  cylindricjil  furnace » 11, 
by  means  of  the  crane,  n,  after  wliich  the  furnace  la  closed  at  the  top  witli 
the  firebrick  hd,  E.  The  producta  eliminated  frora  the  wood  contained  in  the 
retort  pass  into  tlie  tube  h,  Fig.  250.  and  Uience  into  tlie  condensing  apparatus,  c, 
placed  in  a  framework,  f/,  which  condensin;?  ai>paratus  is  krpt  continually  supplied 
with  cold  water  by  the  tube/,  while  the  wurm  water  flows  off  at  k.  Vinegar,  tar, 
and  wood  spirit  are  condensed  and  flow  into  the  vessel  fj,  m  which  the  tar  separates, 
the  lighter  fluids  flowing  into  h  tlirough  the  tube  i«.  Tlic  noii*condcnsed  gascs^ 
pass  through  tlie  tnl>e  t  into  the  fireplace,  where  they  assist  in  heating  the  retort, 
00  timt  but  very  little  fuel  is  required.  In  large  factories,  iuiitead  of  Uie  wooden 
receivers,  large  stone  or  brickwork  cisterns  are  employed,  generally  several  of  such 
tanks  being  use<>,  the  largest  ciuantity  of  tar  buing  coudensed  in  tht:  lirst  ciateni, 
while  thtt  wood  vinegar,  mechanically  freed  from  llie  tar  and  Heating  on  its  surface, 

*  According  to  S.  MaraKse  (1B68},  BbenisJi  beeoh-wood  ita  ereow>le  is  a  mixture  of  «qual 
parts  of — 

Creeylic  aoid,  C7HaO,  boiling  at  303', 
and  Guaiaeol  C^HbO^        „        200^ 

The  ktter  ia  mothylic  ether  with  onyphsnic  acid,  5^5 1  o,. 


Ends  its  way  into  a  second  cistcni.      Peltcnlcofers  patent  wood-gas  generntom 
produce  a  not  inconsiderable  qnantitj  of  wood  vinegar. 

pttiifyiBiW«HjvinGK&r,  liaw  wood  vinegar  is  a  clear  dark  brown  fluid,  having  a  tarry 
taste  and  smoky  cniour.  It  is  employt'd  in  fimall  qunutities  in  tho  preservation 
of  moat,  also  for  tlie  preservation 
of  wood,  ropeii,  &c  ;  but  by  far 
tlie  largest  quantity  is  employed  in 
Uie  preparation  of  tlie  various 
Acetates  used  hi  dyeing  and  calico 
printing,  chieflj'^  as  crude  acetate  of 
iron  and  crudw  acetate  of  alumina. 
It  is  also  used  in  the  preparation  *jf 
concentrat^'d  acetic  acid  for  indus- 
trial purposes,  that  is,  for  tlie  pre- 
paration of  aniline  from  nitro-bcn- 
y.ol,  and  of  sugar  (acetate)  of  lead. 
Lastly,  it  is  largely  used  in  tlie 
preparation  of  table  vinegar,  an 
operation  ccononiieiil  only  where. 
as  in  England,  there  is  a  higl 
duty  on  alcohultc  lluids, 

Among  the    means  of  purifying 
crude    wood    vinegar,    tho     most 

simple — leaving  out  of  the  question  tho  filtration  of  the  crude  liquor  over 
cofirsely  granulated  wood  charcoal  as  recommended  by  E.  Assmus^ — is  distillation, 
an  operation  nsimlly  carried  on  in  a  still  made  of  copper  fitted  with  a  copper 
condensing  apparatus.  At  first  a  yellow  fluid  comes  over — raw  wood  spirit  from 
wbi«^h  Uie  wood  spirit  of  commerce  is  prepared— and  next  the  distillate  becomes 
richer  in  acetic  acid, 

Tho  principul  methods  at  present  employed  for  Uie  puritication  of  wood  vinegar 
may  be  considered  as  falling  under  cither  of  two  classes : — 

a,  Hie  first  includes  the  purifying  of  wood  vinegar  without  saturation  witli  a 
base;  while 

^.  The  second  indudes  those  methods  in  which  tlie  wood  vinegar  is  purified  hy 
conversion  into  an  acetate,  the  acetic  acid  being  next  separated  by  dLatillatiun 
with  an  acid  possessing  greater  affinity  for  the  base. 

I'll  the  first  class  belong!?  Stoltze^s  meOiod,  consisting  in  first  obtaining  liy  dis- 
tilhition  lo  per  cent  of  a  liquid  which  is  employed  for  tiie  preparation  of  wood 
spirit  ;  So  per  cent  of  the  liquid  is  next  distilled  off  and  !he  empyreiiinatic 
substances  contained  arc  destroyed  by  tlie  action  of  either  ozone  or  chlorine. 
The  purification  of  tlio  cmdo  wood  vinegar  by  tlio  second  method  is  more 
generally  in  use  among  manufacturers,  the  inventor  of  tlie  system  being  Mollemt, 
The  crude  wood  vinegar  is  first  saturated  with  lime  and  the  solution  next 
precipitated  with  Glauber s  salt  to  obtain  ncetiito  of  soda;  this  salt  is  purified  by 
crystallisation,  and  when  in  a  dry  state  is  so  far  heated  that  tlie  empyreunintic 
matter  it  is  mixed  with  becomes  carbonised  and  is  thus  rendered  insoluble:  the 
arelate  of  soda  is  then  extracted  with  water,  and  the  acetic  acid  separated  from  it 
by  distilling  the  previously  cryslallised  and  dried  salt  with  sulphuric  acid.    Iiuitefld 
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of  acetate  of  soda  Uie  ncetato  of  lime  is  frequently  employed  ia  the  preparation  of 
acetic  acid  from  cnulo  wood  vinc^gar,  the  latter  being  saturated  with  lime,  and  the 
salt  formed  evaporated  to  drj^nc  S3,  The  dry  salt  ia  roasted  and  treated  similarly  to 
tlie  acetate  of  soda  to  calcine  any  empjTeumatic  products.  The  aeid  employed  in 
the  distillation  is.  according  to  tlie  method  invented  by  C.  Vdlckel»  hydrochloric 
acid»  The  distillation  ean  be  effected  in  a  retort  with  a  helm  of  copper  and  n 
eondenscr  of  lead,  tin,  or  silver.  Upon  loo  parts  of  acetate  of  lime  90  to  95  parts  of  i 
h3*drochloric  acid  at  i  16  §p.  gr,  are  used.  When  liydrocliloric  acid  is  used  in  tliia 
preparation  instead  of  sulphuric  acid,  any  contami nation  of  tlie  crudtf  acetate  of  lime 
writh  empyreumatic  or  tarry  matter  does  not  aflect  the  purity  of  the  acetiG  odd 
which  is  obtained,  provided  Uie  crtde  acctale  be  first  so  well  dried  as  to  be  free 
from  all  other  volatile  substances;  when  sulphuric  acid  is  used  for  tliis  purpose 
Llie  result  is  that  an  acetic  acid  is  obtained,  which  contains  not  only  a  large  quantity 
of  sulphurous  acid,  but  also  otlier  offensive  volatile  coinpountls  due  to  the  decompo- 
sition (hy  the  sulphuric  acid)  of  empyrenmatic  resins  and  tarry  matter  present  in 
the  crude  acetate  of  lime. 

Wood  Spirit.  \Mien  the  acid  liquid  obtained  by  tlie  dry  distillation  of  wood  ia 
distilled  on  the  large  scale^  there  cornea  over  at  first  a  certain  quantity  of  11 
yellow  fluid,   lighter  tlion  w^ater,   and  exhibiting  nn  ethereo- empyreumatic  odour, 

Tliis  fluid  (wood  spirit)  consists  chiefly  of  methylic  alcohol,   CH^O,  or     h^I^^ 

aceton.  acetate  of  meOiyl,  and  other  substances  to  which  no  reference  need  l>e 
made.  Wood  spirit  was  tirst  discovered  by  Taylor  in  iSu,  and  was  for  a  long 
time  only  employed  for  burning  in  spirit-lamps  ;  it  was  not  unlU  1S.23  tliat  Taylor  fotnd 
tills  body  was  a  new  substance.  W^ood  spirit  ia  in  a  pure  state  a  colourless  fluid  of 
o  814  sp.  gr.»  boiling  at  66"*  C.  It  is  in  all  respects  very  similar  to  alcohol,  and  can 
be  employed  as  a  source  of  heat  in  spirit  hmips ;  it  evaporates,  however,  more 
rapidly  and  gives  a  less  intense  heat,  for  \a  hercas  i  part  by  weigiit  of  alcohol  3'ields 
by  its  complete  combustion  to  carboaic  acid  and  water  7189  units  of  heat»  an  equal 
quantity  of  wood  spirit  only  yields  5307  units  of  heat.  It  is  employed  in  tlio 
preparation  of  furniture  polish  and  in  varniiih  making;  for  these  purposes,  how- 
ever, it  requires  to  be  well  puriJjod,  and  ita  rapid  evaporation  is  a  drawback  to  itM 
extensive  use;  confirmed  spirit  drinkers  have  now  and  then  used  it  instead  of 
whiskey  and  tlie  like,  and,  it  appears,  without  bad  efli-'cts.  Its  most  recent  use  is  m 
the  preparation  of  iodide  and  bromide  of  methyl,  which  substiuiccs  are  employed 
in  tlic  manufacture  of  violet  and  blue  conltar  colours. 


0«CbaD«i»MUror 
Wead  la  ffMunt 


The  PiiESERVATioK  ov  Wood, 

The  durability  of  wood^  viz,,  its  power  of  resisting  the  destnictivo 
influences  i)f  wind  and  weatlier,  varies  greatly,  and  depends  ns  mweh  upon  Uic 
particular  kind  of  wood  and  the  influences  to  which  it  is  exposed  as  upon  the  origin 
of  tlie  wood  (limber),  its  age  at  tlie  time  of  felling,  and  other  conditions.  Becdi* 
wood  and  oak  placed  permanently  under  wafer  may  Inst  for  centuries.  Alder  wood 
lasts  only  a  diort  lime  when  in  a  dry  sitnutiuu,  but  when  kept  under  water  it  is  a 
very  lasting  and  substantial  wood.  Tuking  into  cunbidcration  the  dilfLrent  kinds 
and  varying  properties  of  wood  and  the  dilb*rent  uses  to  wliich  it  is  applied,  we  have 
to  consider  as  regards  its  durability  the  following  particulars : — 
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1 .  Whether  it  is  more  liable  to  decay  by  exposure  to  open  air  or  when  placed  in 
damp  situations ; 

2.  Whether  it  is  when  left  dry  more  or  less  attacked  by  the  ravages  of  insects  which, 
while  in  a  state  of  larvae,  live  and  thrive  in  and  on  wood. 

Pure  woody  fibre  by  itself  is  only  very  slightly  affected  by  the  destructive 
influences  of  "wind  and  weather.  When  we  observe  that  wood  decays,  that  decay 
arises  from  the  presence  of  substances  in  the  wood  which  are  foreign  to  the  woody 
fibre,  but  are  present  in  the  juices  of  the  wood  while  growing,  and  consist  chiefly 
of  albimiinous  matter,  which,  when  beginning  to  decay,  also  causes  the  destruction 
of  the  other  constituents  of  the  wood ;  but  these  changes  occur  in  various  kinds 
of  wood  only  after  a  shorter  or  longer  lapse  of  time ;  indeed,  wood  may  in  some 
instances  last  for  several  centuries  and  remain  thoroughly  sound ;  thus  the  roof  of 
Westminster  Hall  was  built  about  1090.  Since  resinous  woods  resist  the  action  of 
damp  and  moisture  for  a  long  time,  they  generally  last  a  considerable  time ;  next 
in  respect  of  durability  follow  such  kinds  of  wood  as  are  very  hard  and  com- 
pact, and  contain  at  tlie  same  time  some  substUnco  wliich — like  tannic  acid — to 
some  extent  counteracts  decay.  The  behaviour  of  the  several  woods  under  water 
differs  greatly.  Some  woods  are  after  a  time  converted  into  a  pulpy  mass.  Other 
kinds  of  wood,  again,  undergo  no  change  at  all  wliile  under  water,  as,  for  instance, . 
oak,  alder,  and  fir. 

Insects  chiefly  attack  diy  wood  only.  Splint  wood  is  more  liable  to  such  attack  than 
liard  wood  ;  while  splint  of  oak  wood  is  rather  readily  attacked  by  insects,  the  hard 
wood  (inner  or  fully  developed  wood)  is  seldom  so  affected.  Elm,  aspen,  and  all 
resinous  woods  are  very  seldom  attacked  by  insects.  Young  wood,  which  is  full  oi 
sap  and  left  with  tlie  bark  on,  soon  becomes  quite  worm-eaten,  especially  so  the  alder, 
birch,  willow,  and  beech.  The  longer  or  shorter  duration  of  wood  depends  more  or 
less  upon  the  following  conditions : — 

a.  The  conditions  of  growth.  Wood  from  cold  climates  is  generally  more  durable 
than  that  grown  in  warm  climes.  A  poor  soil  produces  as  a  rule  a  more  durable 
and  compact  wood  tlian  docs  a  soil  rich  in  humus,  and  therefore  containing  also 
much  moisture. 

h.  The  conditions  in  which  the  wood  is  placed  greatly  influence  its  duration.  The 
warmer  and  moister  the  climate  the  more  rapidly  decomposition  sets  in  ;  wliile  a  dry. 
cold  climate  materially  aids  tlie  preservation  of  wood. 

c.  The  time  of  felling  is  of  importance :  wood  cut  do\\Ti  in  winter  is  considered 
more  durable  tlian  tliat  felled  in  suimner.  In  many  countries  the  forest  laws  enjoin 
the  felling  of  trees  only  between  November  15  and  February  15. 

Wood  employed  for  building  purposes  in  the  country',  and  not  exposed  to  either 
heat  or  moisture,  is  only  likely  to  suffer  from  the  ravages  of  insects  ;  but  if  it  is  placed 
so  that  no  draught  of  fresh  air  can  reach  it  to  prevent  accumulation  of  products  of 
decomposition,  decay  soon  sets  in,  and  the  decaying  albuminous  substunces  acting  upon 
the  fibre  cause  it  to  lose  its  tenacity  and  become  a  friable  mass.  Under  the 
influence  of  moisture  fungi  are  developed  upon  ihe  surface  of  the  wood.  These  fungi 
are  severally  known  as  the  "house  fungi"  [Thetephora  domestica  and  Boletus 
destructor),  the  clinging  fungus  {Cerulius  vastator).  They  spread  over  the  wood  in  a 
manner  very  similar  to  the  growth  of  common  fungi  on  soil.  Their  growth  is  greatly 
aided  by  moisture  and  by  exclusion  of  light  and  fresh  air.  A  chemical  means  of 
preventing  such  growths  is  found  in  the  application  to  the  wood  of  acetate  of  oxide  of 
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iron,  the  acetate  being  prepared  from  wood  vinegar.  Wood  is  often 
injuriously  affected  when  exposed  to  sea  water^  wlien  it  is  attacked  by  a  peouliflirl 
kind  of  insect  known  as  tlie  bore-worm,  Teredo  navalis.  This  insect  is  anned  witb 
a  homed  heak  capable  of  piercing  Uie  hardest  wood  to  a  depth  of  36  centimetres, 
Tlie&e  insects  originally  beloM;j£€d  to  and  abound  in  great  number  in  the  seas 
under  tlie  tropical  chnie :  but  the  Teredo  mivtiUif  is  met  witli  on  tlie  coasts  of 
Holland  and  England. 

'*"1taPteSc^r^*^  The  means  usiially  adopted  to  prevent  the  destruction  of  wood  by 
decay  are  the  following : — 

r.  The  elimination ^  as  much  as  possible,  of  the  water  from  llie  wood  previously 
to  its  being  employ eil ; 

2.  The  elimiuatiuu  of  the  constituents  of  the  sap ; 

3.  By  kcepmg  np  a  good  circulation  of  air  near  tlie  wood  so  as  to  prevent  its 
suffocation,  as  it  is  termed  ; 

4.  By  chemical  alteration  of  the  constituents  of  the  sap  ; 

5-  By  the  gradual  mineralisation  of  the  wood  and  thus  the  elimination  of  the  organic 
matter. 

Drying  wowj.  I,  Thoroughly  tlried  wood  remains  for  a  long  time  toialtercd  while  in 
a  dry  situation,  more  especially  so  when  dried  by,  so  etrong  a  heat  Hint  it 
becomes  browned.  When  timber  has  to  be  put  inlo  a  damp  situation,  it  should, 
after  having  been  well  dried,  lie  first  coated  with  a  suitable  subsliince  to  prevent 
the  moisture  penetrating  into  the  wood.  This  purpose  is  attained  by  cooling 
the  wood  with  liusccd  oil.  so-called  Stockholm  tar.  coal  tiir.  creosote,  and  other 
hydiocarbons.  Hutin  and  Boutigny  adopt  the  following  metliod  to  prevent  the 
absoqjtion  of  moisture  by  w*H>d  that  ia  put  into  the  ground.  The  portion  of 
tJie  post  or  wood  to  be  buried  is  tirst  immersed  in  a  vessel  containing  benzol, 
petroleum,  ijhotogen,  &c.,  and  when  taken  out  is  ignited  and  thus  charred, 
When  extinguished  the  wood  is  put  to  a  depth  of  from  3  to  6  centimetres  into  a 
mixture  of  pitch,  tar,  and  asphalle»  and  next  the  entire  piece  of  wood  is  thoroughly 
IJiiinted  over  witli  tiur* 

Eiim)ii*aon^oMb«OMMUtotftU  j  ^hc  coustitucnth  of  the  sap  are  tlie  chief  cause  of  the 
decomposition  of  wood»  tind  they  should  consequently  be  removed:  many  plans  ore 
adopted.  In  order  tJiat  the  wood  may  contain  the  smallest  quantity  of  sup,  it  sliould 
be  felli'd  during  the  winter  mondia.  Tlie  constituejds  of  the  sap  con  bo  eliminated 
from  the  felled  tree  by  three  melhrnts  : — 

o.  By  treatment  with  <?okl  wntf  r,  with  which  the  wood  musl  be  ifaoroughly  saturated 
to  dissolye  tbe  constituents  of  the  sap,  which  are  removed  when  the  wood  in  cxpowd  to  a 
stream  of  water.  It  is  evident  that  with  large  timber  a  long  time  is  ueueBauy  to  enaaro 
perfect  saturation, 

6.  By  employing  boiling  wnter  the  ^np  is  removed  mueh  more  quickly  and  efficiently. 
The  pieces  of  wood  are  plftced  iu  an  iron  vesstd  with  wnter  and  boiled.  Large  pieces  o( 
timber  cannot  be  treated  in  tliis  manner,  but  are  immerst^d  in  a  ciBtern  in  which  the  fluid 
is  heated  by  means  of  ^team.  Aceordin(*  to  the  thickness  of  the  wood,  the  boiling 
oticupies  some  6  to  12  hours. 

c.  By  treatment  with  steam  ffiteaming  of  wood)— the  most  eflectual  method  of  removing 
the  constituents  of  tbe  sap,  the  hygroscopicity  of  the  wood  thus  treated  beiug  reuiiereil 
nmeh  Icra,  while  the  wood  is  far  more  fitted  to  resist  the  efTects  of  weather.  The 
ftpparatuH  employed  in  carrying  out  the  method  consists  of  a  boiler  for  the  generation  of 
Hteam,  and  a  ci«teru  or  steam  chamber,  for  the  reception  of  the  wood,  this  chamber  being 
coji>.trueted  of  masonry  and  cement,  *>f  boiler  pbite,  c»r  being  simply  a  large  and  very  ' 
wi<ie  iron  pipe.  In  most  cases  a  jet  of  steam  is  conveyetl  from  the  boiler  to  the  steam- 
chambfT,  where  it  penetrates  the  wood,  and  disfloives  oat  the  constituents  of  the  sap, 
which  on  beiDg  condensed  in  alMwed  to  run  off.    In  the  cubo  of  oak,  this  fluid  is  of  a 
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black-browu  colour;  with  mahogany,  a  brown-red ;  with  linden  wood,  a  red-yellow;  and 
with  cherry  tree  wood,  a  red,  Ac.  The  operation  is  finished  when  the  outflowing  water  is 
no  more  coloured.  The  steamed  wood  is  dried  in  the  air  or  in  a  drying  room  ;  it  loses 
5  to  lo  per  cent  in  weight  by  the  process,  and  becomes  of  a  much  darker  colour. 
The  steam  is  sometimes  worked  at  a  temperature  of  above  ioo°,  but  generally  the  con- 
tents of  the  steam  chamber  are  maintained  at  60°  to  70".  Towards  the  end  of  the 
operation  some  oil  of  coal-tar  is  introduced  into  the  bouer,  and  is  consequently  carried 
over  with  the  steam,  impregnating  the  wood. 

The  removal  of  the  sap  can  also  be  efifeoted  to  some  extent  by  means  of  mechanical 
pressure  between  a  pair  of  iron  rollers,  which  are  gradually  brought  more  closely 
together.  Another  method  is  by  means  of  air  pressure.  Barlow  employs  for  this 
purpose  a  metal  case  in  which  the  wood  is  enclosed,  and  to  one  end  of  which  an  air 
pump  is  attached.  Air  being  forced  into  the  tube  or  case,  the  sap  flows  away  at  the  end 
opposite  to  which  the  pump  is  attached.  But  both  these  methods  are  costly  and  not  in 
all  cases  applicable. 

AirDrmina.  3.  The  Construction  of  air  drains  or  passages  around  woodwork  to  be 
preserved  is,  where  tho  method  is  applicable,  a  great  aid  to  the  preservation  of  the  wood. 
The  consideration  of  the  best  means  of  effecting  ventilation  in  this  respect,  is  not  a 
matter  with  which  we  can  deal  in  this  work.  It  is  sufficient  to  say,  that  in  many 
instances,  the  air  channels  are  connected  on  the  one  hand  with  the  open  air,  and  on  the 
other  with  the  chimney. 

^MUtatltuJ?^°sip?  4-  ^^®  ^^  ^®  ™^^^  usual  and  most  eflective  means  of  pre- 
venting the  decomposition  of  wood  is  by  effecting  a  chemical  change  in  the 
constituents  of  the  sap,  so  Ihat  fermentation  can  no  longer  be  set  up.  To  this  class 
belongs  the  well-known  plan  of  protecting  woodwork  that  is  to  be  exposed  to 
the  action  of  the  moisture  of  tlie  earth  by  charring  tJie  wood,  eitlier  by  fire  or 
by  treatment  with  concentrated  sulphuric  acid,  so  that  the  wood  is  coated  to  a  certain 
depth  with  a  layer  of  charcoal,  the  charcoal  acting  as  an  antiseptic.  The  charring 
or  carbonisation  of  the  wood  can  bo  effected  either  with  the  help  of  a  gas  flame  or 
the  flame  from  a  coal  fire.  The  apparatus  of  De  Lapparent,  invented  for  this  purpose, 
became  very  generally  employed  in  1866  at  tV.e  dockyards  of  Cherbourg,  Pola,  and 
Dantzic.  According  to  another  method  llie  wood  is  impregnated  tliroughout  its 
whole  mass  with  some  substance  that  either  enters  into  combination  with  the  con- 
stituents of  tlie  sap,  or  so  alters  their  properties  as  to  prevent  tlie  setting  up  of 
decomposition.  To  this  class  belong  the  four  following  methods,  these  being  tho 
only  ones  that  have  met  with  any  more  extensive  use. 

I.  Kyan's  preserving  fluid  is  a  solution  of  bichloride  of  mercury  of  variable 
degree  of  concentration.  In  England  a  solution  of  i  kilo,  of  corrosive  sublimate  in 
80  to  100  litres  of  water  is  generally  employed  for  railway  sleepers.  Tlio  timber  is 
laid  in  a  watertight  wooden  trough,  containing  the  solution,  where,  according  to  its 
size,  it  remains  a  longer  or  shorter  time.  In  Baden  the  wood  remains  in  the 
kyanising  solution,  when  it  is  to  be  impregnated  to  a  depth  of — 

82  m.m.  for  4  days. 
85  to  150        .,         7     ., 

150  to  180       „       10    ,, 

180  to  240        „       14    „ 

240  to  300        „       18     ,, 

tJie  solution  consisting  of  1  kilo,  of  sublimate  to  200  litres  of  water.  TJie  prepared 
wood  is  washed  with  water,  rubbed  dry,  and  tlien  placed  in  sheds  free  from  exposure 
to  rain  and  strong  sunlight.  The  principal  action  of  the  bichloride  of  mercury  is  to 
convert  the  albumen  of  the  sap  into  an  insoluble  combination,  capable  of  with- 
standing decomposition,  while  tlie  bicliloride  becomes  gi-adually  reduced  to  proto- 
cliloride  of  mercury  (calomel).    A  great  objection  to  tliis  method  is  the  danger  to 
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which  the  carpenter  or  joiner  who  may  afterwards  sliape  the  wood  is  exposed,  tlie 
free  chemicals  acting  upon  his  f;}  stem  Ihrough  his  Jxande,  nostrils,  and  mouth.  In 
England  wood  to  be  Varnished  is  seldom  kyanised. 

Erdnoann  remarks  ujion  tliis  plan  of  preserving  wood  that  tlie  interior  of  the  log  ia 
still  left  in  its  original  condition.  To  answer  tlie  objection  tlie  kyanising  has  l)«en 
made  more  eflt?ctivc  by  placing  the  wood  into  a  water-tight  trough,  with  the  solution 
of  sublimate,  and  by  a  great  pressure  of  air  Ihorouglily  inipregnaticg  the  wood. 
Kyanising  by  this  metliod  becomes,  however,  as  expenisive  as  any  other  impregnation 
method.  liecently  tliero  haa  been  substituted  for  the  pure  bichloride  of  mercury  a 
double  salt  of  the  formula  HgCl^-f  KC1»  obtained  by  decomposing  a  solution  of 
carnallite  with  oxide  of  mercury. 

2,  Burnett's  patent  (1840!  tiuid  consists  of  i  kilo,  of  chloride  of  zinc  dissolved  ia 
90  litres  of  water.  Wood  treated  witli  Burnett's  lluid  has  been  buried  in  earth  for 
five  years  without  undergoing  any  change,  while  unprepared  wood  buried  for  the 
same  length  of  time  has  been  totally  destroyed.  Chloride  of  zinc  has  been  much 
used  in  German}'  as  an  impregnating  material.  Besides  this  salt  sulphate  of  copper 
and  acetate  of  oxide  of  zinc — ^pyrolignite  of  zinc  (Scbeden's  metliod),  have  been 
employed.  Tho  action  of  the  copper  and  zinc  salts  may  be  explained  by  considering 
that  tlie  metallic  oxides  of  the  basic  salt  formed  during  seasoning,  separates  and 
combines  with  the  colouring  matter,  tannic  acid,  resin,  &c*  of  the  wood,  to  form  an 
insoluble  compound. 

3,  Belhell's  (1838)  patented  method  consists  in  treatment  under  strong  pressure 
with  a  mixture  of  tar,  oil  of  tar,  and  carbolic  acid»  this  mixture  being  known  com- 
mercially by  the  name  of  gaUotln»  In  and  near  London  wood  thus  treated  has 
remained  eleven  years  in  the  earth  without  undergoing  change  ■  other  pieces  of 
timber  so  treated  were  subjected  to  tlic  action  of  the  sea  for  four  years  and  still  were 
in  good  condition.  Vohl  employs  for  preservation  peat  and  broivn  coftl  creosote ; 
Leuclis  uses  parafHu.  Such  agents,  however,  render  wood  treated  witli  them  highly 
inflammable. 

4,  Payne's  method.  Tfiis  includes  two  patents,  the  first  having  been  taken  out  in 
1841.  Both  are  btised  ou  the  impregnation  of  tlic  wood — first  witli  one  salt,  and 
next  with  another  salt,  which  is  capable  of  forming  a  precipitate  insoluble  in  water 
and  sap  of  the  wood  y^^xih  tlje  first*  The  first  solution  is  usually  one  of  sulphate  of 
iron  or  of  alum,  then  follows  a  solution  of  chloride  of  calcium  or  of  soda.  The  woml 
to  be  impregnated  is  placed  in  a  vessel  from  which  the  air  is  exliausted,  tlio 
first  scdution  being  then  admitted,  and  Bubser|uently  pressure  is  apphed.  The  first 
solution  being  removed,  tlie  second  ia  admitted,  and  pressure  again  applied.  It  is 
necessary  to  dry  the  w'ood  partially  between  the  two  impregnations,  Payne's 
metliod,  mucli  used  in  England,  possesses,  moreover,  the  ad^-antago  of  rendering  the 
wood  somewhat  uninflammable.  The  same  effect  results  with  the  methods  of  Buchner 
and  Von  Eichtlial,  who  impregnate  the  wood  with  a  solution  of  sulphate  of  irnn» 
and  then  with  a  water-glass  solution,  whereby  the  pores  of  the  wood  are  hlh  d  with 
ferro -silicate.  Ransomo  attains  the  same  end  by  an  impregnation  with  a  water-glass 
solution  and  subsequent  treatment  v\ith  nn  acid.  It  is  found  that  the  treatment  of  wood 
according  to  the  above  methods  is  generally  attended  with  good  results.  A  method 
of  impregnation  with  materials  forming  an  insoluble  soap,oleato  of  alumina,  oleate  of 
copper,  &c,»  patented  in  1S62,  has  given  some  moderate  results  on  the  small  scale. 

MbucAUiinit  w«><L  5.  When  the  terms  mincrali.scd;  petrified,  metalltBed,  or  incrust«d 
are  appHed  to  wood,  tliey  include  the  meaning  tliat  the  wood  has  undergone  impre;;- 
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nation  with  an  inorganic  substance,  which  has  so  filled  the  pores  of  the  wood  that  it 
may  be  said  to  partake  of  the  characteristics  of  a  mineral  substance.  Suppose  that 
the  wood  has  become  impregnated  with  sulphate  of  iron,  when  exposed  to  the  rain 
the  sulphate  will  be  gradually  dissolved  out,  in  time  leaving  only  a  basic  sulphate. 
By  the  researches  of  Striitzki  (1834),  of  Apelt  in  Jena,  and  of  Kulilmann  (1859),  the 
influence  of  oxide  of  iron  upon  wood  fibre  has  been  rendered  very  clear.  Wood 
impregnated  with  basic  sulphate  of  iron  ceases  to  be  wood  after  some  time. 

^°topregMUon*r^°'  ^'  "^^^  method  consists  in  the  impregnation  of  the  wood  with 
the  necessary  substance,  in  a  manner  similar  to  tlie  natural  filling  of  the  pores  with 
sap  ;  that  is  to  say,  the  solution  is  introduced  into  the  tree  from  its  roots,  and  is  thus 
made  to  take  the  place  of  tlie  sap  in  all  parts  of  the  timber.  When  tlie  tree  is  felled 
the  root  end  is  placed  in  a  solution  of  •the  salt  (sulphate  of  copper,  acetate  of  iron), 
and  allowed  to  remain  for  some  days ;  at  the  end  of  the  required  time  the  wood  will 
have  become  completely  impregnated  with  the  salt.  Occasionally  this  method  is 
employed  in  colouring  woods,  colouring  matter  being  used  instead  of,  or  as  well 
as,  the  salt.  The  linden,  beech,  willow,  elm,  alder,  and  pear  tree  can  be  treated  in 
this  manner.  The  fir,  oak,  ash,  poplar,  and  cherry  tree  do  not,  however,  absorb  the 
impregnating  fluid  sufficiently. 


Tobacco. 
Tobacco,  Tobacco,  as  employed  for  snuff  and  for  smoking  and  cliewing,  is  the 
product  of  various  kinds  of  annual  plants  belonging  to  the  genus  Nlcotiana,  of  the 
family  of  Solanea,  generally  cultivated  in  warmer  parts  of  the  globe,  but  capable  of 
growing  in  countries  situated  under  52°  N.  lat.  The  best  tobaccos  are  grown  in 
America,  and  are  cliiefly  exported  from  the  southern  states  of  North  America,  viz., 
Maryland,  Virginia,  &c.,  from  Orinoko,  Havanna,  and  Cuba,  &c.  The  European 
tobaccos  are  tliose  of  Holland,  Hungary,  Turkey,  and  France.  In  Europe  three 
separate  botanic  varieties  are  cultivated.     They  are : — 

1.  Common  or  Virginian  tobacco   (NicotiaJia   tal)acum)f  with   a  large  lancet-shaped 

ribbed  leaf. 

2.  Maryland  tobacco  {Nicotiana  macrophylla)^  with  broad  and  not  so  strongly  pointed 

leaves  as  tbose  of  the  common  tobacco  plant. 

3.  The  farm  or  violet  skin  tobacco  {Nicotiana  rusticajj  with  an  oval  leaf  and  long  stalk. 
The  quality  of  the  tobacco  is  dependent  upon  the  climate,  upon  tlie  soil,  and  upon 

the  seed  it  is  obtained  from.  Next  to  the  vine,  tlie  tobacco  plant  is  tliat  requiring  the 
most  care  in  its  xjultivation.  The  influence  of  careful  culture  is  so  great,  that  plants 
grown  in  some  parts  of  Germany  yield  tobacco  unequalled  by  some  of  the  richest 
tropical  produce. 

According  to  the  most  recent  researches,  tobacco  contains  the  following  sub- 
stances : — 

1  Potash 
Lime 
Magnesia 
Oxides  of  iron  and  manganese 
Ammonia 


lifineralands 


^T^i'  I  Nicotine 


base 


Malic  acid  (Tobacco acid?) 

Nitric  acid 

Citric  acid 

Hydrochloric  acid 

Organic  . 

Acetic  acid 

Sulphuric  acid 

acids 

Oxalic  acid 

Phosphoric  acid 

Pectic  acid 
^Ulmic  acid 

m 
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Other  mineral  f  Silica 
substances  i  Sand 


Other  organic 
substances 


Nicotianiu 

Green  and  yellow  resin 

Wax  or  fat 

Nitrogenous  substanoet 

Celliilose 


\chl  Competition  ot  th« 
TobMoeo  Lenf. 


Tho  chief  chtu-acterisiic  constituents  of  the  tobacco  leaf  aw 
the  three  following  : — namely*  nicotianin,  nicotine,  and  malic  acid.  Nicotianin,  or 
tobacco  camphor,  is  a  fatty  substauce.  possessing  6trougly  the  odour  of  tobacco,  and 
a  bitter,  aromatic  flar*jur.  Experience  has  shovin  tliat  the  varieties  of  tobacco  con- 
taining the  most  nicotianin  are  those  most  preferred.  It  is  generally  considered  that 
nicotianin  is  identical  with  ciimarin  (C^HaOa)*  found  in  the  tonka  bean  (Dlptenjs 
odoratft),  in  tlic  Aitprnda  odorata,  in  Hie  MMlutun  offkinaJi^,  and  Anthroxantkum 
odoratvm^  as  well  as  in  the  leaves  of  the  Athjraevam  frafjrnua^  and  the  LhtstrU  otlora- 
thsima.  Nicotine  (CioHi4N2)  is  an  organic  base,  and  exists  in  a  pore  condition  as  a 
colorirless  oil.  possessiing  the  odour  of  tobacco  and  a  caustic  flavour;  it  is  soluble  in 
water,  alcohol,  etlier,  and  gome  oils.  It  is  even  in  ver)*  small  doses  a  deadly  poison ; 
and  in  the  very  smallest  quantities  it  will  cause  convulsions  ami  paralysis.  The  pro- 
portion of  nicotine  met  witli  in  t!ie  various  kinds  of  tobat:co  leaves  varies  greatly. 
From  the  experiments  of  Schlocsing,  made  with  many  kinds  of  French  and  American 
tobaccos,  the  following  quantity  per  cent  of  nicoUno  is  found  in  tlie  dry  leaves  of 
tobacco  from : — 


Departem  ent  Lot 

„  Lot-et'Garonpe 

Nord 

,,  Ille-et'Villuinc 

Pas  de  Calais 
Alsace 

Virginia , 

Kentucky 

Marjdand  

Havanna  


less  111  an 


Nicotine, 
796 

754 
658 
6-2g 

494 
321 
6*87 
6og 
2*29 
200 


Dried  snuff-tobacco  contains  about  2  per  cent  of  nicotine,  nnd  contains  on  on 
average  in  its  undried  (usual!  condition  33  per  cent  of  water,  the  nicotine  tlien 
amonnting  to  1*36  per  cent.  Tlie  nicotine  is  contained  in  the  tobacco  in  the  form  of 
a  salt.  The  characteristic  acid  is  nitotic  or  tobacco  acid,  C3H4O4,  which  recent 
numerous  researches  have  proved  to  be  identical  with  malic  acid.  Tlie  tobacco  leaf 
also  contains  albumen,  woody  fibre,  gxims,  and  resin.  The  leaves  are  also  verj'  rich 
in  mineral  constituents,  tlicse  amounting  to  19  to  27  per  cent  of  llie  weight  of  the 
fined  leaf,  Mer«  obtained  about  23*33  P*^*"  *^^^^^  <^sh  with  several  varieties  of 
tobacco  leaf.  100  parts  of  this  ash  contained  potash,  2696 :  soda,  2*76;  lime,  3953  ; 
magnesia,  9^61 ;  chloride  of  sodium,  9  65;  sulphuric  acid,  278;  silica,  4*51  ;  and 
phosphate  of  iron,  420  jtarts,  TImtc  is  found,  ;Uso,  nitrate  of  potash,  tlie  quantity  of 
which  iloes  not»  however,  influence  the  combustibiUty  of  the  tobacco, 
uumfuctur)  of  Tr»iMeeo.  Good  Smoking  tobacco  should  give  off  an  agreeable  odour, 
shotild  not  deflagrate  while  burning,  and  not  bito  the  tongue.  Taatc  diflVrs  consider- 
lb!y  in  tlic  respect  of  strength  in  tliis  country  from  abroad ;  nowhere  but  in  the 
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United  Kingdom  are  such  strong  smoking  tobaccos  met  with.  Tlic  freshly  dried 
tobacco  leaves  are  not  suited  for  smoking,  because  they  contain  a  verj'  considerable 
amount  of  albuminous  matter^  and  on  burning  give  off  an  odour  of  burnt  horn,  while 
they  contain  too  large  a  quiintitj  of  nicotine*  The  preparation  or  manufacture  of 
tobaceo  aims  at  the  moro  or  less  complete  destruction  of  the  albuiniiious  matters,  the 
partial  elimination  of  the  nicotine,  and  tlie  dcTelopment  of  a  peculiar  aroma,  while 
'he  leaves  arc  formed  by  niechauioal  means  into  a  suitjible  nliftpc  for  smoking  and 
snuffing.  The  leaves  are  moistened  with  wiiter  and  placed  together  in  heaps  so  as  to 
cause  a  kind  of  fermentation,  the  temperature  increasing  to  about  35%  the  effect  of 
which  is  that  the  albuminous  matter  of  tlie  tobaeco  is  destroyed,  while  aromatic 
substances  are  developed.  This  process  is  assisted  by  tJie  addition  of  what  the  trade 
terms  **  sauce/*  but  nothhig  is  known  of  the  reactions  and  changes  ivhich  tuke  place. 
When  the  tobacco  leaves  are  gathered  from  the  plants  they  are  laid  one  upon  the  otJier  to 
the  number  of  ten  or  twelve  and  placed  in  heaps  inadrj^sliedtCarebeing  taken  to  cover 
the  heaps  mth  canvas.  As  soon  as  the  sweating  sets  in,  the  leaves  are  suspended 
one  by  one  on  ropes  stretcned  throu;gh  the  shed,  and  dried  by  exposure  to  a  current 
of  air;  when  dry  the  leaves  are  packed  together  to  the  number  of  thirty,  so  as  to 
form  a  bundle,  several  hundreds  of  which  are  put  together  iuto  casks.  The  weight 
oftlie  casks  tilled  Avith  tobacco  averages  from  19  to  26  cwts.  In  some,  but  by  no 
means  in  all  instances,  tlie  cultivators  of  tobacco  prepare  the  leaves  to  some  extent  by 
first  moistening  them  with  brine  aud  causing  them  to  undergo  a  partial  fermentation. 
The  leaves  are  then  dried  and  packed  in  casks.  By  this  means  the  tobacco  may  be 
preserved  for  a  great  muny  yeiirs,  improving  with  age. 

sraoUnii  ToUeeo.  The  tobacco  leaves  are  tirst  sorted ;  that  is,  those  of  the  same  colour 
and  thickness  are  put  together.  They  are  next  stripped,  tlie  thicker  parts  (stem  or 
iierve)  being  cut  out,  because  as  tliese  consist  cliiefly  of  woody  fibre  they  would  on 
burning  impart  an  unpleasant  mlour  to  tlie  tobacco*  The  leaves  are  next  sauced  or 
moistened  with  a  liquor  containing  chiefly  saJts  (common  salt,  saltpetre,  sal-ammo- 
niac, nitrate  of  ammonia),  s>acoharine  matter,  spirits,  and  some  organic  acids,  sucli  as 
tartaric  and  oxalic  acid ;  the  salts  assist  in  tlie  preservation  as  well  as  in  the 
retardation  of  tJie  combustion  of  the  tobacco.  The  other  siLbstances  impart,  under 
tlie  iniluence  of  fermentation^  a  peculiar  aroma  tu  tl^e  tobacco,  which  aroma  is  some- 
uxnes  compared  to  the  iwuciuet  of  wine.  The  sauced  leaves  are  next  submitted  to 
fermentation,  dried  at  a  gentle  heut,  and  finally  cut  into  slureds  by  means  of 
macliinery.  Tobacco  leaves  are  also  twisted  or  spun  together  ;  for  instance,  iu  tho 
kind  known  as  twist.  Cigars  are  tobacco  enveloped  in  a  smootli  leaf*  The  fact 
tliat  cigars  are  improved  by  keeping  is  due  to  a  kind  t*f  slow  fermentation,  during 
which  the  aroma  it»  more  fully  developed,  \^hile  noxious  substances  are  eliminated* 

Tobacco  smoke  contains,  in  addition  to  carbonic  acid,  water,  and  sumo  ammotna, 
the  products  of  tlie  dry  distillation  of  tobacco,  to  which  the  pecuiiur  llavour  is  due — 
among  these  substances  are  nicotine  and  nicotianin.  Zeise  found  in  tobac  A)  smoke  a 
jjeculiar  empyrcmatieal  oil^  butyric  acid,  ammonia,  carbonic  acid,  paraffin,  empyreu- 
matic  resin,  traces  of  acetic  ncid,  oxide  of  carbon,  and  carbui'etted  hydrogen. 

Curiously  enough,  burning  tobacco  does  not  form  carbohc  acid  nor  creosote;  hence 
tobacco  smoke  aii'ects  ilie  eyes  less  tlian  does  the  smoke  of  smouldering  wood.  Zeise 
experimented  on  Porto  Itico  tobacco ;  but  his  researches  fail  to  convey  any  informa- 
tion  as  to  the  constitution  of  the  essential  aroma  of  tobacco  smoke ;  in  this  respect  it 
is  witli  tobacco  as  with  the  bouquet  of  fine  brands  of  wine,  chemical  reagents  cannot 
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detect  tJie  difference.  But  it  is  certain  that  tobacco  smoke  containa  conjugated 
anmnMiias,  and  as  aniline  lifls,  in  very  dilute  state,  a  similarity  in  odour  witli  the 
emo}(e  cf  good  tobacco,  it  may  be  present.  Carbolic  acid  may  also  be  produced  b/j 
the  dry  distLUation  of  tobacco.  The  combustibility  of  tobacco  is  not  proportional  t^  the 
quantity  of  nitric  acid  (nitrates)  it  contains,  because  while  Kentucky  tobacco,  rich  in 
nitrates  bums  badly,  tli©  Java,  Maryland.  Brazilian,  and  Hungarian  tobaccos,  poor 
in  nitrates*  bum  readily,  Sclila^sing  lias  receutJy  investigated  the  cause  of  the 
varying  degree  of  the  combustibility  of  tobacco.  He  found  that  the  portion  of 
tobacco  ash  soluble  in  water  always  contains  carbonate  of  potash  in  proportion  to  the 
combustibility  of  the  weed.  When  tobacco  was  carbonised  by  smoking,  the  soluble 
portion  of  the  ash  was  foimd  to  contain  only  cltloride  of  potassium  and  sulpliate  of 
potash,  A  biidly  burning  tobacco  is  improved  by  saucing  it  with  the  solulinn  of  a 
potash  salt  of  some  organic  acid  {malic,  citric,  tartaric,  or  oxahc  acid),  and  tlwn 
drying  the  tobacco ;  on  the  other  hand,  a  good  burning  tobacco  is  deteriorated  by 
treatinjf  it  with  solutions  of  eitlier  sulphate  of  lime,  chloride  of  calcium,  or  the 
corresponding  magnesia  and  anunonia  compounds.  The  cause  of  this  phenomeunxi 
appears  to  be  due  to  the  fact  that  the  potash  salts  of  tlie  organic  acids  yield  on  being 
carbonised  a  bulky,  light,  and  very  porous  charcoal,  which  rotulily  burns  off,  leaving 
only  ash,  while  the  charcoal  formed  by  the  combustion,  inukr  the  same  conditions, 
of  the  organic  lime  salts  is  very  compact,  hard,  and  burning  off  witli  difficulty, 

Battfl.  For  the  making  of  snuflf  the  tobacco  leaves  are  sorted  as  for  smoking 
tobacco,  but  the  sauce  is  cMefly  composed  of  ammoniacal  salts  and  aromatic 
substances.  The  fermented  leaves  are  formed  into  caraiten,  thick  beet-root  shaped 
masses  tapering  from  the  centre  to  both  ends,  but  not  drawn  out  into  a  thin  spindle; 
these  carottes  are  rasped  {rappi)  by  means  of  maelunery,  and  thus  converted  into 
powder.  After  having  been  sifted,  this  powder  is  again  moistened  and  submitted  to 
another  fermentation,  SnulF  contains  nicotine,  partly  free,  partly  as  a  neutral  or 
basic  (probably  acetate)  salt  to  on  amount  of  about  z  per  cent.  Snuff  also  contains 
ammonia  combined  with  an  acid.  It  is  to  tlie  presence  of  these  substances  that  snuff 
owes  its  irritating  acU*^n  on  the  mucous  meml>n^rie.  In  order  to  prevent  snuff 
from  becoming  dry  glycerine  is  fiequently  added 

Tlie  aim  of  the  fermentation  of  the  tobacco  for  the  purpose  of  snuff  making  appe4iT8 
lobe: — I.  The  formation  of  a  peculiar  oil  or  ether  which  imparts  aroma.  2.  The 
partial  destruction  of  the  nicotine  of  the  tobacco  so  as  to  render  it  better  fitted  for 
use  as  snuff.  3.  The  production  of  alltaliniiy  by  the  partial  destruction  of  tlie 
organic  acids  of  the  tobacco.  4.  Evolution  of  a  specific  flavour  by  the  formation  of 
vapours  of  carbonate  of  ammonia  (probably  also  of  ammonia  bases,  such  as  ethyl* 
amiu),  and  nicotine.  5,  The  conversion  uf  the  albuminous  matters  and  other 
nitrogenous  substuuees  into  ammonia,  whereby  the  loss  of  ammonia  by  volatilisation 
is  made  un  and  a  black  substance  (humus),  to  which  snuff  owes  its  dark  colour,  at 
the  same  tunc  formed. 


Tbchnoloqy  of  Essential  Ou.s  and  Hesisis. 
K-»*tiUEi04UmdR*fciM.  Thcsc  substauces  almost  all  occur  naturally.  To  the  essen- 
tial oils  most  plants  owe  their  odour  aud  ilowers  their  perfume.  The  essential  oil  in 
plants  is  met  with  enclosed  in  cells;  honce,  after  bruising  a  plant,  or  tho  ports 
cc^n ruining  the  essential  oil,  tho  peculiar  odour  is  more  perceptible :  for  instance,  by 
gently  rubbing  between  the  fingers  the  leaves  of  some  kinds  of  geranimns,  meUssa, 
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lemon-plant,  &c.  Essential  oils  do  not  impart  to  the  fingers  a  fatty,  but  a  rather  rough, 
harsh  feeling.  A  large  number  of  essential  oils  possess  the  property  of  precipitating 
silYer  from  its  ammoniacal  solution  in  a  metallic  state;  hence  the  use  of  essential 
oUs  in  silvering  glass  (See  p.  281). 

prei«»uon  of  Eiientui  oii«.  Theso  oils  are  cliiefly  obtained  by  submitting  parts  of 
plants,  previously  ground  to  a  coarse  powder,  to  distillation  with  water.  Although 
the  boiling-point  of  these  oils  is  generally  much  higher  than  that  of  water,  the  oils 
are  mechanically  carried  over  in  a  minute  state  of  division  with  the  aqueous  vapour. 
When  oils,  the  boiling-point  of  wliich  is  very  high,  have  to  be  extracted,  some  common 
salt  is  added  to  the  water  to  heighten  its  boiling-point.  In  order  to  separate  the  oil 
from  the  water  there  is  employed  a  peculiarly  shaped  vessel  called  a  Florentine 
flask.  In  this  way  the  essential  oils  of  aniseed,  chamomile,  lavender,  peppermint, 
cloves,  cinnamon,  &c.,  are  obtained,  wliile  tlie  most  common  essential  oil,  viz.,  that  of 
turpentine,  is  obtained  by  the  distillation  of  Venice  turpentine  with  water. 

^fiiTb^p^^'''^  The  essential  oils  largely  met  with  enclosed  in  the  cells  of  the 
sldn  of  lemons,  oranges,  bergamots,  and,  in  fact,  all  the  fruits  belonging  to  the  Citrus 
species,  are  obtained  by  pressing  tlio  rind  of  these  fruits.  Although  the  greater 
nimiber  of  the  essential  oils  occur  ready  formed  in  various  parts  of  the  plants,  some 
of  these  oils  are  the  result  of  the  action  of  water,  as,  for  instance,  the  essential  oil 
of  bitter  almonds,  which  is  formed  by  the  action  of  water  upon  amygdalin  under  the 
influence  of  a  pecular  albuminous  compound  called  synaptase  or  emulsin ;  the 
essential  oil  of  mustard  seed  is  formed  in  a  similar  manner,  but  may  be  artificially 
prepared  by  distilling  a  mixture  of  iodide  of  propyl  and  cyanide  of  potassium,  &c. 

^bylSSS  of^'IttV oii2"*  Some  of  the  essential  oils,  more  especially  those  present  in 
flowers,  are  so  sparingly  distributed  that  they  can  only  be  obtained  by  digesting  the 
fresh  flowers  with  pure  olive  oil  or  with  cotton- wool  soaked  in  sweet  olive  oil,  tlie 
fresh  flowers  being  placed  in  alternate  layers  between  the  cotton  saturated  with  oil ; 
in  some  cases  pure  lard  is  employed.  The  essential  oils  may  be  recovered  from  the 
sweet  oU  by  agitation  with  strong  and  highly  rectified  alcohol.  The  essential  oils  of 
jasmine,  sweet  violets,  hyacinths,  &c.,  are  obtained  in  this  manner. 

'"'ESSiSaoiiJ.*^'  These  oils  are  more  or  less  soluble  in  water,  and  the  solutions 
are  known  in  pharmacy  as  distilled  waters.  The  essential  oils  are  soluble  in  alcohol 
in  proportion  to  the  amount  of  oxygen  they  contain.  Upon  tliis  property  is  based 
the  use  of  these  oils  in  perfimiery  and  for  the  preparation  of  liqueurs  (cordials). 

Petfunwry/  This  branch  of  industry  provides  us  with  scented  waters  (esprits  eaux  d$ 
senteur),  odoriferous  extracts  (extraiU  a  odeurs),  perfumed  fats,  pomatums,  oils,  &c. 
Scented  waters  are  really  alcoholic  solutions  of  one  or  more  essential  oils.  The 
alcohol  used  fortius  purpose  requires  to  be  very  pure  and  perfectly  free  from  fusel  oil 
or  other  impurity.  The  oils  are  dissolved  in  the  alcohol,  and  in  order  to  blend  the 
mixture  and  render  it  mellow,  it  is  kept  for  several  months  in  a  bottle  befor^  being 
sold.  The  old  process  of  distillation  is  very  properly  discarded,  because,  owing  to 
the  high  boiling-point  of  the  oils,  a  portion  was  left  in  the  still,  while  the  scented 
waters  thus  prepared  were  inferior  in  quality.  Eau  de  Mille  Fieurs  is  prepared  by 
dissolving  in  9  litres  of  alcohol,  60  grms.  of  balsam  of  Peru,  120  grms.  of  oil  of 
bergamot,  60  grms.  of  oil  of  cloves,  15  grms.  of  neroli  oil  (oil  of  orange 
flowers,  a  very  expensive  oil),  15  grms.  of  oil  of  th^Tne,  adding  to  the  mixture 
4  litres  of  orange-blossom  water,  120  grms.  of  tincture  of  musk,  obtained  by 
digesting  15  grms.  of  civet  and  75  grms.  of  musk  with  2  litres  of  alcohol.  Eau 
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ih  Cologne  is  obtiLiiicd  by  dissolving  in  6  litres  nf  alcohol  32  grms.  of  essential 
oil  of  oriuige-peel  and  equal  quantities  of  oil  of  bergamot,  lemon,  eiHrnre  (i(^ 
Umette^  e$$ence  tU  petit  g rains,  16  gnus,  eaenee  d€  cedro,  iind  equal  quantities  of 
tnence  de  c&lrat,  e$unc0  de  Portuijal ;  further,  8  grms.  of  neroli  oil  and  4  grms.  of 
ros^mitry. 

Tlie  perfumed  extracts  iire  gencmlly  obtained  by  I  he  exhaustion,  by  means  of 
alcohol*  of  tlie  scented  fats  and  oils  prepared  kom  flowers  as  before  described. 
Doebereincr  first  suggested  the  use  of  urtiliicial  perfumes;  among  these  are  an 
ditmicia  pcriomo*.  alcohoHc  solution  of  acetate  of  amyl  as  pear  oih  Taierate  of  amyl  as 
apple  oil,  buterate  of  amyl  as  pineapple  oil,  pelargonate  of  elhyl  as  oil  of  quinces, 
suberatc  of  clbyl  as  essence  of  mulberries,  while  nitrobenzul  mixed  with  nitrotoluol 
(commercial  nitrobenzol)  is  termed  artifieiiil  oil  of  idmondiJ,  and.  when  veiy  coarse,  is 
sold  as  e$seftre  de  Mirhanc^  chielly  used  for  the  preparation  of  aniliue.  The  perfumed 
fata  (pomatums)  of  better  quality  are  generally  prepared  from  an  infusion  of  tlio 
flowers  vdih  oil  or  fat  at  a  temperature  of  65",  or  by  a  process  of  digestion  in  the 
cold  by  placing  the  flowers  in  layers  between  pure  lard  or  cotton-wool  soaked  in 
very  pure  olive  oil ;  enjleurafje  is  tiio  name  given  to  this  operation.  The  ordinary 
pomatums  are  made  simply  of  lard  or  maiTow-fat  coloured  \^ith  turmeric,  aimatto,  or 
ftlkanet  root,  and  ptTfumed  with  a  ftw  drops  of  some  essential  oil, 

mptntkmoCOMiAifti*.  The  aim  of  the  preparation  of  liqueurs  (conliak)  is  to  render 
brandy  a  more  agreeable  beverage  by  the  addition  of  sugar,  glycerine,  and  aromatic 
substances,  A  distinction  is  made  betweim  finer  liqueurs  {tosoqUo}  and  ordinaiy 
cordials  {aqnn  vitit)  according  to  the  quality  of  the  materials  employed  for  the  purpose, 
When  a  sufficiently  large  quau tit}'  of  sugar  is  used  tu  render  tlie  liqueurs  tliiekly  fluid 
Uiey  are  designated  crimes,  while  those  made  witli  the  juices  of  fruit  obtained  by 
pressure,  sugar,  and  alcohol,  are  called  ratafia.  These  liqueurs  are  nut  prepared  lo 
any  great  extent  in  Oils  countrjs  but  in  France,  Italy.  Austria,  and  especially  HoUand, 
tJie  preparation  is  ou  a  large  scale. 

The  basis  of  all  liqueurs  is  a  very  highly  rectilied  and  pure  aleohoL  The 
vegetable  materials  used  in  the  Ittjucurs  may  be  classified  under  tlu'ce  beads : — In 
die  first  place,  such  vegetable  substances  as  contain  esseutiul  oils  and  are  nsecl 
for  that  reason  only,  carraway,  aniseed,  juniper-berries,  mill^  lemon-peel,  omnge* 
blossom,  and  bitter  almonds.  These  substances,  previously  bruised  or  cut  up,  are 
digested  witli  alcohol,  the  mixture  being  next  distilled,  or,  as  ja  more  generally  the 
case,  alcohulic  solutions  of  tlie  essential  oils  are  employed  and  the  preparatiou 
performed  in  the  cold.  To  the  second  class  belong  such  vegetable  substances  as  are 
used  for  tlie  &ake  of  their  essential  oil  and  for  their  aromatic  bitter  substance®, 
chietly  roots,  such  as  sweet  calamus,  guutian,  ginger,  orunge-peel,  unripe  bitter 
Cuni^oa  apples  la  peculiar  land  o(  orange),  woiiuwood,  cloves,  ciunamon,  vanilla  (the 
[K>d  of  an  orchidaceous  plant  origimdiy  brought  from  Mexico) .  These  substances 
having  been  bruised  are  digested  with  alcohol  either  at  the  ordinary  temperature  of 
the  air  or  at  50^  to  6o^  the  result  being  tlie  foniiHti«>n  of  what  is  ternied  a  tincture. 
To  tlie  tliird  class  belong  fruits,  such  as  ehoiries.  pine -apples,  struwberries,  rasp* 
berries,  tlie  juice  of  which  is  obtained  by  pressure,  passed  ilirough  a  sieve,  and 
mixed  witli  alcoliol  and  sugar  or  syrup,  via:.,  a  solution  of  4  lbs.  of  rehned  loaf-sugar 
in  4  litres  of  water.  The  liqueurs  generally  contain  from  46  io  50  per  c^jnt  of  alcohoL 
It  is  customary  to  colour  the  liqueurs  rc4  with  santalwood,  cochineal,  aniline  red, 
or  witli  Uie  Coectti  poloniati,  as  is  the  case  Tilth  Uie  celebrated  Alkermes  de  Firens<». 
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a  liqueur  made  at  Florence ;  yellow  with  saffron,  turmeric,  or  marigold  flowers 
(Calendula) ;  green  by  mixing  yellow  and  blue ;  blue  witli  tincture  of  indigo ;  violet 
with  aniline  violet ;  while  in  many  cases  caramel  is  used  to  impart  a  brown  colour. 
The  so-called  crimes  contain  for  every  litre  of  liquid  about  i  lb.  of  sugar  or  a  corre- 
sponding quantity  of  glycerine.  As  an  instance  of  the  composition  of  a  liqueur. 
Maraschino  consists  of  4  litres  of  raspberry  water,  i\  litres  orange-blossom  water, 
I  \  litres  kirschwasser  (a  S\tiss  preparation — from  cherries  fermented  and  distilled — a 
strong  spirituous  liquid  which  contains  hydrocyanic  acid) ,  18  lbs.  of  sugar,  and  9  litres  of 
alcohol  at  89  to  90  per  cent.  Liqueurs  are  very  similar  to  crimes y  but  contains  less 
sugar.  English  bitter  contains  5  parts  of  flavedo  corticum  aurantiorum  (outer  rind 
of  dried  orange  peel),  6  parts  of  cinchona  bark,  6  parts  of  gentian,  8  parts  of  Carduus 
benedictf  8  parts  of  centaury,  8  parts  of  wormwood,  4  of  orris  root  digested  with 
54  litres  of  alcohol  at  50  per  cent,  while  after  filtration  12  lbs.  of  sugar  are  added. 
Cherry  ratafia : — 20  litres  of  cherry  juice,  20  litres  of  alcohol  at  85  per  cent,  30  lbs. 
sugar,  and  usually  4  to  8  litres  of  bitter  almond  water.  Peppermint: — 2i  litres  of 
essential  oil  of  peppermint  dissolved  in  i  litre  of  alcohol  at  80  per  cent ;  this  solution 
is  poured  into  54  litres  of  alcohol  at  72  per  cent  sweetened  with  60  lbs.  of  sugar 
previously  dissolved  in  26  litres  of  water,  and  coloured  with  citlier  tincture  of  indigo 
or  turmeric. 

Rosin*.  By  the  action  of  the  oxygen  of  the  air  most  of  the  essential  oils  are 
gradually  thickened,  and  at  length  convertedinto  a  substance  termed  resin.  Kesins 
are  frequently  met  with  in  the  vegetable  kingdom ;  in  some  instances,  as  with 
coniferous  trees,  resin  flows  spontaneously  from  the  wood  in  combination  witli  an 
essential  oil,  so-called  Venice  turpentine,  which  hardens  by  exposure  to  air.  Some 
resins  are  extracted  from  vegetable  matter  by  means  of  alcohol,  this  solution  being 
either  precipitated  with  water  or  evaporated  to  dryness.  Resins  are  either  soft,  and 
are  then  termed  balsams,  chiefly  solutions  of  resin  in  essential  oils,  or  hard.  To  the 
former  belong  Venice  turpentine,  Canada  balsam,  balsam  of  Peru,  Copaiva  balsam, 
&c. ;  to  the  latter,  amber  (a  fossil  resin),  anime,  copal,  gum  dammar,  mastic,  shellac, 
asphalte.  The  gum  resins  are  obtained  from  incisions  made  in  certain  kinds 
of  plants,  the  milky  juice  of  which  hardens  by  exposure  to  air ;  these  substances 
are  partly  soluble  in  water,  and  yield  with  it  in  many  instances  an  emulsion  ;  for 
instance,  assafcetida,  gum  gutti,  &c.  Many  gum  resins  possess  a  very  strong  odour 
and  contain  essential  oils.  Althougli  it  is  customary  to  treat  of  caoutchouc  and 
gutta-percha  under  the  head  of  resins,  tliese  substances  are  not  related  to  resifts  at 
all,  but  belong  to  a  separate  class  of  bodies,  among  which,  according  to  Dr.  G.  J. 
Mulder's  researches,  the  so-called  diying  oils  must  be  enumerated. 

^Siu^w. "  Sealing-wax  of  modern  time  (for  medieval  sealing-wax  was  really 
a  mixture  of  wax  with  Venice  turpentine  and  colouring  matter)  is  prepared  from 
shellac,  to  which  some  turpentine  is  added  in  order  to  promote  fusibility  and 
prevent  brittleness.  Red  sealing-wax  and  bright  coloured  wax  are  made  of  a 
very  pale,  sometimes  even  purposely  bleaclied,  shellac,  while  black  and  dark 
coloured  sealing-wax  are  made  of  more  deeply  coloured  shellac.  In  addition  to 
shellac  and  turpentine,  sealing-wax  contains  oartliy  matter,  added  not  only  for  the 
purpose  of  increasing  tlie  weight,  but  also  for  preventing  tlie  too  rapid  fusion 
of  the  mass;  chalk,  magnesia,  plaster  of  Paris,  zinc-whito,  sulphate  of  baryta, 
kaolin,  finely-divided  silica,  are  employed  for  this  purpose.  Red  sealing-wax  w 
prepared  by  melting  together  in  an  iron  pan  placed  on  a  charcoal  fire  4  parts  of 
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sheBac,  i  part  of  Venice  turpentme^  and  3 
being  taken  to  stir  the  mixture  constantly, 
composed  of: — 

I. 

Shellac  ...     * 550 

Turpentine    ...  ^  ...     ***    740 

Chalk  or  nmgnesia      300 

Gypsum  or  zinc-wliite        ...     .*.     200 

Baryta  whit«        — 

YrTmillion     ...     130 

Oil  of  turpenline  , ...     — 


part3  of  cinnabar   (vcrmiUion^  care 
Ordinary  red  sealing-wax  h  oft^n 


2. 

3. 

4- 

5' 

620 

550 

700 

600 

6tU> 

600 

540 

600 

200 

— 

— 

— 

100 

3S0 

300 

300 

2^0 

340 

300 

30c 

— 

-- 

20 

25 

The  cook'd  but  still  soft  mass  is  either  rolled  on  a  filab  of  marble  and  shaped  intd 
sticlcb,  or  the  fluid  mass  is  run  into  brasa  moulds.  Perfumed  scaliog-wax  contaijis 
either  benzoin  resin,  storax,  or  balsam  of  Peru.  The  various  colours  are  imparted  by 
cobalt  ultram urine  (cobalt  blue),  chromate  of  lead,  bone-black,  &c.  Marbled  sealing- 
wax  is  made  by  mixing  variously  coloured  sealing-wax  together.  Inferior  kinds  of 
sealing-wax — parcel- wax — are  coloured  with  red  oxide  of  iron,  while  instead  of 
shellac  ortUnary  resin  is  used  with  gypsum  or  chalk.  New  Zealand  resin,  the 
produce  of  the  Xanthorrlura  hattiliSj  is  now  frequently  used  instead  of  sheUac. 

Afpb«ite.  '  This  material  sometimes  known  as  bitumen,  is  a  I  kick,  glossy,  brittle 
rcain,  probably  formed  by  tlie  gradual  oxidation  of  petroleum  oil ;  it  occurs  very 
largely  ou  the  island  of  Trinidad,  on  the  northern  coast  of  S.  ^Imcrica,  at  the  mouth 
of  the  Orinoco,  on  the  water  of  the  Dead  Sea  (anciently  Lacua  Aiphaltit^)^  and 
in  some  other  localties,  viz.  France,  Seyssel,  Departement  de  TAin,  a  limestone  con- 
taining 18  per  cent  of  asphalt.  By  boHing  this  limestone,  previously  broken  up 
into  small  lumps,  with  water,  there  is  obtained  an  asphalte,  7  parts  of  whidi  are 
mixed  with  90  parts  of  native  asphalte  limestone.  The  materials  are  ground  up 
together  and  are  employed  for  paving  purposes,  being  compressed  witli  heavy  and 
highly  heated  irons.  Asphalte  also  occurs  at  Val  de  Travers,  Smtzcrland ;  Limmcr, 
Hanover ;  Lobsann,  Lower  Alsace ;  and  iji  tlie  Northern  Tyrol.  Asphalte,  or 
bitumen,  is  somewhat  soluble  in  alcohol,  readUy  so  in  Persian  naphtlia,  oil  of  turpen- 
tine, benzol,  and  ben:eoline*  It  is  used  in  varnish  makhig  (iron  varnish),  in  engra- 
ving copper  and  steel,  as  an  etching  ground,  tual  as  an  oil  paint,  Asphalte  mixed 
witli  sand,  lime,  or  limestone.  Is  largely  used  for  paving  puiposes,  being  durable  and 
somewhat  elastic ;  it  is  employed  for  this  purpose  either  in  a  pasty  or  semi-fused 
state,  or  in  powder.  Instead  of  native  aBphaJte,  Busses  terresin,  a  mixture  of  coal- 
tar,  lime,  and  sulphur  is  sometimes  used,  as  well  as  coal  tar  aspliaUe,  obtained  from 
gasworks.  The  residue  of  the  distillation  of  coal-tar  is  often  employed  instead  of 
luaphalte,  and  pebbles  mingled  witli  cuabtar  are  now  used  to  form  excellent  footpaths 
in  Bome  parts  of  the  metropolis. 

Oftc«i«iio«e.  Elastic  gum  or  india-rubber,  is  derived  from  the  the  milky  juice  of  a 
series  of  plants,  occurring  also  in  opium ;  but  the  commercial  article  is  ubtalned 
from  the  millty  juice  of  various  trees  belonging  to  the  natural  orders  of  Uie  Urtie^rt, 
Euphorhiacea^  Apoqfnea.  Among  the  trees  which  yield  eaoutcliouc  in  hu-ge  quantity 
are  the  Siphonia  cahucu^  in  South  America,  and  the  Eiist  Indian,  Urccola  ehutica. 
FicuM  ehifticci^  F.  religiosa,  F,  ifidim,  also  yield  caoutchouc.  It  is  obtained  by 
making  incisions  in  the  tree  and  collecting  the  exuding  juice  in  vessels  of  dried  clay 
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The  juice  is  solidified  by  the  application  of  fire  or  by  exposure  to  the  sun's  rays ;  the 
variety  known  as  lard  gum  is  usually  dried  by  exposure  to  the  sun.  Perfectly  pure 
caoutchouc  is  a  wliite,  and  in  tliin  sheets  semi -transparent,  substance ;  its  texture  is 
not  fibrous ;  it  is  perfectly  elastic,  becoming  turbid  and  fibrous  when  strongly 
stretched.  Excessive  cold  renders  it  hard  but  not  brittle.  The  specific  gravity  of 
caoutchouc  is  0925.  Although  hot  water  and  steam  renJer  caoutchouc  soft,  it  is  not 
further  acted  upon  by  them.  It  is  insoluble  in  alcohol,  not  acted  upon  by  dilute 
acids  or  strong  alkalies,  while  for  a  very  long  time  it  resists  the  action  of  chlorine. 
Strong  sulphuric  and  nitric  acids  decompose  india-rubber,  and  when  red  fuming 
nitric  acid  is  employed  a  violent  combustion  ensues.  If  when  strongly  stretched 
india-rubber  is  placed  in  cold  water  for  a  few  minutes  it  temporarily  loses  its 
elasticity,  which  it  regains  by  being  immersed  for  a  few  minutes  in  water  at  45°.  By 
exposure  to  a  gentle  heat  caoutchouc  becomes  supple,  and  finally  melts  at  200",  with 
partial  decomposition,  forming  a  viscous  mass  which  does  not  again  become  solid  on 
cooling.  When  caoutchouc  is  ignited  in  contact  with  air  it  bums  with  a  sooty  flame. 
Of  all  substAnces  with  which  we  are  acquainted  none  would  be  better  suited  to  gas 
manufacture  than  caoutchouc,  which,  according  to  experiments  made  many  years  ago 
at  Utrecht,  yields  at  red  heat  rather  more  than  30,000  cubic  feet  of  gas  to  the  ton,  the 
gas  being  quite  free  from  sulphur  and  ammonia  compounds,  and  its  illuminating 
power  very  superior  to  tliat  of  the  best  oil  gas.  Unfortunately  caoutchouc  is  much 
too  high  priced  for  this  application.  Caoutchouc  may  be  kneaded  with  sulphur 
and  other  substances  by  the  aid  of  heat,  becoming  converted  into  what  is  known  as 
vulcanised  india-rubber,  vulcanite,  ebonite,  &c.  When  caoutchouc  is  submitted  to 
dry  distillation,  at  much  below  red  lieat,  it  yields  only  oily  fluids,  consisting  of 
carbon  and  hydrogen  (caoutcheu,  heveen,  &c.),  which  are  j^ar  excellence  solvents  for 
caoutchouc.  Caoutchouc  itself  contains  only  carbon  and  hydrogen,  its  formula  being 
C4H7  (in  100  parts:  875  carbon  and  125  hydrogen) ;  probably,  however,  caoutchouc 
is  a  more  complex  mixture  of  various  hydrocarbons. 
soiTcnu  of  CMutchonc  ludia-rubbcr  is  soluble  in  alcohol-free  etlier,  in  the  oils 
(empyreumatic)  of  caoutchouc,  in  Persian  naphtha,  oil  of  turpentine,  sulphide  of 
carbon,  and  in  chloroform.  Industrially  the  ethereal  solution  of  caoutchouc  is* 
useless,  because  it  contains  hardly  more  than  a  trace  of  that  substance.  As  regards 
oil  of  turpentine,  it  dissolves  caoutchouc  only  when  the  oil  is  very  pure  and  with  the 
application  of  heat ;  the  ordinary  oil  of  turpentine  of  commerce  causes  india-rubber 
to  swell  rather  than  to  become  dissolved.  In  order  to  prevent  the  viscosity  of  the 
india-rubber  when  evaporated  from  this  solution,  i  part  of  caoutchouc  is  worked  up 
with  II  parts  of  turpentine  into  a  thin  paste,  to  which  is  added  k  part  of  a  hot  and 
concentrated  solution  of  sulphuret  of  potassium  (K2S5)  in  water ;  the  yellow  liquid 
formed  leaves  the  caoutchouc  perfectly  elastic  and  without  any  viscosity.  The  solu- 
tions of  caoutchouc  in  coal-tar  naphtha  and  benzoline  are  most  suited  to  unite  pieces 
of  caoutchouc,  but  the  odour  of  the  solvents  is  perceptible  for  a  long  time.  As 
chloroform  is  too  expensive  for  common  use,  sulpliide  of  carbon  is  tlie  most  usual 
and  also  tlie  best  solvent  for  caoutchouc.  This  solution,  owing  to  the  volatility  of  the 
menstruum,  soon  dries,  leaving  the  caoutchouc  in  its  natural  state,  ^^^len  alcohol  is 
mixed  with  sulphide  of  carbon  the  latter  does  not  any  longer  dissolve  the  caoutchouc, 
but  simply  softens  it  and  renders  it  capable  of  being  more  readily  vulcanised. 
Alcohol  precipitates  solutions  of  caoutchouc  and  gutta-percha. 
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^**rSdilr.ElEb«y.**  ^^  Indla-mbber  is  used  to  cloan  paper,  rub  out  bluck-leAd  pencil 
murlts,  for  making  waterproof  fabrics  i macintosh},  rubber  aponge,  tubing,  ekstic  web©, 
lutes,  kc. 

viiic4ai««-i  cuooichrxtc.  Wien  Ciioutchouc  is  immersed  for  some  time  in  molteii  sulpbar 
it  absorbs  tiie  latter,  and  becomes  converted  into  a  yellow,  very  elastic  mass.  The 
properties  of  vulcunised  india-nibbcr  are :  elastit^ity  even  at  low  temperatures,  wbile 
ordinary  india-rubber  hardens  at  ^^,  Vulcanised  india-rubber  is  insoluble  in  the  sol- 
vents of  caoutchouc.  It  resists  compression  to  a  very  great  extent ;  hence  ita  use 
instead  of  steel  Bprings  on  the  tramway  cars.  According  to  Ojo  old  metliod 
caoutchouc  was  vulcanised  by  being  phiced  for  some  ten  to  fifteen  minutes  in 
thin  plates  in  molten  sulphur  heated  to  120*",  Ujc  weiglit  of  the  caoutchouc  increasing 
10  to  15  per  cent.  The  material  was  subsequently  meclmmcally  treated  by  pressure, 
and  then  heated  to  150*.  In  order  to  prevent  eiHorescence  of  the  sulphur, 
caoutchouo  is  sometimes  heated  to  120",  and  then  kneaded,  by  the  aid  of  powerful 
machinery,  with  eithtT  kcrmes  (SbaS^),  or  a  mixture  of  sulphur  and  sulphuret  of 
arsenic.  At  the  present  day  Parkes's  method  is  generally  adopted  ;  the  caoutchouc  is 
simply  immersed  in  a  mixture  of  40  parts  of  sulphidu  of  carbon  and  i  pari  of 
chloride  of  sulphur ;  it  is  next  placed  in  a  room  heated  to  ax",  and  when  all  the  sul- 
phide of  carbon  has  been  volatilised,  the  jirocess  is  in  so  far  compkto  that  it  is  only 
re<iuisito  to  boil  the  material  in  a  solution  of  500  gmts.  of  caustic  potassa  to  10  liti-es 
of  water,  the  vulcanised  caoutcliouc  being  next  waslied  to  remove  excess  of  alkali. 
Becenlly  (1870)  Humphrey  has  introduced  the  use  of  pelrukum  ether  (Lenzoline) 
instead  of  sulphide  uf  carbon,  as  the  former  fluid  dissolves  chloride  of  sulphur 
readily.  H.  Guultier  do  Claubry  uS6o)  vulcanises  caoutchouc  by  tlie  lud  of 
bleaching-powder  and  tlowors  of  sulphur.  This  mixture  produces  cliloride  of 
sulphur,  and  the  caoutchouc  treated  by  it  contains  some  chloride  of  calcium. 
Neither  this  process  nor  that  of  Gerard — the  use  of  ft  Bolution  of  pcntasulpliide  of 
potassium  of  25"  to  30'*  B.,  aided  by  a  tenipeniture  of  150^,  and  a  pressure  of 
5  atmo.spheres  or  75  lbs.  to  the  square  inch — are  practically  available  on  the 
large  scale.  Articles  of  vulcanised  india-rubber  are  made  of  ordinary  caoutchouc 
•and  then  vulcanised.  The  uses  of  vulcanised  india-rubber  are  so  many  and  60 
generally  known  that  it  is  hm-dly  necessary  to  enumerate  them. 

In  the  year  1S52  Good^'ear  discovered  a  process  by  wliich  caoutchouc  is  rendered 
hard  and  woodlike,  being  tljca  termed  vulcanite  or  ebonite.  This  substance  exhibits 
a  block  or  brown  colour,  and  is  largely  used  for  makhig  combs,  imitadou  jet 
ornaments,  stethescopes,  and  a  variety  of  articles.  The  preparation  of  ebonite  differs 
from  that  of  vulcanite  only  in  the  inticduction  of  a  larger  amount  of  sulphur 
(30  to  60  per  cent),  at  a  higher  temperature,  witli  the  addition  of  otlier  substancoa, 
shellac,  guttapercha,  asphalte,  chalky  sulphate  of  baryta,  pipe- clay.  suJp  burets  o( 
zinc,  antimony,  or  copper,  &c.  Ebonite  is  capable  of  talting  a  high  polish ;  does 
not,  as  is  the  case  with  horn,  become  rough  when  cleaned  with  hot  water,  and  is  to 
some  extent  elastic.  Vulcanised  caoutchouc  mixed  with  sand,  emery,  and  quartx. 
is  used  for  sharpening  agricultural  implements,  scythes,  aicklcs,  &c, 

piw!ncUf»n  %oA  c^»t»ttinption  Til©  total  quantity  of  caoutchouc  produced  in  1870  iiinount4id  lo 
ef  ocoutehottfl.  120,000  cwts.,  of  whioh  th©  isl&nd  of  Java  yielded  60.000  curls, 

Tb«  consumption  is  fully  equal  to  the  supply,  the  largest  quantity  being  used  in  Korlh 
America,  35,000  cwtw, 

onMfrPwehA.  Plnsttc  gum,  guttft  or  getah-perchft,  gettannia  gum.  tuban  ^tiua,  ia  a 
rabstanoe  in  many  reBpects  similar  to  caoutchouc ;   it  is  the  inspijisated  juice  of  tha 
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Isonandra  gutta,  a  tree  growing  in  Malacca,  Borneo,  Singapore,  Java,   Madnra,  and 
adjacent  countries. 

Gutta-percha  was  at  first  obtained  by  felling  the  trees  and  collecting  the  exuding 
juice,  either  in  suitable  vessels  or  in  shallow  pits  dug  in  the  soil,  or  in  baskets  made 
from  banyan  leaves,  the  juice  being  left  to  coagulate  under  the  action  of  the  sun. 
More  recently  deep  incisions  are  made  in  the  trees  and  the  exuding  juice  collected. 
The  lumps  of  solid  gutta-percha  thus  obtained  are  united  by  softening  in  hot  water 
and  by  pressure.  The  raw  gutta-percha  of  commerce  is  a  dry,  red,  or  marbled  mass, 
not  unlike  leather  cuttings  which  have  been  pressed  together ;  tlie  raw  material  con- 
tains as  impurities  some  sand,  small  pieces  of  wood  and  bark,  and  sometimes  other 
inspissated  vegetable  juices  of  less  value  than  gutta-percha.  The  name  gutta- 
percha really  means  Sumatra  gum,  this  island  being  known  in  Malay  language  as 
Pulo-percha.  When  perfectly  pure  gutta-percha  is  quite  white,  its  ordinary  brown 
colour  being  due  to  an  acid  msoluble  in  water,  which  is  present,  partly  free,  partly  as 
insoluble  salts  (of  magnesia,  ammonia,  potash,  and  protoxide  of  manganese), 
of  apocrenic  acid ;  but  in  addition  there  is  a  small  quantity  of  organic  colouring 
matter.  Gutta-percha  is  a  mixture  of  several  oxygen-containing  resins,  which 
appear  to  be  the  products  of  the  oxidation  of  a  hydrocarbon,  the  formula  of  which  is 
CaoHfio.  Pay  en  found  in  gutta-percha  the  following  substances  : — 75  to  80  per  cent 
of  pure  gutta-percha;  14  to  16  per  cent  of  a  white  crystalline  resin  termed  alban; 
and  from  4  to  6  per  cent  of  an  amorphous  yellow  resin  named  fluavil.  Previously  to 
being  used  gutta-percha  is  cleansed  from  dirt  by  a  mechanical  process  of  kneading 
in  warm  water,  being  then  usually  rolled  into  thick  plates  or  slieets.  The  purified 
material  exhibits  a  chocolate-brown  colour,  is  not  transparent  unless  first  reduced  to 
sheets  as  thin  as  paper,  when  the  gutta-percha  is  in  transparency  equal  to  horn.  At 
the  ordinary  temperature  of  the  air  gutta-percha  is  very  tough,  stiff,  not  very  clastic 
nor  ductile.  Every  square  inch  of  a  strap  of  gutta-percha,  if  of  good  quality  and  as 
homogeneous  as  possible,  can  sustain  a  strain  of  1872  kilos,  without  breaking.  Its 
sp.  gr.  =  0*979.  At  50°  it  becomes  soft,  and  at  70°  to  80"  it  is  so  soft  as  to  be  very 
readily  moulded,  while  two  pieces  pressed  together  at  this  temperature  become 
perfectly  joined.  By  the  aid  of  heat  gutta-percha  can  be  rolled  into  sheets,  drawn 
into  wire,  and  kneaded  into  a  homogeneous  mass  with  caoutchouc. 

soivenu  of  Gutta-Porcha.  Gutta-pcrcha  is  lusoluble  in  water,  alcohol,  dilute  acids,  and 
alkalies  ;  it  is  soluble  in  warm  oil  of  turpentine,  sulphide  of  carbon,  chloroform,  coal- 
tar  oil,  caoutchouc  oil,  and  in  the  somewhat  similar  oil  obtained  by  the  dry  distilla- 
tion of  gutta-percha.  Ether  and  some  of  the  essential  oils  render  gutta-percha  pasty. 
As  already  stated  this  substance  becomes  soft  in  hot  watei:,  absorbing  a  small  quantity, 
which  is  only  very  slowly  driven  off.  Dry  gutta-percha  is  a  very  good  insulating 
material  for  electricity. 

u«ei  ot  outu-Percha.  The  natural  properties  of  this  substance  indicate  its  use  as  a  sub- 
stitute for  leather,  papier  mach^,  cardboard,  wood,  millboard,  paper,  metal,  Ac,  in  all 
cases  not  exposed  to  the  action  of  heat,  and  where  a  substance  is  desired  resisting  water, 
alcohol,  dilute  acids,  and  alkalies.  The  raw  material,  previously  to  being  moulded  into 
shape,  is  purified  and  kneaded  by  means  of  powerful  machinery  and  with  the  assistance 
of  hot  water  (some  soda  or  bleaching-powder  soluiion  being  added),  the  aim  being 
the  removal  of  such  impurities  as  are  only  mechanically  mixed  with  the  gutta-percha  as 
well  as  the  removal  of  some  of  the  colouring  matter,  while  a  more  homogeneous  mass  i» 
produced.  The  purified  substance  is  next  submitted  to  the  action  of  kneading  machinery 
similar  to  that  in  use  for  working  up  caoutchouc,  while  it  is  rolled  out  into  plates  of  some 
3  centimetres  in  thickness.  Gutta-percha  is  moulded  into  tubes  by  the  aid  of  machinery 
Bimilar  to  that  employed  for  making  lead  and  block-tin  tubing.  Many  objects  are  made 
from  gutta-percha  by  pressing  it  wMle  soft  into  wooden  or  metal  moulds.    By  the  use  of 
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a  solution  of  ^tta-percbA  iu  benzol,  it  may  bo  glued  to  leather  and  similAr  BtibstaDc^s. 
It  is  almost  irapoasible  to  enumerate  tbt?  various  uses  of  gutta-percsbft.  It  ia  emploj-ed 
for  etr&ps  for  machinery  instead  of  leather,  tubes  for  conveying  water»  puiups,  paila,  but- 
gicid  instruments,  onianientid  objects  of  Tarious  kinds,  for  covering  telegrupb  wires,  Ac. 
UnJiko  pure  caoutchouc  gtiita-percha  becomei  gradnally  deteriorated  by  exposure  to  tbo 
atmosphere,  eo  that  it  eim  be  even  readily  ground  to  powder. 
aOitdw  nf  ootu^pfiwha  Frequently  a  mixture  of  i  part  of  gutta-percha  and  2  parts 
ftiid  c^tttchiiM.  of  caoutchouc  is  employed.  Articles  made  of  this  compound 
po&sess  the  properties  of  both  substances,  and  may  bo  vulcanised  equally  as  well  as 
gutta-percha  alone.  A  mixture  of  equal  parts  of  caotitehouc,  guLta-pereha»  and  sulphur, 
heated  for  several  hours  to  120*,  obtains  properties  ftimUar  to  those  of  hone  and  horn. 
Sometimes  gypsum,  re^m^  and  lead  compounds  are  added  to  tliib  miKture^  which  is  then 
used  for  maHng  knife  bafts,  buttons,  &c, 

v*niiih*i.  By  varnish  wo  understand  a  liquid  of  an  oily  or  resinous  nature 
employed  for  coating  various  objects,  tlie  tliin  film  becoming  dry  and  hard^  tlius 
protecting  the  object  on  wlilcli  it  is  laid  from  the  action  of  air  and  water,  and 
nt  the  same  time  importing  a  glossy  and  sliiniug  sur-fju'c.     We  distinguiidi  oil  and 

ouvftfniabei.  Bpiiit  varnishes.  Oil  varnishes  are  usually  prepared  from  linseed  oil, 
but  sometimes,  especially  for  artist's  purposes,  poppy  seed  and  walnut  oU  (so-called 
drying  oils)  are  used.  Linseed  oO  (raw)  becomes  slo^vly  converted  by  the  action  of 
the  HIT  into  a  tou;^di,  elastic,  semi-tmnspiirent  mass  ;  but  tJiis  property  is  possessed  in 
a  far  higher  degree  by  the  so-called  boiled  oil,  that  is  lo  say — an  oil  whidi  has  b«en 
brotight  by  tlie  at!tit>n  of  beat  and  of  oxidising  materials  into  &  state  of  greater 
activity,  in  facl — into  a  state  of  incipient  slow  oxidation,  tlie  result  of  which  is  the 
formation  of  tlie  substance  termed  by  I>r.  O.  J.  Mulder  •  linoxine,  wliich  in  many  of 
its  properties  corresponds  to  caoutchouc.  The  drying  of  oil  vaniishes  is  not  there- 
fore due  to  evaponition  fleaving*  as  is  tlie  case  with  alcohol  varnishes,  a  coherent  film 
of  resin),  but  to  the  ox-idising  action  of  the  oxygen  of  the  air,  whereby  a  coherent 
film  of  linoxino  is  fonned-  Linseed  oil  (raw}  is  converted  into  what  is  termed 
varnish  by  heating  ilio  oil  witli  certain  sub«slanf*es  which  more  or  less  readily  give  off 
oxygen,  while  these  substances  also  act  upon  the  elainc,  pahnitine,  and  myristine  of 
the  linseed  oil.  The  greater  part  of  Iho  linseed  and  other  drjdng  oils  is  linoleine, 
^{C32^i70^),Coll50^,  which  by  slow  oxidation  beeomcs  linoxine  =  CjaHs^rOrr,  by 
tlio  action  of  alkalies  converted  into  linoxic  acid,  HO,C.2H230(^.  The  substances 
with  wliicb  raw  linseed  oil  is  boiled  aro  liUiarge,  oxide  of  zinc,  and  peroxide  of  man- 
ganese. It  is  certainly  preferable  to  carry  this  operalion  into  effect  upon  the  water 
bath,  or  at  least  with  vessels  provided  with  steam  jackets.  The  oxides  are  employed 
in  c-oarsc  powders,  which  are  suspcndod  in  a  linen  bag  in  the  oil.  In  practice  i  part 
of  oxide  of  zinc  or  litharge  is  tidten  to  16  parts  of  raw  oil :  and  of  the  mangancs© 
1  part  to  10  of  oil ;  the  oxides  become  partially  dissolved  in  the  oil,  while  tljc-y  aid 
in  converting  the  pidroitine,  &c.  (not  linoleine),  into  plaster  ikad  or  74nc  soap^. 
lloiled  linseed  oil  usually  contains  from  2*5  to  3  per  cent  of  litharge  dissolve 
Neither  the  addilioa  of  sulphate  of  zinc  nor  such  absurdly  ad<b^d  substances  i 
onions,  bread  crust,  or  beetroot  have  any  result  whatever.  Linseed  od  intended  t*> 
be  mixed  with  zinc-wbite  sbonld  not  bo  boiled  with  litharge,  but  with  peroxide 
of  mangjmese.  The  lower  the  temperature  iit  wliich  linseed  oil  is  boiled  Ihe  brighter 
it-a  colour.  Mahler  found  that  when  raw  linseed  oil,  especially  if  old,  was  kept  for 
I3  to  18  hours  at  a  temiierature  of  ioo%  it  acquired  the  properly  of  boiled  oiL 
Sometimes  after  boiling  Unseed  vxl  is  bleached  by  exposing  it  in  shallow  tniys 

'  Thifl  author  published  some  years  ago  in  the  Dutch  language  a  highly  interesting  and 
raluablu  work --practically  as  well  as  ficientiUcallj-on  the  drying-oils. 
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10  centime,  deep,  best  made  of  sheet  lead,  covered  with  sheets  of  glass,  to  the  action 
of  strong  summer  sunlight.  Liebig's  recipe  for  making  a  bright  varnish  is  the 
following : — To  10  kilos,  of  raw  linseed  oil  are  added  300  grms.  of  finely  pulverised 
litharge,  after  which  there  is  added  a  solution  of  600  grms.  of  acetate  of  lead ;  the 
mixture  is  vigorously  stirred,  and  after  the  subsidence  of  the  materials  the  clear 
varnish  is  ready  for  use.  Borate  of  manganese  is,  according  to  Barruel  and  Jean, 
an  excellent  so-called  siccative  (dryer)  when  added  to  raw  linseed  oil,  i  part  to  1000 
of  oil.    Mulder's  experiments  confirm  this  statement  in  every  respect. 

Gold  Size.  This  is  used  in  gilding  for  fixing  gold  leaf  on  wood,  paper,  &c.,  and  consists 
of  a  solution  of  linseed  oil  and  lead  plaster  in  oil  of  turpentine,  prepared  by  first 
saponifying  linseed  oil  with  caustic  soda  or  potassa,  and  precipitating  the  aqueous 
solution  of  the  soap  with  a  solution  of  acetate  of  lead,  the  lead  soap  thus  formed  being 
next  dissolved  in  oil  of  turpentine. 

PrinUng  Ink.  Tliis  is,  whcu  gcnuinc  and  prepared  from  good  linseed  or  walnut  oil, 
anhydride  of  linoleic  acid,  C32H27O3,  mixed  with  very  finely  divided  lamp-black,  and 
obtained  by  heating  raw  linseed  oil  for  several  hours,  at  a  high  temperature 
(315**  to  360°),  whereby  the  fatty  constituents — glycerine,  palmitine,  &c. — are 
volatilised.  Usually  the  oU  is  heated  in  vessels  directiy  exposed  to  the  action 
of  fire,  and  as  the  colour  of  the  ink  is  black,  a  deep  colour  of  the  residue  of  the 
heating  of  the  oil  is  not  of  much  consequence.  In  order  to  render  printing  ink  more 
rapidly  drying,  some  borate  of  manganese  may  be  heated  with  it  at  315°  for  some 
hours.  The  quantity  of  fine  lamp-black  (best  re-ignited  in  close  vessels,  or  exhausted 
with  boiling  alcohol)  usually  added  to  printing  ink,  amounts  to  about  16  per  cent. 
Soap  is  added  in  order  to  prevent  smearing  and  assist  in  obtaining  sharpness 
of  impression.  Coloured  printing  inks  are  obtained  by  adding  to  boiled  oil  red  or 
blue  or  otiier  pigments ;  for  red  vermillion  is  used.  The  ink  used  in  lithography 
and  copper-plate  printing  is  made  Uiicker,  a  better  black  being  added. 

oavaraiBhei.  The  so-called  fat  or  oil  varnishes  are  solutions  of  resins  in  boiled  lin- 
seed oil  mixed  with  oil  of  turpentine,  benzol,  or  benzoline.  Amber,  copal,  anime, 
gum  dammar,  and  asphalte,  are  among  the  more  ordinary  resins  employed  for  this  pur- 
pose, the  varnishes  being  made  by  melting,  with  tlie  aid  of  gentle  heat,  the  amber, 
copal,  &c.,  to  wliich,  while  liquid,  boiling  linseed  oil  is  added.  The  cauldron  in 
which  this  operation  takes  place  should  only  be  two-thirds  filled  ;  and  the  mixture  of 
oil  and  resin  kept  boiling  for  ten  minutes.  The  cauldron  having  been  removed  from 
the  fire  its  contents  are  allowed  to  cool  down  to  140^  when  the  oil  of  turpentine  is 
added.  The  quantities  by  weight  are  10  parts  copal  or  amber,  20  to  30  boiled 
linseed  oil,  25  to  30  oil  of  turpentine.  Black  asphalte  varnish  is  obtained  in  a 
similar  manner  by  treating  3  parts  of  asphalte,  4  of  boiled  linseed  oil,  and  15  to  18 
parts  of  oil  of  turpentine.  Dark  coloured  amber  varnish  is  not  prepared  from 
amber  but  from  the  residue  (amber  colophonium)  of  the  distillation  of  the  empy- 
reumatic  oil  of  amber  and  succinic  acid  left  in  tlie  still  from  the  preparation  of 
succinic  acid.  These  varnishes  are  the  most  durable,  but  they  dry  slowly  and 
are  more  or  less  coloured. 

Spirit  varni«h.  The  so-calUd  spirit  varnishes  arc  solutions  of  certain  resins, 
viz.  sandarac,  mastic,  gumlac  (shellac),  anime  in  alcohol,  aceton,  wood  spirit, 
benzoline,  or  sulphide  of  carbon.  Good  spirit  varnish  ought  to  dry  rapidly,  give  a 
glossy  surface,  adhere  strongly,  and  be  neitiier  brittie  nor  viscous.  As  shellac  is 
frcquentiy  employed,  the  name  of  lac  varnish  is  sometimes  given  to  these  varnishes. 
The  spirit,  usually  methylated  spirit,  ought  to  be  strong,  about  92  per  cent.    The 
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solution  of  the  resins  is  promoted  by  the  ftddition  of  one-tlurd  of  their  weight 
of  coarsely  powdered  glass  for  the  pui-poso  of  preveuting  the  resinous  matter  caking 
together,  and  being  thus  to  some  extent  withdrawn  fi'om  the  solvent  action  of 
tlio  iilcohoh  In  order  to  render  the  eoatiug  remaining  from  the  evaporation  of 
tlie  Bpirit  less  brittle,  Venice  turpentine  is  nsnally  (ukle<l.  Sandarac  vaniisli 
is  obtained  by  dissolving  lo  paints  of  sandarac  and  i  of  Vtiiice  turpentine  in  30  of 
apiritp  Shellac  varnisli,  more  durable  tlian  tlic  former,  is  obtained  by  dissolving 
I  part  of  shellac  in  j  to  5  of  spirits.  French  polish  is  &  solution  of  shellac  in 
a  large  quantity  of  spirits,  and  when  this  polish  is  to  be  applied  to  white  wood,  the 
varnish  is  bleached  by  filtration  over  animal  ehareoaL  Copal  varnish,  far  superior 
to  the  foregoing,  is  made  by  first  lueltiug  the  resin  ut  as  gentle  a  heat  as  possible 
so  as  to  prevent  the  colouration  of  tlie  substance,  whicli  is  next  pulverised,  mixed 
witli  sand,  treated  with  strong  alcohol  on  a  water  bath,  and  tillered.  A  solution 
of  turpentine  or  elemi  resin  is  added  to  render  tlie  vamish  softer.  Colourless  copal 
varnish  is  obtained  by  pouring  over  6  kilos,  of  previously  pulverised  and  molten 
copal,  contained  in  a  vessel  wliicli  may  be  closed,  5  kilos,  of  alcohol  at  98  per  cent, 
4  kilos,  of  oil  of  turpentine,  and  i  hilo.  of  ether;  the  vessel  containing  this  mixture 
having  been  closed  is  gently  heated.     The  solution  is  clarified  by  decantation. 

Caiotutit  apiru  V(imUh<M*  These  are  used  chiefly  for  the  purjjosc  of  coating  instruments, 
and  otlier  olyects  of  brass  and  coloured  metallic  alloys,  so  as  to  prevent  the  action 
of  the  atmosphere.  Such  varnishes  are  used  for  imparting  a  gold-colour  to 
base  metals ;  for  this  purpose  alcohohc  tinctures  of  giimmi-gulia  and  dragon's  blood* 
or  fuchsin,  picric  acid,  Martins  yellow,  and  corullin,  are  separately  prepared  and 
added,  in  quantities  found  by  trial,  to  a  varnish  consisting  of  2  parts  of  seed  lac,  4  of 
aandaraci  4  of  elemi,  and  40  of  alcohol, 

ToipaoUM  ou  v*nii»hc«.  These  are  prepared  in  the  same  mamiei  as  tho  preceding. 
They  dry  more  slowly,  but  are  less  brittle  and  more  durable.  Common  turpentine 
oil  vamish  is  obtained  by  dissolving  ordinary  resin  in  oil  of  turpentine ;  but  this 
varnish  is  liable  to  crack.  Copal  is  either  dissolved  in  oil  of  turpentine,  without  or 
after  having  been  melted  ;  in  the  latter  case  the  vamish  being  coloured.  When  non- 
melted  copal  is  used  it  is  broken  into  small  lumps,  and  is  suspended  in  a  stout  canvas 
bag  over  the  surface  of  the  oil  of  turpentine  contained  in  a  glass  flask  and  placed  on 
a  sand  bath,  tlie  vapours  arising  from  the  oil  of  turpentine  gradually  dissolving  Ih^ 
copal.  Dammar  gum  resin  vamish  made  wdlJi  oil  of  turpentine  is  prepared  by 
drying  tlio  resin  at  R  gentle  heat  and  dissolving  it  in  three  to  four  times  its  weight  of 
oil  of  tupentinc.  This  vamish,  though  colourless,  is  not  verj*  durahlc.  Green 
turpentine  oil  varnish  is  prepared  by  dissolving  sandarac  or  maMic  in  concentrated 
caustic  potash  solution,  ihluting  with  water,  and  iirecipitating  with  acetate  of  copper, 
the  dried  precipitate  being  dissolved  in  oil  of  turpentine. 

pL»u»bing  ih«  Dried  v»niiiih.  In  Order  to  IncreaM  tho  gloss  of  v  ami  shed  surfaces,  eepcyrtallj 
on  metaUie  abjects  and  coaches,  oarriag^s  and  woodwork  in  theatres,  concert -room*, 
haUu,  Ac,  the  dry  surface  is  fir^t  rubbed  over  with  soft  felt,  on  which  some  very  tine  pumic«^ 
powder  is  laidi  and  is  next  pohshed  ^rith  very  soft  woollen  tisBuo  on  which  some  oil  and 
rutteu^stone  is  placed,  the  pil  being  rubbed  off  with  starch -powder.  Instead  of  vamisfacB, 
j^ohttions  of  collodion  (fulmifiatiug  cotton  in  alcohol  and  ether)  and  solutions  of  waier- 
glnss  are  sometimes  used ;  whUe  Puscher  reoommonds  a  solution  of  shellac  in  ammonia, 
largely  uaed  by  hatters, 

r»n>!ifcpftfi  Trtictm  tot      ^^  order  to  remove  the  oraoka  often  observed  in  old  pictures,  Yon 

lUiiattiic  PiatttEM.      I'uttenkofer  has  suggested  exposure  to  the  vapour  of  idcohol  at  tho 

ordinary*  temperature  of  tho  air,  the  picture  being  pliiced  In  an  air-tight  box,  at  the  bottom 

of  which  is  a  tray  <^ontaining  uloohoL    This  method  has  been  tried,  but  not  only  has  it 
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failed  in  many  cases,  but  some  pictores  haye  been  actually  spoiled.  According  to 
Dr.  G.  J.  Mulder's  researches,  the  only  effoctiTe  preserratiye  of  pictures  is  complete 
exclusion  of  air.  He  suggests  that  pictures  should  be  well  Tarnished  on  the  painted  side 
as  well  as  on  the  back,  and  next  hermetically  covered  with  well-fitting  sheets  of  polished 
glass  on  the  front,  and  some  substance  on  the  back  impermeable  to  air.  The  real  cause 
of  the  ultimate  destruction  of  pictures  as  well  as  of  paint  is  the  gradual  but  continuous, 
yet  slow,  oxidation  of  the  linoxine,  resulting  in  the  crumbling  to  powder  of  the  pulverulent 
matters — pigments,  used  as  colours.  It  may  not  here  be  out  of  place  to  state  that  one  of 
the  best  solvents  of  linoxine  (dried  paint)  is  a  mixture  of  alcohol  and  chloroform,  which 
may  be  advantageously  used  to  remove  stains  of  paint,  and  also  of  waggon  and  carriage 
grease  from  silk  and  woollen  tissues. 

Cements,  Lutes,  and  Potty. 

ccmenu.  Li  a  general  sense  wc  understand  by  cement,  substances  or  mixtures 
which,  when  placed  in  a  pasty  state  between  the  surfaces  of  bodies  in  close  contact, 
cause  them  to  adhere  solidly  after  the  drying  or  solidification  of  the  pasty  material. 
According  to  this  definition,  glue  and  paste  are  cements,  but  solder  is  not.  As  a 
universally  applicable  cement  cannot  be  met  with,  it  is  clear  that  as  regards  any 
specific  cement  it  should  completely  answer  the  purpose  for  which  it  is  employed. 
The  substances  used  for  cement  are  very  various,  and  are  of  course  adapted  to  the 
particular  objects  they  are  intended  to  unite.  There  are  numberless  receipts  for  the 
preparation  of  cements,  which  may  be  best  classified  by  stating  the  name  of  the  most 
essential  constituent.  Thus  we  have: — i.  Lime  cements.  2.  Oil  cements.  3.  Hesin 
and  sulphur  cement.  4.  Iron  cements.  5.  Starch,  or  paste.  6.  Cements  of  less 
consequence,  as,  for  instance,  water-glass  cement,  chloride  of  zinc  cement,  &c. 

LinM  cementi.  Slaked-limo  forms  with  casein,  white  of  eggs,  gum-arabic,  and  glue, 
mixtures  which  after  some  time  become  very  solid,  and  are  used  to  unite  wood, 
stone,  metal,  glass,  porcelain,  &c. 

Casein  cement,  may  bo  made  in  various  ways,  but  is  most  usually  prepared  by 
mixing  freshly-precipitated  casein,  obtained  by  acidifying  milk,  previously  freed  from 
whey  and  separately  reduced  to  powder,  with  freshly  slaked  lime.  As  this  mass 
hardens  very  rapidly,  it  should  be  used  immediately,  and  not  prepared  in  larger 
quantity  than  may  be  required.  Casein  dissolved  in  bicarbonate  of  potasli  or  soda 
solution,  and  gently  evaporated  to  a  thick  consistency,  also  yields  a  good  cement. 
A  solution  of  casein  in  a  concentrated  aqueous  solution  of  borax  made  witli  cold 
water  yields  a  clear  tliick  solution,  which,  as  regards  adhesive  property,  far  surpasses 
a  solution  of  gum-arabic.  A  solution  of  casein  in  silicate  of  soda  or  potash  is  an 
excellent  cement  for  glass  and  porcelain.  When  stone,  metal,  wood,  &c.,  are  to  be 
united,  or  when  the  cement  is  to  be  used  for  filling  up  small  cavities,  there  is  usually 
added  to  the  mixture  of  casein  and  lime  a  powder  made  of  i  kilo,  of  fresh  casein, 
I  kilo,  of  quick-lime,  and  3  kilos,  of  hydraulic  mortar  or  lime.  According  to  Hannon 
partly  decayed  and  liquefied  gluten  yields  witli  lime  a  cement  similar  to  that 
obtained  from  casein. 

Oil  ccmontR.  The  main  and  essential  constituent  of  tliese  cements  is  a  drying  oil  in 
the  shape  of  an  oil  varnish  (boiled  linseed  oil).  Most  of  these  cements  resist  tho 
action  of  water. 

Boiled  linseed  oil  and  fat  copal  varnish  may  be  used  as  cements  to  unite  glass  and 
porcelain,  but  are  seldom  so  employed  on  account  of  requiiing  some  weeks  to  become 
dry.  Mixed  with  white-lead,  litharge,  or  minium  (red  lead),  tlie  cement  dries  more 
quickly,  but  does  not  become  quite  hard  until  after  some  weeks.    When  a  larger 
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quantity  of  Uiis  cement  or  ratJier  putty,  is  required,  it  is  frequently  made  of  boiled 
linseed  oil  witli  a  mixture  of  lo  per  cent  of  litharge  and  90  per  cent  of  either  washed 
chalk  or  slaked  lime.  Zinc-white  is  sometimes  used  instead  of  litharge.  This  puttj- 
ia  frequently  warmed  before  use  in  order  to  render  it  softer ;  it  is  used  for  uuiti 
fitone»  Lrick,  kc,  A  mixture  of  2  parts  of  litharge*  i  of  ylaked  lime,  and  i  of  dry  san^ 
made  into  a  unifonn  paste  with  hot  and  boiled  linseed  oil,  has  been  used  by  Stephenson 
oa  a  putty  to  be  placed  into  tlio  sockets  of  steam-pipes.  By  precipitating  a 
solution  of  fioda-soap  with  alum  solutiou  an  alumina  soap  insoluble  in  water  is 
obtained,  which,  having  been  dissolved  in  warm  Unseed  oil  varnish,  yields,  according 
to  Varreutrap,  an  excellent  cement  for  uniting  stone.  Glaziers*  putty  is  a  mixture  of 
chalk  and  boiled  linseed  oil,  weU  beaten  up  together.  When  litis  putty  is  made  witli 
taw  linseed  oil  it  hardens  very  slowly ;  prepared  mih  boiled  linseed  oil  it  may  be 
kept  soft  for  a  considerable  time  by  either  being  placed  under  wat«r,  or  kept  in 
bladders  like  lard,  or  tied  up  in  canvas  bags  previously  soaked  witli  oD,  Accordin'^ 
to  Hirzel,  a  mixture  of  litharge  and  glycerine  forms  an  excellent  cement  and  readily 
liardening  lute,  which,  according  to  Pollack,  may  eren  be  used  to  unite  iron  and  iron, 
05  well  as  iron  and  stone. 

fiMia  ombuu.      Cements  made  with  resin  as  the  main  constituent  are  often  used« 
because,  on  becomhig  cold,  they  harden  at  once  and  possess  the  property  of  being' 
waterproof;  on  the  other  hand,  these  resin  oements  will  not  endure  a  liigh  tempera 
tare  witliout  becoming  soft,  and  by  exposure  to  air  and  sunlight  they  become  so 
brittle  aa  to  be  easily  pulverised. 

As  a  cement  for  glass  and  porcelain,  sandarac  and  mustic  are  sometimes  used 
because  these  resins  are  readily  fuiible  and  are  colourless.  They  are  applied  to  the 
surfaces  to  be  united  in  tlio  form  of  a  powder  put  on  witli  a  small  hair-brush,  after 
which  the  object  is  heated  so  as  to  melt  tixe  resins,  tlie  pieces  to  be  joined  being 
pressed  together.  As  fur  back  as  the  year  1828,  Lampadius  suggested  as  an  excel- 
lent cement  a  solution  of  i  part  of  amber* in  1*5  imrts  of  sulphide  of  carbon. 
When  tills  solution  is  painted  over  the  surfuoes  U>  be  united  and  immediately 
pressed  together,  (he  joint  is  at  once  effected  owing  to  tlie  rapid  evaporation  ol  the 
sulphide  of  carbon.  A  solution  of  mastic  in  sulphide  of  carbon  may  be  simlliarly 
used.  Shellac  alone  does  not  form  a  good  cement,  being  too  briitlo  w^hen  cold,  and 
contraeting  too  nmtrli  after  having  been  melted ;  the  addition  of  some  Venice  turpen- 
tine and  enrthy  powders  (see  Sealing-wax)  compensates  these  defects.  Wule  wood 
cannot  be  joined  together  with  shellac,  it  is  liriuly  and  readily  glued  by  coating  the 
pieces  to  be  joined  with  thick  sheUac- varnish,  and  then  placing  between  the  two 
pieces  a  olip  of  muslin.  Besins  are  frequently  used  for  lining  water-cisterns,  and  for 
rendering  terraces,  &c.,  waterproof.  Htch,  colophonium,  aspHalte,  mixed  with  lime, 
sulphur,  or  turpentine,  are  used  for  this  purpose,  the  object  of  the  various  additions 
being  to  obtain  a  greater  or  leas  degree  of  hardness.  Jeffery's  moi-inc  glue  is 
prt'pared  by  dissohing  caoutchouc  in  twelve  times  its  weight  of  coal-tar  naphtha  and 
adding  twice  the  weight  of  eitlier  nsphalte  or  shellac.  The  mixture  is  gently  heated 
to  render  it  uniform.  There  is  a  solid  and  a  tluid  murine  gluo  in  the  tcodc;  the 
former  is  used  for  glueing  wood  and  for  caulking^  the  latter,  obtaiiiud  simply  by  Uia 
use  uf  a  larger  quantity  of  solvent^  is  used  as  a  varnish  ;  both  kinds  are  insoluble  in 
water,  are  not  acted  upon  by  change  of  temperature,  and  do  not  become  brittle.  By 
tlie  name  of  zeiodelite  is  understood  a  mixture  consisting  of  ig  parts  of  sulphur  and 
4a  of  powdered  glass  or  earthenware ;    this  mixture^  having  been  heated   to   thu 
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melting-point  oi  sulphur,  maybe  used,  instead  of  hydraulic  cement,  for  uniting  stones 
and  bricks.  R.  Bottger  prepares  this  cement  by  mixing  with  molten  sulphur  an 
equal  weight  of  infusoria  earth  to  which  some  graphite  is  added.  Under  the  name 
of  diatite  Merrick  prepares  a  mixture  of  shellac  and  finely  divided  silica. 

Iron  Cement  Amoug  tho  vcry  many  recipes  given  for  the  preparation  of  tliis  cement, 
used  for  luting  tho  sockets  and  spigots  or  flanges  of  cast-iron  pipes,  and  for  caulking 
the  seams  of  the  plates  of  steam-boilers,  we  quote  the  following  as  one  of  the  best : — 
A  mixture  of  2  parts  of  sal-ammoniac,  i  of  sulphur,  and  60  of  finely -pulverised  cast- 
iron  borings  or  filings.  When  required  for  use,  this  mixture  is  made  into  a  paste 
with  water,  to  which  some  vinegar  or  dilute  sulphuric  acid  is  added.  The  parts  to 
be  joined  by  this  cement  should  be  free  from  fat,  oil,  or  rust.  The  cement  is  forced 
in  with  the  caulking-chisel  and  soon  becomes  very  hard.  A  lute  for  small  leaks  in 
iron  and  fire-clay  gas-retorts  can  be  made  with  4  parts  of  iron-filings,  2  of  clay,  and 
I  of  pulverised  porcelain  saggers.  This  mixture  is  made  into  a  paste  with  a  solution 
of  common  salt. 

Paste.  The  material  used  by  bookbinders,  and,  in  fact,  wherever  paper  is  to  be 
glued  to  paper,  is  obtained  by  boiling  flour  with  water  or  by  treating  starch  with  hot 
water. 

Starch  paste  is  best  made  by  rubbing  the  dry  starch  up  with  cold  water,  so  as  to 
form  a  uniform  magma,  to  which,  while  being  constantly  stirred,  boiling  water  is 
very  rapidly  added ;  this  paste  should  not  be  boiled  if  required  for  cementing  paper 
together.  Rye-meal  boiled  with  water  yields  an  excellent  paste,  which  may  be 
improved  by  the  addition  of  some  glue  solution  and  preserved  by  alum.  Partly 
decayed  and  liquefied  gluten  forms  an  excellent  paste.  Starch-paste  to  which,  while 
hot,  half  its  weight  of  turpentine  is  added  is  greatly  improved  and  rendered  water- 
proof by  the  addition. 
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Woollen  I n  d  u strv . 

ortfiB  >Dd  Pntp«ru««  o«  W(K>L  \Vooi  ia  distinguislied  from  hair  chiefly  by  the  three  fol- 
lowing properties : — ^wool  is  finer :  is  not  straight,  but  curled ;  while  it  generally 
contains  less  pifjment,  irnd  hence  is  white  in  colour.  The  quality  of  wool  increases 
with  the  increase  of  these  three  clmrttcten sties.  Wool*  like  hair,  oxliibits  iin  organised 
«tnictury,  eonsiatinj;  hiBttilotrieally  of  im  epilhihuin,  of  nrindaJid  of  a  pith  or  marrow. 
The  epiUiehum  of  wool  cousists  of  simdl  thin  phttes  whicli  overlup  eai-h  other  like 

Fio.  251.  Fia.  333< 


^Jic  tiles  on  a  roof ;  intliis  nnoiner  Uio  cuticukr  pktea  give  to  the  surface  11  stiUiiinoso 

Ipippearance,  which  may  bo  coarsely  represented  as  tlie  appearance  exhibited  by 

^%  fir-cone.     Fig.  251  exhibits  a  piece  of  wool  of  an  ordinar)-  sheep;  while  Fig,  252, 

magnified  to  the  sajue  numlwr  of  diameters,  exliibila  a  piece   of  the  very  linesi 

Saxuny  wool,    thus  showing  Uie  great  dilTereDce  of  fineness  of   Uiese  two  florta 
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of  wool.  The  grooves  on  tlic  surface  of  the  wool  are  the  cause  of  its  rawness  to  the 
touch,  and  from  the  oustence  of  these  grooves  wool  admits  of  heing  felted.  "When 
the  lihre  which  exhibits  tliis  texture  is  pressed  togetlier  with  a  kind  of  kneading 
motion,  while  the  fibre  is  at  the  same  time  softened  by  the  action  of  steam,  the  result 
is  tliat  the  fibres  are  joined  to  each  otlier  in  the  direction  of  the  scales  on  their 
surface  and,  becoming  entangled,  form  a  firm,  dense  texture,  which  is  termed  felt. 

We  obtain  wool  cliiefly  from  sheep ;  the  quahty  of  the  wool  very  much  depends 
upon  the  peculiar  breed,  the  climate,  fodder,  and  care  taken  of  the  animals.  We 
distinguish  two  chief  breeds  of  sheep— viz. : — i.  The  mountain  sheep,  having  short, 
fine,  aiid  more  or  less  curly  wool.  2.  The  sheep  of  the  lowlands,  having  coarse, 
sleek,  long,  hair-like  wool.  To  the  first  breed  of  sheep  belongs  tlie  sheep  met  with  in 
the  interior  and  more  elevated  parts  of  Germany,  also  the  Spanish  merino  sheep,  of 
which  there  are  several  varieties,  the  most  remarkable  being  the  infantado  and 
electoral  races.  By  the  latter  is  understood  tlio  variety  which  in  1765  was  imported 
into  Saxony,  being  made  a  present  to  tlie  Elector,  and  was  the  cause  of  the  exist- 
ence in  that  country  of  a  breed  of  sl^eep  yielding  excellent  wool.  Till  comparatively 
recently  the  exportation  of  the  living  merino  sheep  from  Spain  was  prohibited  under 
pain  of  capital  punishment.  The  variety  of  sheep  designated  Escurial  is  not 
a  peculiar  race  or  breed,  but  an  electoral  sheep  with  finer  and  fuller  fleece.  Sheep, 
like  goats,  are  undoubtedly  animals  preferring  a  mountain  plateau,  and  are  very  sen- 
sitive to  a  damp  or  moist  soil.  There  are  many  varieties  of  the  lowland  sheep, 
among  them  tlie  hcatli  sheep  (lowlands  of  Germany) ;  tlie  so-called  Cretan  goat 
( Ovisaries  strepsiceros)  of  Southern  Europe  and  Western  Asia  ;  the  various  breeds  of 
English  sheep.  Southdown,  Leicester,  Cotswold,  Lincoln,  &c.,  and  the  Scottisii 
varieties,  Shetland  and  Hebrides. 

The  varieties  of  wool  obtained  from  other  animals  than  sheep  are : — 

a.  Cashmere  wool ;  the  fine  downy  hair  of  the  Cashmere  goats  inhabiting  the  eastern 
slopes  of  the  Himalaya,  14,000  to  18,000  feet  above  sea  level.  The  colour  is  white-grey 
or  brown.  In  the  state  in  which  it  is  scut  to  Europe  it  is  largely  mixed  with  coarse  hair, 
80  that  100  kilos,  of  the  raw  material  yield  after  sorting  and  clcllinsing  only  20  kHos.  of 
fine  hair. 

b.  The  Vicuna  wool ;  tlie  very  slightly  curly  hair  of  the  Llama  or  Vicuna  goat 
(Anchenia  Vicuna),  a  native  of  the  high  mountains  of  Peru,  Chili,  and  Mexico.  This  kind 
of  wool,  or  rather  woolly  hair,  was  formerly  more  so  than  now  employed  for  weaving  fine 
tissues.  Sometimes  there  is  substituted  for  this  wool  a  mixture  of  onlinary  wool  and  the 
finest  hair  of  hares  and  rabbits.  Wliat  is  now  termed  Viguiia  or  Vicuna  wool  in 
the  trade  is  a  tissue  made  of  a  mixture  of  wool  and  cotton. 

c.  Alpaca  wool,  or  paces  hair;  the  long,  sleek,  white,  black,  or  brown  hair  of  the 
Alpagua  or  Alpaco  (Pako),  a  kind  of  goat  which  dwells  in  Peru.  This  kind  of  woolly  hair 
has  great  similarity  with  the  Vicuna  wool,  but  is  not  quite  so  fine.* 

d.  Mohair,  or  so-called  camel's  wool;  the  long,  slightly  curly,  silky  hair  of  the  Angora 
goat  [Capra  angorensu),  a  native  of  Asia  Minor.  This  subBtauce  is  spmi  and  woven  into 
non-fulled  tissues  (camlet  or  plush),  and  is  also  mixed  up  with  the  half-silk  tissues 
of  which  it  forms  tne  woof  or  weft. 

Chemical  a^mposition of  Wool.  Purified  and  cleansed  wool  t;(>n5»ists  chiefly  of  an  albumi* 
noid  sulphur-containing  substance  termed  keratin  (horny  matter), but,  as  mot  with  on 
the  animals,  wool  contains  much  dirt,  dust,  and  suint.  The  labours  of  Faist,  Reich, 
Ulbricht,  Hartmann,  Marcher,  and  E.  Schulze  have  greatly  increased  our  know- 
ledge of  this  substance. 

•  The  microscopical  texture  and  properties  of  this  kind  of  hair  have  been  investigated 
and  are  described  in  Wiesner*s  work,  **  Eiuleitung  in  die  Technische  Mikroskopie." 
Vienna,  1867,  p.  172  et  seq. 
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The  folio  meg  r63uite  are  those  obtained  hj  Foist  when  auaJysmg  Tarions  kinds  of 
merino  wool : — ' 


a. 

b. 

e. 

d. 

e. 

/• 

Mineral  matter 

63 

16'8 

o'94 

i'3 

10 

1-2 

Saint  and  fatty  matter 

44'3 

447 

21*00 

40*0 

27-0 

166 

Pure  wool 

380 

2S-5 

73*00 

560 

648 

777 

Moiiture    

11-4 

70 

60a 

27 

72 

ys 

* 

1000 

1000 

100  00 

1000 

1000 

1000 

Percentage  of  pure  air- 

dry  wool...     ,.,     ..* 

49*4 

355 

7806 

5S7 

710 

Szz 

I.  Raw  wool,  air-dried. — a.  Hohenhaim  wool*  with  11  small  qnantity  of  readily  iolnblfi 
BuiDt.  b.  HohcDhcim  wool  (tho  name  of  &  hirge  a^'riculinral  esloblishment  and  Agrono- 
mical school  near  Stuttgardt,  Wurtemburg),  ooniainlng  a  hirge  quantity  of  glutinoug  gnint. 
2.  Washed  wool*  air-dry,* — c.  Hoheuheim  wool.  d.  Same  Vftriety,  with dilhcuJtly  isoluble 
Kuint.    e.  Hungarian  wool,  very  soft.    /.  Wortemburg  wool,  less  soft. 

%\lxile  making  researches  on  wool,  Eisner  of  Gronow  estimated  the  loss  which 
wool  experiences  when  treated  with  sulphide  of  carbon  for  tlie  elimination  of 
the  suint.     The  results  were  : — 

Washed  merino  wool ...     ...     15  to  70  per  cent  j 

Unwashed  wool  (^^rtrt^  ^«  #Mtw^  raw  wool)  ...    50  to  80  „ 

Long  carded  wool am ...  18  „ 

f  Suint  is  a  mixture  of  secreted  and  accidental  substances,  dust,  Ac.  When  raw 
wool  is  macerated  for  some  time  in  warm  water,  lliere  results  a  turbid  liquid  which 
COD  tains  suspended  as  well  as  dissolved  matters.  I'he  dry  substance  of  tlie  aqueous 
e^^tract  of  suint  consists,  according  to  Marcker  and  Schulze  (1S69),  <^* — 

u  2.                    3,                   4. 

Organic  matter  ...            58*92  61*86            59"  12            60  47 

Miii*^ ml  matter  ...            4108  38*14            40*88            39'53 

I  aud  2  relfttea  to  wool  of  mountain  sheep.  3  and  4  to  full-bred  BambomUet  sheep* 

The  soluble  portion  contains  Oie  potash  salt  of  a  futty  acid  ifuinUtte  de  potaS9^}. 
The  fatty  acids  contained  in  suint  ore,  according  to  Reich  and  Ulbricht,  mixtures  ol 
oleic  and  stearic  acids,  probably  also  palmitinic  acid  and  a  small  quantity  of 
valerianic  acid,  with  pot*tsh  in  such  quantity,  that  more  recently  this  material  haa 
Ih^eu  employed  to  obtain  therefrom  carbonate  of  potash  and  eliloridc  of  potassium 
100  Jcilos,  of  raw  wool  may  yield  from  7  to  9  kilos,  of  potash  (Sec  p.  152) 
Potash  from  saint  consists,  according  to  Marcket  and  Scliulze,  of: — 

Carbonate  of  potash     S678 

Chloride  of  potassium         , .•     ...  6' 18 

Sulphate  of  potash       ...     283 

Silica,  alumina,  lime,  magnesia,  oxide  of  iron, 

phosphoric  acid,  ^,     ••• ...  4*21 

tOO'OO 

*  Washed  an  the  shoep  while  alive,  on  operation  pttformed  by  the  farmers,  and  to  be 

difitiugoishcd  from  the  wash^g  woel  undergoes  during  manufacture. 
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P.  Havrez  (1870)  states  that  it  is  more  advantageous  to  extract  cliloride  of  potas- 
inum  and  prepare  ferrocjanide  of  potassium  from  suint  than  to  employ  it  in 
preparing  carbonate  of  potash.  Suint  is  a  valuable  material  in  gas  manufacture 
and  the  potash  salts  may  afterwards  be  extracted  from  the  coke. 
/  prf>pertio«  of  wooL  The  valuc  and  applicability  of  wool  for  the  purposes  of  being  spun 
and  woven  depend  upon  a  number  of  properties,  of  whicli  the  following  are  the  moot 
important. 

Colour  and  oion.  \yool  Is  generally  wliite,  but  that  of  some  of  the  common  k^gds 
of  sheep  and  also  of  the  alpaca  and  mohair  are  either  brown,  grey,  or  black. 
The  gloss  of  some  varieties  of  wool  is  a  highly  prized  property.  The  gloss  is  not 
exactly  related  to  the  fineness  of  tlie  wool,  but  more  to  the  softness  and  suppleness  of 
tlie  fibre,  which  on  being  touched  by  tlio  liand  imparts  a  feeling  similar  to  that 
of  cotton-wool  or  silk.  The  curl  or  waviness  of  the  wool  is  due  to  the  fact  that  the 
hair  or  fibre  is  bent  and  more  or  less  curved.  When  there  are  many  and  small\ 
curves  tlie  wool  is  termed  small  curled,  while  if  the  curves  are  large  it  is  termed  I 
coarsely  curled.  There  is  also  a  difference  between  wool  wliich  exhibits  high  I 
curves  (strongly  waved  and  curled)  and  wool  exliibiting  low  curves  (weakly  waved 
and  curled).  The  fingpess  of  ^vool  depends  upon  the  sinaUness  of  djaittfiter  of  the 
fibre;  generally  the  finer  tlie  fibre  the  better  the  wool  is  suited  for  tlie  uses 
commonly  made  of  it.  There  are,  however,  some  varieties  of  wool  met  with  which, 
though  very  fine,  are  rather  tough  and  straight,  and  therefore  less  suited  for  manu- 
facturing purposes.  It  should  be  observed  that  the  diameter  of  the  woollen 
fibre  does  not  constantly  vary  with  the  fineness;  while  neither  tlie  wool-meter 
(eriometer)  nor  themicrometer  can  sufficiently  determine  the  fineness  of  the'wool  for 
technical  purposes,  that  property  being  best  estimated  by  practical  experience  by  the 
sense  of  touch.  What  is  termed  quality  or  uniformity  in  wool  is  that  tlie  fibre  has 
through  its  entire  length  the  same  diameter.  By  softness,  suppleness  of  the  wool, 
it  is  understood  that  the  fibre  readily  admits  of  being  bent  in  all  directions ;  this 

(property  is  usually  accompanied  by  extensibility  and  elasticity.    A  fibre  of  wool  may^ 
therefore  be  somewhat  more  strongly  stretched  before  breaking,  after  it  has  been  first  I 
straightened  so  as  to  remove  tlie  cui'ls.     The  elasticity  of  tlie  fibre  is  shown,  when  a  J 
hair  is  broken,  by  the  two  ends  becoming  more  or  less  rapidly  contracted  and  curled 
up.    By  strength  we  mean  that  property  of  wool  whereby  it  bears  without  breaking  / 
a  certain  weight,  wliich,  according  to  the  quality  and  fineness  of  the  fibre,  varies  from  / 
2*6  to  44  grms.     By  height  is  understood  the  length  of  the   curled  hair  in  its 
natural  position ;    while  by  length  we  designate  the  measure  (in  centimetres)  of 
a  single  fibre  when  so  stretched  that  its  curls  are  no  longer  perceptible.     The  length 
of  the  fibre  is  of  great  importance  in  the  selection  of  wool,  and  constitutes  onfi.of  the  j 
main   distinctions  between  carded  wool  and  short  wool.      The  teasled  wool   is) 
used  more  especially  Tor  the  weaving  of  cloth — milled  or  fulled  cloth.     Generally 
this  kind  of  wool  is  strongly  curled,  and  the  length  of  the  stretched  hair  is  less  than 
3^  15  centims.     The  c^niheiwool  (Jong  wool)  is  used  for  smooth  woollen  tissues  which 
require  a  middling  length.  9  to  12  centimsi^ome  strength,  and  not  too  much  curl. 

Pttparauon  of  wooL       Botnrc  "wool  is  a  marketable  article  it  has  to  be  washed,  shaved 
or  sheared  off,  and  sorted. 

I.  Just  before  shearing  the  wool  is  washed — or  as  the  term  more  usually  runs,  th« 
sheep  are  washed — for  the  purpose  of  cleansing  the  fleece  and  of  eliminating  a  por- 
tion of  the  suint.    By  tliis  washing  wool  loses  from  20  to  70  per  cent  in  weight 
83 
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H,  77ttf  Shefiring  of  the  Sheep, — CsimlJy  in  our  climate  sheep  arc  Bhom  only  once 
a-year,  alxjut  the  middle  of  May  or  beginning  of  June,  hut  i^-ith  long-wooll»>d  sheep 
tills  operation  is  performed  in  Septemhor  (summer  wool),  and  about  the  end  of  March 
(winter  ivoolL  Lamb'a  wool  is  distinguislied  by  its  great  fineness.  Besides  the'^ 
wool  shorn  from  tlie  live  sheep  wc  diBtiugiush  skinner's  wool,  from  tlie  skins  of  sheep  \ 
slaughtered  for  food,  nnd  pelt  wod  from  sheep  which  Imve  died  from  disease  ;  whilo  1 
the  foiaier  kind  is_sliort«^r  tlian  ordiJiary  wuol.  the  hitter  is  deficieut  in  strength  and  I 
ij^^Ktidtv.  and  is  tlierefore  of  less  Tolue. 

Ill,  Sorting  the  WooL — Tlie  different  parts  of  the  skin  of  tlie  sheep  yield  wool  of 
different  quality  ;  among  the  parts  which  yield  better  kinds  of  wool  are  the  shoulders, 
the  flanks,  and  the  tliighs.  The  wool  of  tJie  following  parts  is  of  inferior  quality, 
viz,,  neck,  withers,  back^  tliroat,  breast,  feet.  Tlie  peculiar  mwlc  of  sorting  wool 
and  tlie  dcnominfitiona  given  to  the  seveml  varieties  ditfer  in  ditferent  countnes; 
generally  the  terma  JlnU^  Si'conJ4,  thinh,  &c,,  arc  employed.  Wiile  the  fineness  of 
the  wool  is  the  main  character  wbich  distinguislies  tlie  varioiis  kinds,  the  sorter  also 
looks  to  tlie  length,  curl,  strength,  &c.  As  met  with  in  commerce ^  wool  contaius  n 
larger  or  smaller  quantity  of  hygroscopic  water,  varjring  from  14  to  16  per  cent  ,*  and 
even  when  wool  is  exposed  to  dry  air  for  a  long  time,  the  water  amounts  to  7  or  10 
per  cent. 

Wool  spumiaf.  The  operations  of  epinning  do  not  in  strictness  pertain  to  chemical 
teelmology,  because  the  material  operated  upon  is  not  chomiQAlly  treated,  and  only 
znecbanically  undergoes  a  change  of  form*  The  machinery  employed  is  very  complicated, 
but  has  been  brought  to  great  perfection. 

Before  being  made  into  cloth,  the  w^ol,  as  is  the  case  ii*ith  eotton,  silk,  flax,  and  hem; 
has  to  be  made  into  yam.     Before  this  operation  can  bo  proeaeded  i»4th,  the  sorted  wo 
m :— I-  Carded  for  the  purpose  of  weaving.    2.  Or  the  wool  is  combed  for  the  making  of 
smooth  woollen  goods.    Carded  wool  is  ultimately  made  up  into  cloth,  while  combed  wool 
is  made  up  into  such  materials  ns  thibet,  mousseline  de  laine,  merino,  <&c.    The  following 
eig^t  o^Slf^jona  are  those  to  wliieh  cardpd  wool  is  submitted  : — 

1,  Washing. — The  aim  of  this  operauon  is  id  eliminate  the  suint  from  the  wool,  and  for 
this  purpose  the  fibre  is  submitted  to  the  action  of  very  wealdy  alkaline  liquids.     These 
even  in  the  carbonated  state  should  be   weak,  becnnae,  when   concentrated,  the  w< 
oiber  is  dissolved  or  its  etrength  and  elasticity  impaired.     The  alkaline  liquids  chiefly 
used  for  this  purpose  arc  laat  (stale  urinej  mi^^ed  with  water,  tepid  soap-suda,  or  a  very 
weak  solution  of  soda.     The  washed  wool  is  rinsed  in  plenty  of  cold  water,  wrong  out,  and 
then  dried  in  the  ehade.    By  exposure  to  direct  sunlight  wool  becomes  yeUow.     100  parts 
of  fleece  lose  by  washing  from  17  to  40  parts,  leaving  60  to  83  parts  of  pure  wool. 
ji       2,  Ityfiuij. — Wht'ii  tbis  Dpermii*n  takes  |>lace  immetliately  after  washing,  it  is  only  to 
impart  to  it  yery  fij^cd  dyes,  sneh  as  ^'^igt*,  or  maddt^r ;  because,  aa  regards   most  ofiU0 
d^s,  they  would  be  jniured  by  the  operation  of  mjHiBtf,  in  which  soap,  hmt,  and  othorl 
mttteriahi  are  employed^    WooL  by  being  dyed  often  increases  considerably  in  weight, 
gometimes  as  much  as  12  per  cent. 

3.  Withicinfj,  or  Devilling,— This  ox>eration  aims  at  the  obtaining  of  the  flocks  of  wool  in 
a  more  uniform  mase,  while  at  the  same  time  mechanical  impurities,  straw,  ^c., 
removed.    The  machinery  by  which  this  is  effected  is  similar  to  that  us«d  for  the 
purpose  for  cotton. 

4.  Oiling  or  Greaiing, — As  wool  ha!i  a  great  tendency  to  become  felted,  and  hfti  to 
submitted  to  the  operation  of  carding,  it  might  in  this  process  become  broken ;  and  in 
order  to  prevent  this  and  give  the  fibre,  which  has  become  harsh,  suppleness,  it  is  greased 
or  mixed  with  oil.  For  the  finer  kinds  of  wi>ol,  olive  oil  or  arachis  oil  is  ufled,  while  for 
coarser  kinds  rape-seed  and  tish oil  are  employeil.  Olein, as  it  is  termed,  really  oleic  acid, 
a  by-product  of  the  manufacture  of  stearine  candles,  is  often  used  for  this  purpose,  pro- 
vided it  be  not  contaminated  with  either  sulphtiric  or  steanc  acids,  loo  kiloa,  ol  wool  {or 
warp  require  io  to  12  kilos,  of  oil,  while  zoo  kilos,  of  wool  for  woof  require  12  to  15  kilo 
of  oil, 

5.  The  carding  of  wool  aims  at  the  same  result  as  the  carding  of  cotton.  The 
machinery  employed  h  in  oaeh  insianoe  similar  in  oonstniction.  Wool  ia  oarlod  at  least 
twice.    The  &rBi  carding  is  termed  fieeeo-ea]^din9,  the  result  being  that  tba  wool  is  form^ 
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into  a  loose  fleece,  which  is  rollo<l  up  on  a  cylinder ;  the  second  carding  converts  the  fleece 
into  loose  curls  about  i  metre  or  a  yard  in  length,  which  are  turned  over  on  to  the  roving 
machine.  Recently  the  cardiug-mill  has  been  so  constructed  that  it  also  performs  the 
Dperation  known  as  roving. 

6.  Rovinp. — By  means  of  ni:icliinor>'  the  wool  is  converted  into  what  is  technically 
termed  slttb  or  half-yarn,  wiiicli  by  the  following  operation,  viz., 

7.  By  spinning  is  made  into  >arn.  The  machinorj',  while  working  at  a  idgh  speed, 
twists  the  fibres  into  a  continuous  thread  or  yam. 

8.  The  finished  yam  is  wound  on  reels,  the  length  of  the  skeins  or  hanks  and  the 
number  of  skeins  to  a  bunch  varj-ing  in  different  localities.  The  fineness  of  the  yam  is 
abroad  designated  by  the  number  of  hanks  which  go  to  the  half  kilo. ;  but  in  Belgium  and 
France  the  number  of  metres  of  yarn  length  which  go  to  the" kilo,  expresses  the  fineness. 

AxUflcuiwooL  Woollen  rags  are  carefully  sorted,  and  by  means  of  machinery  converted 
into  what  is  termed  mungo  and  shoddy ;  "the  former  is  a  short-haired  wool  obtained  from 
milled  goods  ;  the  latter  (a  longer  Imir)  is  prepared  from  woollen  hosiery.  The  rags  ha\'ing 
been  well  sorted,  and  all  seams,  buttons,  and  ornaments  cut  off,  silk  and  other  hnings 
separated,  are  cleansed,  again  sorted,  and  then  oiled.  The  rags  yield  on  an  average 
30  per  cent  of  the  weight  of  buttons,  linings,  &c.,  and  the  70  per  cent  remainmg  yields 
some  five-sevenths  of  mungo,  prepared  by  means  of  a  mill.  Mungo  is  not  carded ;  but 
shoddy,  made  by  a  similar  process,  is  carded  after  having  been  again  oiled. 

weannR  th«  Qoth.  Cloth  is  a  smooth  woollen  fabric,  the  woof -yam  passing  alternately 
over  and  under  chain-yarns.  The  peculiar  felty  appearance  is  given  to  cloth  ]»y  the 
operation  of  milling  or  fulling.  The  operation  of  weaving  cloth  does  not  differ  in  any  way 
from  the  weaving  oflinen  or  cotton  fabrics ;  usually  the  chain  and  weft  yam  are  equally  fine. 

washinn  aod  Miiung  The  cloth  as  it  Icaves  the  weaver*s  hands  is  not  in  the  least  similar  to 
the  Boagti  QoUi-  the  finished  fabric,  but  is  very  like  a  coarsely  woven  towel,  the  chain 
and  weft  being  quit^  loose  and  every  thread  distinctly  visible  ;  while  the  felty  appearance  of 
the  cloth  is  entirely  absent,  this  being  obtained  by  the  operation  of  milling,  which  is  preceded 
by  the  burling  process,  whereby  knots,  pieces  of  straw,  and  other  similar  impurities  are 
removed  by  the  aid  of  small  steel  forceps.  The  rough  cloth  is  next  washed  for  the 
purpose  of  removing  oil,^  dirt,  and  weavers'  glue  ;  this  washing  is  assisted  by  soft  soap, 
potash  or  soda  ley,  and  is  performed  by  a  washing  machine.  The  operation  of  fulling  or 
milling  aims  not  only  at  a  cleansing  of  the  rough  cloth  (it  is  not  always  washed  previously 
to  being  milled),  but  more  particularly  at  the  felting  together  of  the  fabric,  so  that  the 
chain  and  weft  can  hardly  be  distinguished.  It  is  performed  by  the  joint  action  of 
moisture,  high  temperature,  and  a  peculiar  mechanical  treatment,  by  which  the  threads 
are  kneaded  into  each  other.  As  the  milling  also  aims  at  the  complete  removal  of  grease 
the  water  into  which  the  fabric  is  steeped  is  rendered  alkaline  by  means  of  lant,  while 
soft-soap  and  fuller's  earth  (see  p.  295)  are  used  to  assist  the  action.  Soft  soap  is  only 
used  for  common  cloth,  while  for  the  finer  kinds  palm  oil  and  olive  oil  soaps  are  employed. 
The  milling  or  fulling  consists  in  beating  the  rough  cloth  with  wooden  miillets  moved  by 
machinery  ;  recently  the  use  of  cylinders  is  very  general  for  this  purpose. 

Teadisff  and  sheuinff      In  Order  to  give  to  the  milled  cloth  a  more  pleasing  appearance,  it  is 
th«  Cloth.  fijgt  teasled  and  next  shorn,     i.  The  operation  of  toasling  aims  at  the 

loosening  of  the  surface  hairs  of  the  felted  cloth,  and  at  brushing  these  in  one  direction ; 
the  operation  is  performed  by  the  use  of  teasles  or  weaver's  thistle  {Dipsacm  fuUonum) 
vrhich  acts  by  the  thorns  on  the  secil  capsules.  2.  The  sliearing  of  the  cloth  is  an 
operation  by  which  the  surface  hair  is  cut  off  to  a  uniform  length.  The  shearing  is  either 
performed  by  hand — a  very  tedious  operation,  the  cloth  being  stretched  uniformly  on  a 
cushioned  table,  the  operator  using  peculiarly  made  shears — or  by  cylinders,  somewhat 
similar  to  lawn  grass-cutters  in  principle  of  working.  There  is  a  distinction  between 
transversal,  longitudinal,  and  diagonal  cylinders,  a.  The  transversal  cylinder  in  placed 
lengthwise  to  the  cloth,  the  cylinder  moving  from  one  edge  of  the  cloth  to  the  other. 
/3.  In  the  longitudinal  machine  the  moving  cylinder  is  placed  across  the  \\idth  of  the 
cloth,  which  is  moved  under  the  shearing-knives,  y.  In  the  diagonal  machine  several 
cutting  cylinders  are  placed  diagonally  above  the  cloth.  The  wool  shorn  off  is  used  in 
upholstering,  and  very  largely  for  the  purpose  of  giving  a  velvety  appearance  to  some 
kinds  of  paper-hangings. 

Dretting  the  Cloth.  Before  the  cloth  is  ready  for  sale,  it  has  to  bo  submitted  to  the  three 
following  operations :— Lustring,  brushing,  and  pressing. 

I.  The  lustring  is  now  performed  by  stretching  the  cloth  very  tightly  on  a  copper 
cylinder,  the  surface  of  which  is  perforated  with  a  number  of  small  holes.  The  cylinder 
is  placed  in  a  steam  chest,  and  steam  having  been  turned  on,  the  cloth  obtains  a 
permanent  gloss  and  is  prevented  from  becoming  rough  on  being  worn.  2.  The  brushing 
of  the  cloth  takes  place  before  and  after  the  shearing,  and  is  effected  by  machineiy,  the 
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broaihes  being  fixoil  to  cylinders,  and  the  cloth  mov^cl  over  antl  tiiider  thena,  wbile  ot  \he 
tame  time  eilhor  a  j<*t  of  wiiter  or  stimetimes  eteam  is  maiie  to  pUy  i»u  the  clotli, 
3,  FiiiftUy,  tlie  tiltith  is  pressed ,  having  been  first  fcddud  ;  betwc<?u  each  fold  is  pWe^l  on 
the  riKlit  side  of  the  cloth  a  piece  of  gkzod  millboaid  mid  n  picc<^  of  coarscT  Jnillbojird  ou 
the  wroDg  fiido;  a  plunk  is  put  between  the  pieces  of  cloths,  some  eix  to  twelve  of  whi^^li 
lire  placed  in  the  press  at  a  time. 

onw  Cloth  Fihrici.  In  addition  to  milk'd  clotli  sevfral  other  kindti  of  wooUen  goods 
arc  manufactured,  which  are  cloth-like  in  some  particular.  Of  those  the  following 
jirc  the  chief: — Flannel,  eilhcr  BmooLh  or  twilled,  only  sliglitly  milled,  once  teaslcd 
on  the  right  side,  and  cither  not  shorn  at  all  or  only  once;  the  chain  often  consists  of 
carded  wool,  but  ia  sometimeB  cotton  or  silk  ;  the  woof  is  carded  yanu  Swan-skin 
is  fine  twilled  flannel.  Caslimere  is  finely  twilled  clotJi  only  once  tcAsled,  but  shorn  aa 
often  as  cloth.  The  hair  ia  short  aiid  covers  tlie  textile  yam  slightly,  so  that  the 
tmll  is  distinctly  ceen.     Cashmere  is  often  niadi?  with  a  cotton  chain. 

Fnezo  ia  coarser,  Btoutor,  und  longer-haired  than  cloth,  is  strongly  ftillcd,  Imt  less 
tcasled  and  also  less  Bhoni.  Afler  having  been  shorn,  frieze  is  simply  dressed  by 
being  bruslu'd  and  hot-prossod  ;  it  is  then  hnishod  over  \ntli  a  s<dulion  of  tragncanili 
in  water,  next  calendered,  and  lastly  slightly  oUed  i^itli  olive  oil  and  again  pressed.  ] 
A  non-twilled  and  finer  kind  of  frieze  is  knoi\Ti  as  "ladies'  mantle  frieze;"  wliile  11 
heavier  and  short  Bhom  frieze  is  called  castories.  Kalmuk  and  thick  frieze  {Irish 
frieze)  consists  of  a  heavier  yarn  and  is  more  strongly  milled.  Buckskin  is  a 
t^i-illed  non-teasled  trous^'r  material,  the  right  side  of  which  is  shorn  and  quite 
smootli.  Kersey  is  a  coarse  kind  of  undressed  (tieitlier  t4?af$]ed  nor  shorn)  woollen 
fabric  used  for  making  cloaks  and  overcoats  for  militioy  men,  sailors,  railway 
officials,  &c.  The  coarser  kinds  of  railway  rugs  and  horsecloths  are  of  a  similar 
materiaL  Paper-mnker«'  felt  ia  a  coarse,  twilled,  loosely  woven,  lightly  milled 
materiiil,  neither  teasled  nor  shorn,  used  for  the  purpose  of  being  placed  between  tlio 
wet  sheets  of  paper.  Felted  cloth,  a  fabric  first  made  some  twenty  years  ago  i^-ithout 
Bpinniug  and  weaving  at  all,  bus  not  been  found  suitable,  and  is  therefore  now  hardly 
ever  seen.  Wool  intended  for  felting  purposes  is  first  cleansed,  freed  from  suint, 
next  carded  and  converted  into  a  imiformly  thick  layer  similar  to  cotton- wooL  and  is 
then  felted. 

Wert  led  Wool.  It  has  bccu  already  stated  tlmt  long  haired  or  combed  wool  is  the 
material  used  for  the  purpose  of  prepjiring  worst*?d-yarn — a  smoolli  thread,  the 
longitudinal  fibres  of  which  are  placed  panUlel  to  each  other — this  yarn  serving  the 
purpose  of  weaving  such  fabrics  as  tliibet,  merino,  Orleans,  &c.  There  b  a  distinc- 
tion between  genuine  combed  wool  or  worsted,  and  half- worsted  or  sayette-yam, 
tvhich  is  thehnk,  as  it  were,  between  combed  and  carded  wool,  and  is  used  for  the 
purposes  of  knitting  stockings,  in  carpet-making,  Berlin-wool  work,  kc.  Although 
half-wurstud  is  always  spun  from  long-haired  wool,  the  fibre  is  not  in  this  iastance 
combed,  but  carded  by  a  peculiarly  constructed  mill.  Combed  yam  or  worsted 
consists  citlier  entirely  of  wool,  or  is  a  tlircad  of  wool  mixed  with  mohair  and 
alpaca,  or  of  wool  and  cotton,  or  of  wool  and  silk,  such  yams  bemg  termed  fancy 
yarns. 

The  manufacture  of  smooth  woollen  fabrics  ia,  as  far  as  weaving  and  the  mechanical 
operations  are  concerned,  similar  to  the  weaving  and  mode  of  manufacturing  otlier 
texiUe  fabrics.  Some  of  the  smooth -surfaced  woollen  fabrics  are  finished  w^hen 
woven ;  others  require  a  dressing  wliich  depends  ui>ou  the  taste  of  the  consnunera 
and   upon   Uie  peculiar  requirements  of  the   trade.      The  followinjx  enumeratioii 
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of  tlie  smooth-surfaced  woollen  fabrics,  of  which  there  is  an  almost  endless  variety, 
.  may  give  some  idea  of  the  various  Idnds  of  goods  belonging  to  this  category. 

A.  Smooth  Fabrics. — Barracan  used  to  be  formerly  woven  from  camel's  hair,  but  is  now 
woven  from  combed  wool ;  it  is  termed  moir^d  when  it  is  watered.  Orleans  consists  of  a 
twisted  cotton  thread  chain  aud  a  single  woollen  weft ;  the  fabric  having  been  woven  is 
singed,  washed,  dried,  shorn,  and  hot-pressed.  Camlet  also  was  formerly  made  from 
camel's  hair,  and  consists  of  combed  woollen  chain  and  weft.  Dress  crape  is  a  fabric 
made  of  a  strongly  twisted  worsted  yam-chain  and  more  loosely  woven  weft ;  when  the 
cloth  is  woven  it  is  dyed  black  or  grey,  next  wound  round  a  cylinder,  and  boiled  in  water 
in  order  to  shrink  it.  Bolting  clntb  is  made  of  a  strongly  twisted  yarn,  and  employed  for 
the  purpose  of  making  flour-sieves. '  Mousseline  de  laine,  chaly,  is  a  woollen  muslin  with 
silk  chain,  and  this  class  includes  a  host  of  fabrics  generally  known  as  Bradford  fabrics  as 
well  as  mixed  materials,  alpaca,  mohair,  silk  mohair,  &c. 

B.  Twilled  Goods. — Merinos  with  three-  or  four- threaded  twill  and  two  *•  right "  sides 
are,  after  weaving,  singed,  hot-pressed,  and  dressed  or  glazed,  \\lien  unglazed  it  is  called 
thibet.  Serges  are  twilled  fabrics  with  three,  four,  or  five  strands.  So-called  Atlas 
fabrics  are  kolmang  and  lasting,  the  latter  employed  for  ladies'  shoes,  gentlemen's  cravats, 
furniture,  and  upholstery  work.  The  fabric  from  which  the  press-bags  of  the  oil-mills 
are  made  is  also  a  twilled  woollen  material  woven  from  very  strong  and  tough  wool. 

C.  Variegated  or  Patterned  Fabrics^  such  as  are  used  for  trousers,  and  also  woollen 
damask.  Shawls  belong  to  this  class;  in  some  of  these  the  whole  fabric  is  woollen 
(Cashmere  shawls) ;  in  others  a  silk  or  cotton  thread  is  mixed.  The  plaids  and  tartans 
are  especially  British  fabrics. 

D.  Velvets. — Woollen  velvet,  woollen  plush,  and  velpel,  are  merely  distinguished  from 
each  other  by  the  length  of  the  hair,  which  is  greater  in  plush  than  in  velvei,  and  greatest 
in  velveteen.  Woollen  velvets  are  employed  in  various  ways  ;  for  instance,  in  covering 
chairs,  sofas,  for  curtains,  &c.  These  materials  are  more  or  less  loosely  woven,  and  are 
variously  shorn  and  dressed,  being  known  in  the  trade  by  such  appellations  as  astracan, 
beaver,  castorin,  Utrecht  velvet,  <fec. 


Silk. 

Silt  Silk  is  at  once  distinguished  from  cotton,  flax,  hemp,  and  wool  by  being 
naturally  produced  as  a  very  long  and  continuous  thread,  whereby  the  operation  of 
spinning  is  dispensed  with ;  but  in  its  stead  tlie  operation  known  as  silk-tlirowing  is  '^ 

required,  by  which  several  of  the  natural  fibres  of  tlie  silk  are  twisted  into  one  in 
order  to  obtain  a  stouter  yam. 

Silk  is  the  produce  of  the  silkworm  {Bomhyx  mori),  an  insect  which  undergoes 
four  metamorphoses.  The  worm  is  produced,  in  the  spring,  from  the  egg,  or  ovule. 
It  casts  its  skin  from  three  to  four  times,  and  finally  spins  a  thread,  produced,  or 
ratlier  secreted,  by  two  glands  placed  near  the  head,  from  small  aper.^res,  in  which 
is  a  glutinous  fluid  which  immediately  coagulates  under  contact  with  air.  Thus 
what  is  termed  a  cocoon  is  formed,  which  serves  as  a  shelter  for  tlie  pupa 
against  injury  and  cold.  The  tliread  is  double,  but  is  united  in  one  by  a  peculiar 
kind  of  glue  termed  serecin,  which  is  laid  as  a  kind  of  varnish  over  the  whole 
surface  of  the  tliread,  of  which  it  forms  about  35  per  ceut  of  tlie  weight.  After  a 
period  of  fifteen  to  twenty-one  days  the  pupa  is  metamorphosed  into  a  butterfly, 
which,  in  order  to  leave  its  jirison,  softens  a  portion  of  the  cocoon  with  a  juice  which 
it  secretes,  and  then  perforates  the  softened  part.  For  the  purpose,  however,  of 
producing  silk,  the  pupa  is  not  allowed  to  develop  so  far,  but  is  killed  (excepting  in 
a  number  of  cocoons  intended  for  tlie  full  development  of  the  butterflies  so  that  they 
may  produce  eggs),  and  the  tliread  of  tlie  cocoon  is  carefully  wound  on  a  reel. 

vaiteSJ^f  "siSSorm..  "^^^  Bovfihyx  mori  is  the  main  supplier  of  silk.  Its  food  is  the 
leaves  of  the  white  mulberry  tree,  Moras  alba.  There  are,  however,  other  Bilk- 
producing  insects,  among  which  the  following  are  to  be  noticed : — 
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a.  Bomhifx  eynthia,  Inrgely  cultiTateJ  bj  the  native*  of  the  north-caet  portion  of  tht^ 
interior  of  Bengal  and  also  by  the  JapouesG ;  the  formor  call  this  worm  Arrindy-arria,  th§ 
Utter  yama-md'i.    This  worm  feeds  on  rioe  leaves,  BicinuM  conmnnu,    Tbo  Bilk  ohtaitu 
from  this  inaoot,  although  less  bnlliaut  than  thai  which  tho  ordinary  silkworm  yields, 
Tory  nscfal.  n«  being  durable  and  strong.     This  worm  w^ill  letxi  on  otbtT  leuTes,  stirh  i 
thiit  of  the  weaver**  thistle,  Dip«aeut  ftttftmum,  wild  chieory,  Chieorhtm  Intibujt,  and  tt 
leaves  of  the  Ayhnthug  gjandulma.     The  results  o(  acclimatising  this  inat'ct  in  Prano 
ftnd  Oormany  have  been  satisfactor>'. 

h,  Bombyx  Pemyi  is  a  native  of  Mongolia  and  China  i  it  feeds  on  ook-leaTea.  Some 
jeuTS  ago  these  worms  were  introdneed  into  France^  ftiid  huTO  been  fed  and  reared 
ioooesflfullj  upon  Eurupei\ii  oak  leaves* 

tf,  Bomhyx  myliitay  or  TusBa  worm,  is  a  native  of  the  colder  parts  of  Hindostan  and  of 
the  slopes  of  the  Himalayfl.  Its  f^ilk  is  an  Important  article  of  commerce  in  Bengal. 
This  insect  feeds  on  oak  and  otber  leaves,  casts  its  skin  five  time^i,  and  yields  large 
cocoons.  The  tibro  of  this  kiod  of  silk  is  from  six  to  seven  times  stouter  than  the  silk  of 
the  ordinary  worm,  but  tmfortunately  the  Tussa  worm  only  lives  in  its  free  natural  state, 
ftnd  when  captive  does  not  produce  silk.  The  foHowixig  silk-producing  varieties  belong  to 
Nofth  America: — d.  Bomhyx poUfphemux  ;  on  oak  and  poplar  trees,  c.  B.  cecropia  ;  on 
©jm,  whitethorn,  and  wild  mniberry  trees.  /,  B,  platetms ;  on  a  kind  of  mimo« 
Mimosa  platemis,    g,  B*  teuca  deserres  further  attention. 

We  cjuote  the  following  account  of  tlie  culture  and  rearing  of  silkworms  : — i.  The  ^ 
mulberry  tree.  The  leaves  of  the  variety  known  ns  the  white  mulberry  tree,  fi-om 
the  fact  that  its  fruit  is  yellow  or  light  red  in  colour,  ia  the  most  suitable  food  for  tliis 
insect,  but  its  cultivation  belongs  to  horticultural  pursuits,  and  we  cannot  enter  ui»on 
the  subject  here.  2,  The  production  of  the  eggs  or  ova  of  the  silkworm  is  effected  in 
the  following  manner: — The  largest  and  finest  cocoons,  and  such  as  have  a  fine 
tliread,  are  selected  and  presented ;  usually  the  cocoon  of  the  female  insect  is  more 
oval  than  that  of  the  male,  which  is  more  pointed  at  the  ends  nud  is  soraeAvhat 
depressed  in  the  centre.  Although  these  characteristics  do  not  ftpply  in  all  casest, 
serieicultnrists  become  sufficiently  adepts  in  lliis  matter  to  be  able  to  select  a 
sufficient  number  of  cocoons  of  each  sex.  100  to  120  pairs  of  weU-formed  cocoons 
yield  about  30  grms.  of  eggs,  about  50,000  in  number,  from  which,  however,  only 
about  70  to  75  per  cent  of  worms  are  obtained.  The  cocoons  selected  for  breeilinfl 
purposes  are  allowed  to  remain  on  a  tulile  covereil  with  a  white  cotton  cl 
After  some  twelve  days  the  butterflies  make  Uieir  appearance,  and  having  pairo<i,  the 
feimiles  after  a  lapse  of  some  forty  hours  lay  300  to  400  eggs,  3.  The  eggs  arc 
properly  protected  from  cold  in  winter  and  remain  in  the  bulMings,  called  nuhjnn* 
n€ria,  being  placed  in  a  unifonn  layer  on  a  cotton  cloth  stretrhod  on  a  wooden 
frame.  The  efgs  are  covered  wiQi  sheets  of  white  paper  perforated  witJi  small  holes. 
Upon  the  sheets  of  paper  mulberr}^  leaves,  at  first  cut  up  so  ns  to  forui  a  land  otf 
chaff,  are  placed.  In  France  a  contrivanoe  known  bs  a  coataue,  tliat  is  to  say,  an 
oven  in  which  a  stiilahle  temperature  is  kept  up,  is  now  generally  nse<l  for  tlie 
purpose  of  breeding  tlie  worms,  w  hieh  are  best  hatched  from  the  eggs  at  a  tempera- 
ture of  30',  provided  moislure  is  also  present.  The  young  broml  on  leaving  the  #g 
creep  through  Uio  holes  in  the  paper,  and  seeking  daylight  (tlicre  is  always 
access  of  light  in  mugnaneries)  begin  at  ouce  la  feed  on  the  mulberry  leaves,  4.  .The 
rearing  of  the  worms  requires  care  and  attention.  They  are  bist* placed  on  paperJ 
hiid  on  wooden  frames.  The  worms  grow  rapidly  and  aru  very  voracious.  Thejfi 
C4ist  tlicir  sltins  four  times,  and  after  thirty  to  tliirty-two  days  begin  to  spin  tlie 
ciicMiis.  5,  AVlien  the  period  of  spinning  approaches,  the  worms  are  placed  in 
small,  somewhat  conical  wicker-work  baskets,  in  wiuch  Uiey  are  comfortably  located. 
The  first  thrt^d  spun,  or  rather  an  entangled  flocky  mass,  is  afterwards  separately  1 
eoHccted  and  kept  us  tloss  silk.    The  insect  discharges,  before  beginning  to  splftj 
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further,  first  a  solid  substance,  white  or  green  in  colour,  and  consisting,  according  to 
P61igot,  chiefly  of  uric  acid,  next  a  clear,  watery,  very  alkaline  liquid,  which  contains 
1*5  per  cent  of  carbonate  of  potash,  this  curious  discharge  amounting  to  15  to  20  per 
cent  of  the  weight  of  the  worm.  The  formation  of  the  cocoon  is  finished  in  about  five 
days,  but  the  cocoons  are  not  collected  for  tlie  purpose  of  reeling  the  silk  until  after 
seven  or  eight  days,  so  as  to  make  bure  that  all  the  worms  have  spun. 

As  far  as  the  chemical  composition  of  silk  is  concerned,  we  have  to  distinguish 
between  the  fibre  and  its  envelope.  The  fibre  consists  for  about  half  its  weight  of 
fibroin,  a  substance  which,  according  to  Stadeler's  researches,  is  nearly  related  to 
homy  matter  and  mucus,  and  is  identical  with  these  as  regards  chemical  composi- 
tion. The  formula  of  silk  fibroin  is  C15H23N5O6.  The  gum-like  envelope  of  the 
silk  fibre,  which  has  been  termed  by  Cramer  and  Stadeler  silk  glue  or  sericin,  is 
partly  soluble  in  water  and  readily  so  in  soap-suds  and  other  alkaline  fluids.  The 
formula  of  sericin  is  CX5H25N5O8.  P.  Bolley's  researches  have  proved  that  in  the 
silk-producing  and  secreting  glands  of  the  worm  only  glutinous,  semi-liquid 
fibroin  occurs,  which,  in  coming  into  contact  with  air,  is  acted  upon  by  the  oxygen 
and  then  converted  into  sericin.  Haw  silk  leaves  on  ignition  a  small  quantity  of 
ash ;  Guinon  found  in  Piedmontese  raw  silk,  dried  at  loo^  064 per  cent  of  ash,  con- 
sisting of  0526  lime  and  01 18  alumina  and  oxide  of  iron.  Dr.  G.  J.  Mulder  found 
in  100  parts  ofraw  silk : — 

Yellow  silk  from        "White  silk  from  the 
Naples.  Levant  (Almasin  silk). 

Fibroin      53*40  540 

Glue-yielding  matter      2070  191 

Wax,  resin,  and  fatty  matter...  1*50                          1*4 

Colouring  matter    005  — 

Albumin    2440  255 

6.  Killing  of  the  Pupa  in  the  Cocoon. — The  pupa  remains  in  the  cocoon  for  from 
fifteen  to  twenty  days,  and  is  then  metamorphosed  into  a  butterfly,  which  will 
perforate  the  cocoon  and  thus  obtain  an  exit.    It  is  clear,  however,  tliat  the  cocoons 
not  intended  for  breeding  purposes  should  not  be  kept  so  long,  because  by  the 
perforation  of  the  cocoon  the  silk  is  spoiled,  or  at  least  greatly  deteriorated ;  therefore 
the  pupffi  in  the  cocoons  are  killed  either  by  the  application  of  oven-heat  or  of  steam. 
ManipniAUonofUusiik.      Six  diflercut  Operations  are  required  to  render  raw  silk  fit  for 
use  as  an  article  of  commerce  and  suited  for  weaving,  &c.    These  operations  are : — 
I.  The  sorting  of  the  cocoons,  an  operation  which  requires  great  care  and  greater 
experience,  its  aim  being — (a)  the  separation  of  yeUow  from  wliite  cocoons;  03)  the\ 
elimination  of  all  damaged  cocoons  as  only  fit  for  yielding  floret  silk ;  the  damage  may  1 
arise  in  various  ways,  as,  for  instance,  by  mouldiness,  injury  by  otlier  insects,  and,  | 
lastly,  fouling  of  the  pupa,  as  well  as  perforation  by  the  butterfly ;  (y)  selection  of 
the  cocoons  according  to  varying  fineness  of  thread  and  uniformity  of  the  silk. 

2.  Winding  the  silk  on  a  reel  is  tlie  first  operation  with  the  cocoon.  By  this  the 
threads  of  silk  which  the  insect  has  wound  up  into  a  kind  of  ball  is  wound  off  and 
brought  into  the  shape  of  a  skein  or  strand. 

As  the  single  fibre  of  silk  is  far  too  thin  to  be  manipulated,  the  operator  usually 
unites  from  3  to  10  or  even  20,  making  tliem  unite  by  the  operation  of  reeling ;  this 
is  not  by  any  means  so  readily  performed  as  might  be  imagined,  because  it  is 
difficult  to  find  the  end  of  the  thread,  whilst  the  suiface  of  the  cocoon  is  Tarnished 
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witlt  a  gumlikc  mass  which  glues  tlie  fibres  togetlior.  Partly  hj  the  aid 
hot  water  and  partly  hy  dexterity  tliese  difficulties  are  overcome,  and  by 
maoagement  a  tliread  of  250  to  900  metres  length  may  be  obtained  from  each 
coeoon^  each  yielding  from  016  to  0*20,  at  the  utmost  025  grms.,  of  raw  silk,  i  kilo, 
of  raw  silk  requires  from  10  to  12  kilos,  of  cocoons.  The  silk  thus  obtained  is  tcrme<l 
raw  silk,  which  sliould  ha  quite  umfomi  as  regards  tliickness  and  sti-englh  of  fibre. 
Tliat  portion — the  interior  and  a  portion  of  the  outer  layer  of  tlie  cocoon— ivhich  does 
not  admit  of  being  reeled  ofl'  is  employed  for  making  floret  silk,  by  operations  similar 
to  tliose  in  use  for  wool  and  colluu — viz.,  cleansing,  disentangling,  combing, 
carding*  and  spinning,  to  produce  a  silk  yarn. 

I.  lli^  Throicinff  of  Silk, — As  the  thread  obtained  l»y  reeling  is  too  fine  for 
nse  eitlier  for  weaving,  knitting,  sewing,  4c.,  it  15  usual  to  unite  several  tlu'eads  of 
silk  by  means  \'QrY  similar  to  those  used  in  ropc-makin;^,  an  operatiou  termed  ■ 
tljrowing,  kno^Ti  as  twisting  when  the  thread  of  raw  silk  is  simply  rotated  on 
its  axis  so  as  to  make  it  stronger,  Tlie  following  are  the  chief  varieties  of  thrown 
silk: — I.  Organzine,  used  as  chain  for  woven  silk  fabrics,  is  prepared  from  the  be&t 
raw  ailk.  The  threads  of  3  to  8  cocoons  ai*e  united  ;  being  first  strongly  twisted  and 
next  tlirown,  after  which  two  of  such  thrends  are  twisted  together.  2,  Triime  ti8«d 
for  woof  or  weft  and  for  silk  cord  is  made  from  inferior  cocoons.  Stngle-threaded  > 
trame  consists  of  one  single  twisted  raw  silk  tlircad  made  up  of  the  united  tltrcads  of 
3  to  1 2  cocoons.  The  double-threaded  trame  consists  of  two  untwisted  threads  thrown 
to  the  left  but  less  strongly  than  in  organzine.  There  is  also  three -tlircAded  trame,  kc, 
Trame  is  softer  and  smoother  tJjan  organzine^  and  therefore  fills  better  than  round 
threads  in  weaving.  3,  Marabou  silk  is  stiJl!y  thrown  and  similar  to  whipcord ;  it  ia 
made  from  tliree  tlireads  of  Uie  whitest  raw  sillc  and  thrown  in  tJie  trame  fashion ;  is 
dyed  williout  being  previously  scotired  (boiling  tlie  gum  out  in  this  inst-ance),  and  is 
again  thrown  nfter  dyeing,  4.  Poil  silk  is  a  simple  raw' siUc  thready  twisted, 
and  used  cluclly  as  a  basis  for  gold  and  silver  wii*e,  such  as  is  worn  on  mUitaiy 
uniforms.  5.  Sewing  silk  is  obtained  from  some  3  to  211  cocoon  tlireads  being 
twisted  together.  There  are  several  other  varieties  of  silk  thread  used  for  crochet, 
knitting,  &c. 

^  '^  CondUimiifvj  or  Testing  of  Silk. — The  fineness  of  raw  as  well  as  of  tlirown 
silk  is  expresfeed  by  stating  how  many  yards'  or  metiTs*  length  of  the  fibi*e  are 
contained  in  a  certain  weight.  The  unit  abroad  is  400  ells  or  475  metres.  Wh^-n  llio 
expression  is  used,  that  such  silk  is  at  10  grains,  it  is  understood  tlmt  475  motiW 
length  of  that  parti*rular  silk  weigh  10  grains ;  a  ailk  at  20  grains  has  tho  samo  i 
kngth  but  double  the  weight,  and  consequently  that  silk  is  only  htdf  as  fine  as  the 
fonuer 

(Ittivv,  as  well  as  tlirown  bilk,  eoutuiris  a  large  quantity  of  hygroscopic  whaler, 
thi>  quantity  of  which  cnmuit  be  judged  by  the  external  appearance  of  the  material. 
The  silk  usually  met  with  in  commerce  contains  10  to  18  per  cent  of  hygroscopic 
water ;  and  silk  may  occasionally  contain  even  30  per  cent  witlioat  appearing  to 
be  moist.  As  silk  is  a  very  expensive  material  and  often  sold  by  weight,  it  is  clear 
that  this  property  of  taking  up  water  is  too  uj>purtant  to  be  left  unnoticed  :  and  for 
that  reason  silk  is  conditioned  as  it  is  calleti,  that  is,  the  quantity  of  water  it 
tt»iitain9  Is  duly  ascertained. 

5.  Sc^MttiSJit  Boding J^^  <?*"'*  out  of  Silk. — Excepting  a  fcwiostnniHse,  sudi  aa 
for  example,  in  tlie  weaving  of  fine  silken  sieve  cloths^  and  for  crape  and  gauze 
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fabrics,  rawsilk  has  to  be  deprived  of  its  envelope — the  gummy  matter  already 
mentioned,  in  order^to  give  softness,  suj>plcness,  gloss,  and  especially  also  to  ren4er 
the  silk  fit  for  being  dyed. 
TEeoperation  of  scouring  is  comprised  in  the  following  manipulations : — 

1.  Removing  the  gum  (degommcr). 

2.  Boiling. 

3.  Colouring. 

The  taking  out  of  the  gum  is  performed  in  the  follo\^dng  manner : — Olive  oil  soap 
is  first  dissolved  in  hot  water  and  into  tliis  solution  at  85°  tlie  skeins  of  silk  are 
placed  hung  on  sticks.  The  skeins  are  moved  about  in  this  bath  until  all  the  gum 
has  been  uniformly  taken  out.  The  silk  is  next  wrung  out,  rinsed  in  fresh  water 
and  then  dried.  Silk  may  by  this  process  lose  12  to  25  per  cent  in  weight, 
according  to  tlio  quality  of  the  raw  silk  and  the  quantity  of  soap  employed.  The 
scoured  silk  is  ready  for  dyeing  with  dark  colours,  but  if  required  to  be  dyed  with 
briglit  colours  it  has  to  be  first  boiled.  To  this  end  it  is  put  into  coarse  canvas 
bags,  each  containing  from  12  to  16  kilos,  of  silk,  and  in  these  sacks  the  silk  is 
placed  in  a  soap  bath  and  boiled  for  i  \  hours ;  the  silk  is  next  rinsed  in  water,  wrung 
out,  and  dried.  The  operation  of  rosing  or  colouring  aims  at  imparting  to  the  silk  a 
slight  tint  in  order  to  enhance  its  beauty.  Tlie  trade  distinguishes  various  hues  of 
white  silk,  such  as  Chinese  white,  azure  white,  pearl  white,  &c.  The  first  of  these 
lines,  a  somewhat  ruddy  tint,  is  obtained  by  rinsing  the  silk  in  soap-water,  to  which 
some  Orleans  has  been  added.  Tlie  bluish  hues  are  produced  by  indigo  solutions. 
The  bleaching  of  scoured  silk  is  effected  by  the  aid  of  sulpliurous  acid,  the  fibre 
either  being  placed  in  a  room  where  this  gas  is  evolved  from  burning  sulphur,  or  by 
treating  the  silk  with  an  aqueous  solution  of  the  acid.  As  silk  loses  a  great  deal  in 
weight  as  well  as  in  body  by  the  scouring,  w^liich  is,  however,  required,  because  raw 
silk  does  not  admit  of  being  dyed,  it  has  become  tlie  practice  to  produce  a  material 
called  souple,  obtained  by  treating  tlie  raw  silk  witli  boiling  water  in  which  only 
a  small  quantity  of  soap,  i  kilo,  to  25  kilos,  of  silk,  is  dissolved.  Instead  of  this 
soap  solution,  an  acidified  (with  dilute  sulphuric  acid)  solution  of  sulphate  of 
magnesia  or  of  soda  is  sometimes  used.  The  silk  loses  by  this  process  only  4  to  10  per 
cent  in  weight.  In  order  to  bleach  raw  silk  without  depriving  it  of  its  natural 
rigidity,  the  skeins  are  digested  at  a  temperature  of  20**  to  30'  with  a  mixture  of 
alcohol  and  hydrochloric  acid ;  this  liquor  becomes  green  in  colour,  and  the  deeper 
the  hue  the  whiter  the  silk.  The  silk  is  rinsed  in  water,  and  having  been  drie'd  will 
be  found  to  have  lost  only  about  2*91  per  cent  in  weight.  The  alcohol  used  in  this 
process  may  be  readily  recovered  by  neutralising  the  acid  with  chalk  and  by 
subsequent  distillation. 

Wearing  o«  Silk.  This  brauch  of  the  silk  industry  is  very  similar  to  the  weaving  of 
cotton,  linen,  woollen,  and  mixed  fabrics;  very  frequently,  however,  silk  yam 
is  mixed  and  woven  with  other  fibres.  Often  either  the  chain  or  woof  is  made 
simply  of  twisted,  not  of  thrown,  silk,  the  advantage  being  tlie  production  of  thicker, 
but  less  coarse  fabrics.  Dark  silk  tissues  are  ready  for  the  market  as  soon  as 
woven ;  they  are  only  folded  and  pressed.  Lighter  silk  fabrics  (atlas  and  taffetas) 
are  washed  over  with  a  sponge  dipped  in  a  solution  of  gum  tragacanth,  and  are  next 
hot-pressed  or  calendered  by  the  aid  of  iron  cylinders  either  heated  by  steam  or  by 
placing  a  red-hot  iron  in  them.     Heavy  silk  fabrics  are  often,  as  it  is  termed. 
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mmr^^,  that  is,  while  partly  moistened  arc  passed  between  hot  rollers.  By  the  aid  of 
lopper  cylinders  beiiriiig  various  designs,  different  patteiiis  are  ai  relUf  cmliossed 
upon  heavy  sillceu  and  silk  velvet  fiihrics,  being  gaufred,  as  it  is  tenned. 

Silk  fabrics  are : — i.  Smooth,    2.  Twilled.    3-  Patterned.    4.  Gauze.     5.  Velvet. 

a.  To  the  first  category  belong : — i,  Tafltetas»  a  light,  thin,  smooth  tissue,  made 
of  scoured  silk,  the  chain  being  organzine  eingks  threaded,  the  woof  trame,  and| 
bi-  or  tri-threaded.     2.  Gros  {Gro»  de  Tours,  Orot  de  Napless,  a  heavy  tafletns-like] 
fabric,  woven  with  hea^'^'  tliread,  and  hence  having  a  ribbed  appeai*anco  when  thick 
and  thin  threads  are  mixed. 

h.  Twilled  fabrics  are : — i.  The  various  kinda  of  serges  {CroisS,  leKaiitin,  drop 
de  ioU,  bombann).  This  fabric  has  a  right  and  a  wrong  side,  tlie  former  being  the 
cliain  side,  2,  Atlas,  or  satin,  in  all  its  endJuss  varieties,  single,  double,  haH  and 
serge  atlas. 

c.  Patterned  fabrics.  To  tliis  class  btflong  all  fabrics  which  either  by  the 
art  of  weaving  or  by  other  means  are  distinguished  by  some  design  (droguet,  chagrin, 
reps,  silk  damask,  ^.) 

d.  To  the  velvet  fabrics  beloig :— i.  Genuine  velvet;  cut  or  tmcut.    2.  Plush. 

€,  To  the  Bilk  gauzes  belong  an  immense  variety  of  very  light  materials,  as  for 
instance: — i.  Marie.  2,  Silkstramin.  3.  Crape.  4.  Various  quaUtiee  of  silk  webs. 
5.  Barege. 

It  is  quite  beyond  the  scope  of  this  work  to  enter  into  further  details  on  the 
subject  of  Uie  mixed  fabrics,  of  which  indeed  there  is  a  vety  large  and  yearly 
increasing  variety.  Among  tlK-m  we  mention  here  only  poplin  as  made  in  Ireland,  a 
beautiful  mixed  fabric  of  linen,  woo],  and  silk,  and  often  woven  in  what  Is  known 
as  tartan  pattern.  Mixed  woollen  silk  and  cotton  fabrics  are  very  largely  produced 
in  this  country  as  well  as  abroad. 
unb*  insfliik      Owing  to  the  manufacture  of  mixed  fabrics,  it  has  become 

v.  r  t.         a  necessity  to  be  enabled  to  detect  and  distinguisli  silk  from 

woollen  as  well  as  from  cotton   and   Hncu   fibres.      Microscopical   investigation 
aided  by  chemical  tests  are  reoorted  to  for  this  purpose.  ^ 

The  animal  hbres  (sOk,  wool,  and  alpaca^  are  at  once  distinguished  fromf 
the  veget-iible  (flax,  hemp,  cotton),  by  ilie  fact  that  tiie  former  ai-e  soluble  in  caustic 
potash,  and  the  latter  not.  The  animal  fibres  on  being  singed  give  off  a  smell 
of  buint  feathers,  and  when  ignited  in  i\\e  tlamo  of  a  candle  are  almost  immediately 
extinguished,  a  carbonaceous  residue  being  left.  Cotton  and  linen  fibres  continue  to 
burn,  do  not  give  ofl'  the  smell  of  burnt  featliers,  and  do  not  leave  a  carbonaceous 
mass  when  extinguished.  \Yool  and  silk  are  coloured  yellow  by  nitric  acid 
(1*2  to  13  sp.  gr.i,  cotton  and  linen  not  so.  Nitrate  of  protoxide  of  mercury  colours 
animal  rd)re3  intensely  red,  and  upon  the  addition  of  a  soluble  alkaline  sulphuret 
this  colouration  l)ccomes  black.  I..inen,  or  flax,  and  cotton  are  not  at  aU  acted  upon 
by  this  reagent.  An  aqueous  solution  of  picric  acid  dyes  wool  and  silk  intensely 
yellow,  but  not  so  vefj^etablo  fibres.  The  colourless  liquid  obtained  (according  to 
Iiiiil)crmann|  by  boiling  a  solutiriu  of  fuchsino  with  cau^stic  potash  docs  not  in»piirt 
to  a  mixed  fabric  of  wool  and  cotton  any  colour  at  nil ;  but  when  the  fabric  is 
thoroughly  washed  in  water,  tlio  woollen  fibre  becomes  intenstly  rcdcoloured,  wliil© 
tiie  cotton  fibre  rntnnina  colourless.  A  solution  of  ammoniacal  oxide  of  copper  in 
excess  of  ammoni*i.  dissolves,  first  silk,  next  cotton,  but  not  wooL  \Micn  wool  and 
floret  silk  are  mixed  tlje  latter  may  be  dissolved  by  successive  treatment  with 
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nitric  acid  and  ammonia,  while  wool  is  left.  A  solution  of  oxide  of  lead  in  canstio  * 
potash  or  soda  may  serve  to  distinguish  wool  from  silk,  owing  io  tlic  fact  that,  in 
consequence  of  the  former  containing  sulphur  and  the  latter  not,  tlie  mixture,  when 
wool  is  present,  becomes  black.  Nitro-prussido  of  sodium  is  undoubtedly  the  most 
delicate  test  for  distinguishing  between  silk  and  wool  in  solution  in  caustic 
alkali,  because,  owing  to  the  sulphur  of  the  wool,  this  reagent  produces  in  the  solution 
a  violet  colouration. 

By  tlie  aid  of  tlie  microscope,  cotton,  wool,  and  silk  are  readily  distinguished 
from  each  other.  As  for  cotton  (see  p.  343),  it  has  been  fully  described,  and  its 
microscopical  appearance  illustrated  by  woodcuts,  as  also  have  silk  and  woollen 
fibres.  Of  the  latter  we  may  now  state  that,  whereas  cotton  fibre  consists  of  only 
one  cell,  wool  (as  also  hair  and  alpaca),  is  made  up  of  numerous  juxtaposed  cells: 

Fio.  255. 
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the  silk  fibre  being  similar  to  tlie  secreted  matter  of  spiders  and  other  kinds  of 
caterpillars.  The  silk  fibre  (Fig.  253)  is  smooth,  cylindrical,  devoid  of  structure,  not 
hollow  inside,  and  equally  broad.  Tlie  surface  is  glossy  and  only  seldom  are 
any  irregularities  seen  on  it.  If  it  is  desired  to  detect  in  a  woven  fabric  the 
genuineness  of  the  silk,  it  is  best  to  cut  a  sample  to  pieces,  place  it  under  water 
under  the  object-glass  of  a  microscope  magnifying  120  to  200  times,  covering  it  with 
a  thin  piece  of  glass.  ( The  round,  glazed,  equally  proportioned  silk  fibre,  Fig.  254, 
is  easily  distinguished  from  the  unequal  and  scaled  wool  fibre  (w  in  Fig.  255),  and 
from  the  flat  band-like  and  spiral  cotton  fibre  (n.  Fig.  2551.  /  Under  tlic  microscope 
also  the  admixture  of  inferior  with  superior  fibres  of  siUt  can  be  easily  detected.  A 
small  microscope  known  as  a  "  linen-prover  "  is  sold  for  these  examinations. 
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Taknino. 

Tiaiiing,  The  operation  bj  which  the  skms  of  various  animals,  more  especially 
those  of  the  larger  mammalia,  arc  converted  into  leather  is  called  tanning.  By 
leather  we  understand  a  substance,  tough,  flexible,  not  harsh;  further,  distin^tished 
by  resisting  putrefaction  and  by  not  yiddinj;?  any  glue  when  boiled  in  water, 
OS  is  the  case  with  tanned  hide,  sole  leatlier,  and  the  so-called  red-tanned  leather,  or 
only  after  a  very  continued  boilingf,  as  with  tawed  skins  of  calves,  sheep,  or  goats. 
Wliatever  the  differences  which  obtain  in  the  practical  processes  for  carrying  out  the 
conversion,  the  physical  principle  involved  ia  the  same  in  alL  Knapp's  general 
definition  of  lenther  is  tliat  it  is  skin,  in  wliich  by  some  means  or  otiier  the  aggluti- 
nation of  the  fibres  after  drying  has  been  prevented. 

To  a  comparatively  very  recent  period  tanning  was  conducted  on  an  empirical 
basis ;  it  is  only  by  a  more  accurate  laiowledge  of  the  histological  structure  of  tlie 
bMu  and  of  tlie  tannin-containing  materials  tliat  the  real  nature  of  the  process  has 
become  known,  this  knowledge  being  due  chiefly  to  the  researches  of  F,  Knapp  and 
Rollet, 

That  which  is  converted  into  loatlier  is,  however,  not  the  skin  or  hide,  but  really 
what  is  known  anatomically  aa  the  corium,  that  is  to  say,  the  inner  portion  of 
the  skins,  from  which  by  mechanical  (cutting  and  scraping)  as  well  aa  by  chemical 
means  (action  of  lime}  the  other  integuments  have  been  removed.  In  its  most  general 
sense  tanning  should; — i.  Etfect  the  prevention  of  putrefaction.  2.  Render  the 
dry  skin  a  supple,  fibrous,  tough,  non-transparent  substance,  and  not  homy  as  would 
be  the  cose  were  tlio  skin  simjjly  dried.  A  wcll-tanncd  skin  or  hide  possessing  tliese 
propLTtics  is  termed  *'well  iinished.'*  The  specilic  process  of  tanning  is  of  course 
preceded  by  some  preliminary  operations,  the  aim  of  wldch  is  to  "dress"  the  sldns  or 
hides — that  is,  in  scientific  terms,  to  prepare  the  corium  more  or  less  perfectly  free 
|firom  aU  other  integuments.  Tanning  in  the  more  restricted  sense  of  the  word  may  be 
cted  by  a  great  many  organic  and  inorganic  substances ;  but  in  practice  on  the 
large  scale  there  is  employed : — 

1.  Tannin  as  contained  in  oak  bark,  producing  brown-red  tanned  leatlier. 

2.  Alum  and  common  salt — ^Tawing. 

3.  Fatty  matters— Samian  or  Oil  Tawing. 

AttaiooyorAaiauaskiji.  Leaving  tlic  hair  out  of  the  question,  the  skiji  of  tlic  mam- 
malia consists  of  several  layers.  The  uppermost  of  tliese  in  which  the  hair  id 
growing,  the  epidcnnis,  ia  very  thin,  semi -transparent,  and  consists  of  cells  which 
contain  nuclei.  This  epidermis  is  covered  by  a  more  or  less  homy  layer  not 
possessing  any  vital  properties,  which  gradually  wears  off,  mid  is  as  gradually  replaced 
by  the  stratum  Mtdphjhii^  or  Malphigian  net,  a  structure  consisting  of  cells  con- 
taining fluid  and  nuclei.  It  is  this  layer  in  which  tlje  nerves  and  fijier  blood  vesseU 
are  imbedded,  togctlier  with  tlie  glands  which  provide  the  perspiration.  In  the  tan- 
yards  tills  layer  is  known  aa  tlie  hloom  gidc,  or  hair  aide  of  the  skin  or  liide. 
The  real  corium  or  derma,  situated  under  tlie  layer  just  mentioned,  docs  not  consist 
iif  cells,  but  is  of  a  I'lbrous  texture,  and  is  that  portion  of  tlie  skin  which  after 
tanning  constitutes  tlio  leather ;  in  the  living  animal  it  ia  Bepomted  from  tlift 
^UBcles  by  a  more  or  less  strongly  developed  fat-bearing  tissue,  the  so-called 
panmculus  adiprnxtt,  which  is.  however,  removed  in  tlie  dressing,  the  side  of  the  fikin 
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or  hide  to  which  it  was  attached  being  termed  the  flesh  side.  All  the  histological 
constituents  of  skin  or  hide  possess  the  property  of  sw^elling  up  when  put  into  hot 
water,  and  of  becoming  after  more  or  less  protracted  boiling  converted  into  glue, 
more  slowly  when  the  skin  is  taken  from  old,  more  rapidly  when  from  young 
animals.  By  the  action  of  acetic  acid  the  fibrous  tissue  of  the  skin  is  converted  into 
a  jelly-like  transparent  mass,  in  which  the  fibres  are  not  only  not  destroyed  but  pre- 
sent with  their  peculiar  structure.  Alkaline  leys  dissolve  this  tissue  but  very 
slowly ;  wliile  lime-  and  barj'ta- water  have  no  other  effect  on  it  than  simply  the  dis- 
solving therefrom  of  the  cellular  binding  tissue  wliich  permeates  it,  and  which  is  an 
albumen  compound  also  acted  upon  by  dilute  acids. 

The  various  operations  of  tanning,  more  particularly  the  preliminary  operations 
of  steeping  and  dressing,  are  based  upon  the  behaviour  of  the  different  histological 
elements  of  the  skin  and  hide  with  alkaline  and  acid  fluids  ;  but  the  real  process  of 
tanning  is  based  upon  the  behaviour  of  the  corium  with  totally  different  reagents. 
This  latter  substance  has  the  property  of  combining  with  tannic  acid,  several 
metallic  oxides,  viz.,  alumina,  the  oxides  of  iron  and  chromium,  oxidised  fatty 
matter,  the  insoluble  metallic  soaps  (compounds  of  fat  acids,  viz.,  stearic,  palmitinic 
acids,  &c.,  with  oxide  of  lead,  &c.),  picric  acid,  pinic  acid  (present  in  rosin),  and 
other  organic  substances,  somewhat  in  the  same  way  as  animal  and  vegetable 
fibre  combine  with  dyes  and  pigments.  In  the  most  extended  sense  of  the  word  all 
these  substances  are  tanning  agents,  because  they  possess  the  property  of  being 
precipitated  on  and  in  the  fibres  of  the  corium,  so  that  when  the  latter  is  dried  the 
agglutination  of  the  fibres  is  prevented,  and  the  natural  suppleness  and  softness  of 
tlie  skin  preserved.  But  in  the  case  of  the  application  of  alumina  compoimds,  the 
softness  is  only  imparted  to  the  tanned  skins  by  the  operations  of  currying  and 
dressing. 

I.  Bed-  or  Bark' Tanning, 

Tanning  Materials. — This  branch  of  industry  employs  as  raw  materials  hides  and 
vegetable  materials  containing  tannin. 

These  vegetable  materials  contain  essentially  an  astringent  principle  termed 
tannin  or  tannic  acid,  and  which,  though  it  differs  in  some  of  its  properties  as 
derived  from  different  plants,  agrees  in  being  of  an  astringent  taste,  exhibiting 
acid  reaction  to  test-paper,  of  yielding  with  salts  of  peroxide  of  iron  a  deep  blue- 
black  or  greed-black  colour,  of  precipitating  solutions  of  glue  and  cinchonine,  and 
lastly  of  converting  animal  skins  into  leather.  It  has  been  proved  that  the  tannin 
present  in  nut-galls — ^wliich,  by-the-bye,  are  too  expensive  for  use  in  tanning  opera- 
tions— is  converted  by  the  action  of  acids  and  by  fermentation  into  glucose  and 
gaUic  acid,  the  latter,  however,  not  being  suited  for  tanning  purposes.  Under  the 
conditions  which  obtain  during  the  tanning  of  hides,  the  tannic  acid  contained 
in  oak  bark  (tan)  cannot  be  split  up  similarly  to  nut-galls,  and  tliis  negative 
property  really  aids  tlie  tanning  operations  greatly.  All  kinds  of  tannic  acid  are, 
when  in  contact  with  alkaHne  liquids,  such  as  lime-water,  caustic  potassa,  ammonia 
and  with  the  simultaneous  presence  of  air,  decomposed  and  converted  into  brown 
coloured  liumin  substances. 

OftkBark.  Tliis  substaucc  is  for  the  tanner  the  most  important  of  all  tannin- 
containing  materials,  and  cannot  be  replaced  by  any  other.  It  is  the  inner  bark  of 
several  kinds  of  oak,  Quercus  rohur,  Q.  pedunculata,  and  is  stripped  from  the  trees 
and  branches  when  these  have  attained  an  age  of  from  nine  to  fifteen  years,  the  bark 
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wlien  cut  into  splints  being  termed  tan,    AcconJing  to  E.  Wolff,  tha  quantity  of 
tannin  contained  in  oak-bark  is  aa  follows  :■ — 

Toniuc  Acid.       Age  of  ike  Trees. 
In  tlie  cruJc  bark  covered  ivitii  tho  rind       1086  per  cent      41  to  53 
inside  layer  of  the  old  bark 

,,       inside  of  tlie  bark ,., 

„  crude  bark  and  insido  of  bark  ... 
,,  inside  layer  and  inside  of  bark 
„      inside  of  bark ... 

According  to  Biichner's  researches  (1S67)  the  quantity  of  timnic  acid  contained  in 
the  best  kinds  of  oak  bark  does  not  exceed  6  to  7  p*^r  cent.  The  fir  bark  (produce  of 
Pitius  sylveHrut)  is  one  of  the  beat  tanning  materials,  and  is  frequently  used  for  sole 
lettrther ;  tlus  bark  is  stripped  off  the  trees  immediately  after  they  have  been  cut  down 
for  timber.  While  J.  Fesor  found  5  to  15  per  cent  of  tannin  in  tliis  bark,  Dr  Wagnvr 
found  oidy  73  per  cent.  In  tlio  United  Stales  the  bark  of  the  Ahi^s  ittnathftm 
is  used ;  and  an  extract  is  in  llio  trade,  which  according  to  Nessler's  researches 
(1867)  contains  143  per  cent  of  tnnnic  acid.  The  extract  is  imported  iiito  this 
country  under  the  erroneous  appellation  of  hemlock  extract.  The  bark  of  the  elm 
with  3  to  4  per  cent  tannin,  the  bark  of  the  horse-chestnut  witli  about  z  per 
cent  tannin,  and  beech-tree  bark  with  also  about  2  per  cent  tannin,  ore  all  employed 
for  tanning  purposes.  The  younger  branc}ies  and  twigs  of  the  willow  trees  yield  li 
bark  {3  to  5  per  cent  tannin)  which  is  especially  suited  for  certain  kinds  of  glove 
leiither ;  while  another  kind  of  willow  bark  is  used  for  Uie  tanning  of  Russian 
leather.  In  Tasmania  and  New  Soutli  Wales  tlie  barks  of  some  species  of  ftcaci&, 
viz.,  Acacia  dealbata,  J.  melanoxiflon^  A,  hmophtjlla,  and  A.  dectirrens  are  used. 
Among  the  native  European  plants  which  might  be  odvautageousJy  cultivated 
for  tanning  purposes,  the  Pohfgonum  hiniorta  deserves  to  be  mentioned :  this  plant 
should  contain  according  to  Fraas  from  17  to  21  per  cent  (?j  of  tamiic  acid. 

soMttc  This  sub  stance  is»  next  to  oak  bark,  one  of  the  mobt  imi>ortant  tanning 
materials;  it  ts  tlie  product^ — ^tlie  leaves  and  stems — of  a  shrub,  the  so-called  tanner's 
sumac  {Rhu  coriaria  and  II.  tt/phina),  wluch  grows  wild  in  Southern  Europe  and 
tho  Levant,  and  is  cultivated  in  North  America  and  Algeria.  The  shoots  from  the 
roots  are  collected  and  planted  in  June,  and  after  some  tliree  years*  growtht  tJio 
shrubs  are  large  enough  to  admit  of  tlic  branches  and  leaves  being  gathered.  The 
young  branches  and  twigs  are  cut  otT,  and  after  drjing  in  the  sun,  die  leaves  are 
beaten  off  with  sticltsor  clubs,  and  next  crushed  under  milbstones,  sifted,  and  pocked 
into  biicksj  imd  thus  sent  into  tho  market.  Tho  sumac  of  commerce  is  a  coarse 
powder,  exhibiting  a  yellow  or  blue-green  colour,  and  containing  12  to  i6'5  per 
cent  of  tannic  acid.  By  keeping,  the  tannic  acid  of  sumac  is  converted  into 
secondary  products,  owing  to  a  spontaneous  fermentation*  Sumac  also  contains  a 
yellow  dye-stuff  which  seems  to  be  identical  with  quercitrin.  With  sumac  should  not 
be  confused  another  material  of  the  same  name,  but  distinguished  as  Italian  or 
Venetian  sumac,  and  derived  from  tho  Bhmcotinu^,  also  yielding  fustic  or  yellow 
dye-^wood,  Italian  sumac  is  tho  pulverised  bark  of  tho  young  twigs  an<l  leaves  of 
tills  plant,  wliieh  under  tho  name  of  niga  grows  in  Southern  Europe  and  also  near 
Vienna ;  it  is  largely  used  in  the  countries  wlier©  it  grows  for  tanning  purposes^ 
being  more  particularly  employed  for  preparing  goat-  and  sheep-sldna. 
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Dtruuru  The  material  designated  by  this  name  is  the  seed  capsule  of  some  trees 
found  native  in  Central  Americat  and  belonging  to  the  Ot^salpiniacia ;  these  seed 
capsules  are  about  6  centima.  long,  are  bent  as  an  S,  have  a  Vrown-red  colour,  and 
contain  olive-green  coloured,  egg-sliaped.  polished  seeds.  In  1768  the  Spaniards 
brought  tMs  material  to  Europe,  where  it  is  used  for  tanning  purposes  on  account  of 
the  tannin  contained  in  the  epidermis  of  the  capsules  [morecorrectly  #»7t^Mdr,  orpods). 
The  quantity  of  tannin  was  found  by  Muller  to  be  49  per  cent»  by  Fleck  3 2  4  per 
cent,  wliile  Dr.  Wagner  found  from  ig  to  26  7  percent,  Dividivi  is  rather  an  expen* 
sivo  tanning  material,  but  ia  occasionally  used  for  dyeing  purposes^  Among  the 
tannin- containing  substances  which  are  occasionally  imported  from  abroad  may  be 
mentioned  tlio  bablahp  the  produce  of  tlie  Acacia  Bahlah  and  allied  species.  This 
matmal  contains,  according  to  Fleck,  20  5  per  cent  tannin,  wUilo  Dr.  Wagner  found 
I4'5  per  cent,  jVlgarobilla,  the  seed  capsules  of  the  Pro^o}ii4i  jujUUla,  a  native  of 
CliiU*  has  been  also  occasloniilly  employed  as  tanning  material  in  this  country. 
Although  rayrobolaiis,  Uw  fruits  of  Tcrminalia  citra,  1\  BeUirica,  and  1\  Chchula,  arc 
imported  from  Bombay,  they  contain  too  little  tannin  to  be  of  any  service  in  tan-yards. 

ifato*ii«.  We  imderstand  by  this  name  an  excrescence  formed  on  the  leaves  of  tlie 
Quercua  infectorm  by  the  puncture  of  the  female  insect  of  the  Ctjnips  tjalhi  ttnctoria, 
or  oak  wasp,  eflected  in  the  leaves  and  young  twigs  in  order  to  deposit  its  eg\^ ;  the 
juices  of  the  tree  coUect  round  tlie  egg,  and  on  hardening  form  tiie  nut-gall.  This 
mat<irial  is  best  collected  before  tlje  young  insect  Ims  become  fully  developed, 
because  tlien  the  goU  contains  the  largest  quantity  of  tannic  acid.  In  the  mai'ket 
three  varieties  are  met  with,  termed  black,  green,  and  white  galls.  The  black  and 
green  variety  have  been  gathered  before  tlie  insect  became  fully  developed  inside  tlie 
nut;  these  galls  therefore  do  not  exhibit  outwardly  any  hole  or  opening,  but  on 
breaking  tlie  gall  there  will  be  observed  in  the  centre  a  small  cavity  surrounded  by  a 
light  brown  friable  substance,  which  contains  the  lai-va  of  the  inscet.  Galls  are 
generally  spherical,  but  exliibit  small  irregularities  of  surface,  and  are  of  a  black- 
green  or  grey  colour.  Tlie  white  galls  ai*e  gailiered  after  the  insect  is  fully 
developed,  and  has  by  perforating  the  tissue  of  the  gall  escflped.  This  variety  is 
more  t^pongy,  its  colour  is  a  red-brown  or  browTi-yellovv.  Galls  of  good  quality  are 
obtained  only  from  warmer  countries,  for  although  galls  are  formed  in  our  climate 
upon  oak  leaves,  the  quantity  of  tannin  contained  amounts  to  only  3  to  5  per  cent. 
Fehling  found  in  iVleppo  galls  from  60  to  66  per  cent  of  tannic  acid,  while  Heck 
found  5871  per  cent  of  this  acid,  and  5:9  per  cent  gallic  acid, 

ViioniAKuti.  These  are  the  dried  immature  acorn  cups  of  two  species  of  oak, 
Qiterctis  (ztjUopi  and  Valonia  vamala,  botli  being  employed  in  tanning  as  vf^W  as  the 
valonia  nuts  produced  b}^  the  puncture  of  tlie  Ctjnlpi  qucrcm  cfihjds.  The  quantity 
of  tannic  acid  met  with  in  these  substances  averages  about  40  to  45  per  cent.  In  the 
so-called  valonia  liour,  obtained  by  grinding  tlic  ncoms  belonging  to  tliis  class, 
Dr,  Wagner  found  19  to  27  per  cent  of  tannin.  The  acorn  cups  are  imported  under  the 
name  oidrill^l,  and  according  to  Rotlio  tliese  contain  43  to  45  per  cent  of  tannin. 

CbiaiM  a«iifl.  Under  this  name  has  been  known  in  the  ti*ade  since  iS47,and  imported 
from  Japan,  China,  and  Ncpaul,  the  excrescence  upon  a  kind  of  sumac,*  fihu* 
javaniva  and  E.  sem'uthttn,  produced  by  the  puncture  of  tlio  Aplm  sinensis.  This 
gall-nut  is  rather  oblong  or  bean  shaped,  with  an  irregular  surface  covered  T\ith  a 
yelloW'grey  felt ;  the  length  varies  from  3  to  10  ccntims,,  and  the  thickness  from  15  to 
4  ccntims.  j  the  texture  is  homy ;  the  quantity  of  tannin  varies  from  60  to  70  per  cent 
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ctaicb.  The  substances  long  known  iq  medicine  under  the  name  of  cateclm  and 
idno  have  been  for  the  kst  fifty  years  also  employed  as  tanning  materials.  Theyare 
vegetable  extracts,  that  kno^^Ti  as  eutch  (trade  terra)  being  obtAioed  by  eathausting 
wilh  boiling  water  tJie  pith  of  the  wood  of  the  Acaciu  ctttechu,  a  tree  met  with  in 
differ^^nt  parts  of  tlie  tropical  regions  of  Asia.  The  Hquor  obtainod  by  boiling  t!ie 
pith-wood  in  water  i»  Jn^^pissated,  and  on  cooling  forms  a  solid  mass,  which  is  brought 
into  commerce  in  various  shapes  and  named  after  tlie  port  of  stiipment  Bombay 
eutch  is  met  with  in  the  shupe  of  lar;^G  sqniirci  hltJcks,  through  and  round  which  the  * 
leaves  of  a  kind  of  palm-tree  are  placed.  The  colour  of  tlie  fracture  of  this  substance  ' 
is  a  brown-black  witli  a  fatty  gloss  ;  externally  the  mass  is  dull  and  friable.  Bengal 
eutch  is  prepared  from  the  nuts  of  the  Areai  aU^'htt,  and  occurs  in  commerce  as 
large,  iiTcgularly* shaped  cakes,  estterntdly  brown,  intei-nally  more  yellow-coloured. 
Gambir  is  a  variety  of  eutch  prepared  in  Simiatra,  Singapore,  and  Malacc4i,  and 
especially  in  the  Island  of  Riouw,  from  tlie  leaves  and  stems  of  the  Uncaria  Qainbir, 
The  drj"  extract  occurs  in  commerce  in  small  cubical  blocks,  wliich  are  light,  of  a 
cininuuou -colour,  and  very  friable,  the  fracture  being  earthy.  All  these  snbstances 
contftiti  about  40  to  50  per  cent  of  a  peculiar  kind  of  tanmc  acid  or  catechu- tannic 
acid,  the  tbrmula  of  wliich,  according  to  J,  Lowe,  is  Cj3H,406,  as  well  as  a  peculiar 
acid,  catechu  tic  acid,  C16H14O6,  not  of  much  use  in  the  tanning  process, 

luiid.  ThiH  drug  is  very  similar  to  catechu,  and  is  said  to  be  tlio  extract  prepared 
from  various  plants,  viz,  t — 

African  kino  from    ...  Pttrocarpus  ennaeeui^ 

East  Imhan  kino  from    ...     - ...  Pterocarpus  Martupium, 

East  Indian  kino,  accordiJig  to  others,  from  Butea  frondosa. 

West  Indian  kino  from ., Coccohiha  uvifera, 

Australian  kino  from      Eucahjptus  rfsinifora. 

Kino  is  met  with  in  small,  angular,  brittle,  brown-red  to  black-coloured  masses, 
n*e  powder  of  wliich  is  lilways  brown-red.  It  is  soluble  in  hot  water  and  alcohol, 
yielding  a  blood -red  solution  of  an  astringent  and  sweet  taste.  Kino  contains  from 
50  to  40  per  cent  of  a  tannic  acid  shnilar  to  that  contained  in  eutch ;  both  of  these 
materials  are  especially  useful  in  so-called  quick  tanning. 

*^ihrT»^!li*jf*tlJlX'''  '^^^^  xtilne  of  all  the  tanning  materials  entirely  depends  upon 
the  quantity  of  tannic  acid  Ihcy  contain.  The  latter  is  soluble  in  water,  and  more  or 
less  completely  precipitated  from  that  solulioo  by  various  reagents,  sudi  as  glue  and 
animal  skin,  acetate  of  copper,  acetate  of  oxide  of  iron,  cinchonine  and  quinine, 
while  a  solution  of  permanganate  of  potjish  completely  destroys  the  Uinnic  acid. 
Upon  tliese  properties  the  following  properties  have  been  based  for  tlio  approximative 
estimation  of  tlie  quantity  of  tannic  acid  present  in  various  tanniag  materials : — 

I,  Precipitation  by  glue  or  skin: — 

a.  Weighing  of  the  skin  before  and  after  immersion  in  the  liquor  containing 

tannin,  the  inerLase  of  weight  giving  the  c|uantity  of  tannic  acid. — (Davyj. 
h,  Precipitnlioo  with  gf Inline  solution  of  known  strength. — <FEtrLiNoi. 
c.  Titration  by  means  of  nn  ainminated  solution  of  glue.— iG.  MuLi.irR), 
(/.  First  detcmiine  the  specific  giimty  of  the  tannin  solution  by  means  of  an 

areometer,  next  remove  the  tannin  by  akin,  and  then  again  take  spedfiO 

gravity  of  liquid,  the  decrease  being  proportionate  to  the  quantity  of  taniun 

in  the  origimil  liquor. — (C.  Hammerk 
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2.  Precipitation  of  tannin  by  acetate  of  copper,  and  estimation  of  the  relatioii 
between  tannin  and  oxide  of  copper  in  the  precipitate : — 

a.  Volumetrically. — (H.  Fleck)  ;  or 

b.  By  the  grayimetrical  method. — (E.  Wolff). 

3.  Volnmetrical  estimation  of  tannin  by  acetate  of  iron. — (K.  Handtke). 

4.  Oxidation  of  tannic  acid  by  permanganate  of  potash. — (Lowenthal). 

5.  'Precipitation  of  tannin  by  means  of  cinchonin,  the  solution  of  which  is  tinged 
red  by  means  of  fuchsin.  i  grm.  of  quercitannic  acid  requires  07315  gnn. 
cinchonine,  equal  to  4*523  grms.  of  crystallised  neutral  sulphate  of  cinchonin. — 
(R.  Waoneb). 

TiM  skini.  The  skins  of  almost  all  quadrupeds  might  be  converted  into  leather  by 
tanning ;  but  the  tanner  chiefly  prepares  his  leather  fron^  the  hides  of  cattle,  occasion- 
aUy  from  the  hides  of  horses  and  asses  as  well  as  of  pigs.  The  quality  of  the 
hides  not  only  depends  upon  the  kind  of  animal,  but  also  upon  its  fodder  and  mode 
of  living,  The  hides  of  wild  cattle  yield  a  more  compact  and  stronger  leather  than 
the  hides  of  our  domesticated  beasts ;  among  these  the  stall-fed  have  better  hides 
than  the  meadow-fed  or  grazing  cattle.  The  thickness  of  the  hide  varies  consider- 
ably on  different  parts  of  the  body,  the  thickest  part  being  near  the  head  and  the 
middle  of  the  back,  while  at  the  belly  the  hide  is  thinnest.  These  differences  are 
less  conspicuous  in  sheep,  goats,  and  calves.  As  regards  sheep  it  would  appear  that 
their  skin  is  generally  thinnest  where  their  wool  is  longest. 

The  hides  of  bulls  and  oxen  yield  the  best  and  stoutest  leather  for  soles.  In  the 
raw — untanned — state,  and  with  the  hair  still  on,  the  hides  are  termed  **  green  "  or 
"  fresh."  Fresh  or  green  hides  are  supplied  to  the  tanners  by  the  butchers,  or  are 
imported  either  dry  or  salted.  A  hide  weighing  in  fresh  state  from  25  to  30  kilos, 
loses'by  diying  more  than  half  its  weight.  South  America  (Bahia,  Buenos  Ayres,  &c.) 
exports  a  large  quantity  of  hides,  both  dry  as  well  as  salted  and  cured  by  smoking. 
The  hides  of  cows  yield  generally  an  inferior  grained  leather ;  but  South  American 
cow  hides  may  be  worked  for  light  sole  leather.  Calves'  hides,  again,  are  thinner, 
but  when  well  tanned,  curried,  and  dressed,  yield  a  very  soft  and  supple  upper 
leather  for  boots  and  shoes.  Horse  hides  are  only  tanned  for  saddlery  purposes, 
while  sheep-  and  goat-skins  and  the  skins  of  lambs  are  tanned — or  more  generaUy 
tawed — for  the  purpose  of  making  wash-leather,  maraquin,  glove-leather,  book- 
binders'-leather.    Pigs'  hides  and  seals'  skins  are  tanned  for  saddlery  purposes. 

The  8«Tmi  Opmiions.  The  Several  operations  of  the  oak  bark  tanning  process  may  be 
reduced  to  three,  viz. : — ^A.  The  cleansing  and  dressing  of  the  hide  on  the  hair  and 
flesh  side ;  in  other  terms,  the  separation  of  the  corium  from  the  other  integuments. 
B.  The  true  tanning.  C.  The  currying  and  dressing  operation,  by  which  the 
tanned  hide  becomes  a  saleable  article.  These  three  operations  are  again  subdivided 
as  follows  :— 

A.  The  cleansing  of  the  hide : — 

1.  Steeping  and  macerating  the  liide* 

2.  Dressing  the  flesh  side. 

3.  Dressing  the  hair  side. 

4.  The  swelling  of  the  cleansed  hide. 

B.  The  tanning  of  the  cleansed  hide,  performed  either  by  placing  it  in  tanks  m 
pits  with  oak  bark  and  water,  or  in  a  liquor  of  these  previously  prepared,  or  hy  ihe 
so-called  quick  method. 
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C.  Tlie  dressing  and  currying  of  tlie  tanned  hides,  by  wliicli  ie  understood  all  the 
operations  wMeh  tend  to  improve  tlie  compactness  of  tesLtnre,  or  give  a  better  grain 
and  better  appearance  to  Uve  leather,  togetlier  with  softness,  toughness,  suppleness 
and  colour. 

cjftimdns tha HidM.  A.  Tlils  Operation  includes: — r.  The  steeping  or  macerating  of 
the  hide  in  water  for  the  purpose  of  rendering  tlie  texture  uniformly  soft  «nd  so 
supple  that  it  may  be  bent  without  danger  of  cracking,  while,  on  the  other  hand^  this 
steeping  also  effects  a  cleansing  of  tlio  hide  by  removing  from  it  blood  and  dirt.  The 
fresh  hides  of  recently  slaughtered  anim^k  require  a  maceration  in  water  for  some 
two  or  three  days,  but  dried,  cured,  or  salted  liidea  have  to  be  left  macerating  for  some 
eight  to  ten  days,  Tliia  operation  shouhl,  if  possible,  be  carried  on  in  a  stream  of 
water;  but  if  Uiere  is  no  convenience,  then  the  hides  are  placed  in  large  tanks;  in 
either  case  the  hides  are  taken  out  twico  dnily  tind  put  back  into  the  water  again. 

cuMuuinir  of ih«  riMti  8iJ«.  When  the  hides  have  become  quite  soft^  they  are — 
*2)  cleansed  or  dressed  on  the  flesh  side  by  being  placed  witli  the  hair  side  down- 
wards on  a  "  tree,**  a  stout  semi-circular  plank,  one  end  of  which  is  placed  on  the 
ground  while  the  other  is  supported  by  a  trestle,  so  that  tlie  plank  is  in  a  sloping 
position.  The  workman  lins  a  sti-called  dressing-knife,  a  tool  to  wliich  handles  ai-e 
fastened,  and  which  is  bent  so  as  to  form  a  sliglit  curve  ;  with  this  knife  he  shaves^ 
or,  as  it  were,  planes  off,  frortx  the  hide  all  fatly  tissue  and  inleguments  which  (a**j 
situated  between  the  hide  aud  the  muscles.  At  tlie  same  time  tlie  water  is  squeezed 
out  of  the  liide  to  some  extent. 

After  a  preliminary  or  first  dressing,  the  hides  are  again  placed  for  twenty-four 
hours  in  water;  tlie  dressing  aud  planing  is  then  quite  Imished,  and  the  liides 
having  been  well  viashud,  are  left  to  drain  on  the  tree  ready  for  removing  tlie  hiur. 
In  some  instances  the  hides  an;  wtitihed  by  the  aid  of  *'  posaing-sticks/'  and  *'  fulled  " 
by  means  of  macliiuery.  by  wliich  tlie  operation  is  greatly  shortened,  so  much  so, 
that  two  to  tliree  days  suffice,  instead  of,  as  ts  usual  by  the  aid  of  manual  labour, 
eight  to  ten  days, 
ctnutmc  t^ H«ir  «id«.  3,  This  Operation  aims  at  the  removal  from  the  corium  of  tlie 
epidearmis  and  hair- containing  integuraents.  As  the  hair  and  integument^s  connected 
therewith  are  very  firmly  attached  to  the  corium,  the  removal  can  only  l>e  safely 
proceeded  with,  so  tls  to  leave  tiie  corium  uninjured,  by  the  emplojTuent  of  d 
menstruum  whicli  more  or  less  dissolves  aud  causes  tlie  epidermis  to  swell  up.  For 
this  purpose  the  hides  are  usually  placed  in  lime-pits,  the  eifect  of  the  lime  being  tlie 
partial  dissociation  (in  an  anatomical  sensed  of  the  epidermis,  so  that  it  and  tlio 
hairs  may  bo  reodOj  removed  by  mechanical  means- 

The  effect  is  usually  obtained  by — a.  Sweating ;  h.  Liming ;  v.  Application  of 
rusma  or  compounds  of  sulphurct  of  raUnuin, 

(I.  A  semi -putrefactive  fermentation  called  sweating  is  ein[iloyt.4  in  the  cose  of 
thick  hides,  such  as  serve  for  sole  leather,  wliich  are  not  placed  in  lime  owing  to  the 
fact  that  it  cannot  be  completely  removed,  and  would  render  tlie  leather  brittle. 
The  operation  of  sweating  cousista  in  placing  the  hides  one  upon  tlio  oUtcr,  the  llesJi 
side  turned  inward,  some  salt  or  crude  wood  vinegar  having  buen  first  rubbed  in,  in 
a  tank,  or  box.  which  can  be  closed  m  that  tJie  heat  generatud  by  tho  fermentation 
wliich  sots  in  may  be  confined  as  much  as  possiblo  to  aid  the  action.  As  soon  as  the 
evolution  of  ammonia  is  perceptible,  tho  hides  are  ready  for  the  removal  of  the  hair. 
which  is  shaved  off.  together  with  the  epidermis,  by  the  aid  of  the  dresaing-knifo. 
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Instead  of  causing  the  sweating  to  be  done  by  fermentation,  the  hides  are  sometimes 
hung  on  laths  in  rooms  either  heated  by  means  of  steam  or  by  fire.  A  temperature 
of  30°  to  50*  should  be  kept  up,  together  with  a  good  current  of  steam,  by  which  the 
epidermis  is  thoroughly  softened.  In  order  to  prevent  any  injury  to  the  corium,  the 
hides  are  sometimes  submitted  to  what  may  be  termed  a  cold  sweating  process, 
consisting  essentially  in  placing  the  hides  in  water-tight  tanks,  in  which  there  is  a 
constant  current  of  fresh  water,  the  temperature  being  kept  at  6**  to  12*".  The  hides 
thus  submitted  to  a  constantly  moist  atmosphere  become,  after  six  to  twelve  days, 
without  any  perceptible  putrefaction,  fitted  for  the  removal  of  the  epidermis  and  hair. 

b.  The  liming  of  the  hides  not  only  prepares  them  for  the  removal  of  the  hair,  but 
also  saponifies  the  fatty  matter ;  and  tliough  the  lime  soap  thus  formed  is  insoluble  in 
water,  it  is  removed  by  subsequent  mechanical  and  chemical  operations.  The 
operation  of  liming  is  carried  on  in  pits,  into  which,  along  with  milk  of  lime,  the 
hides  are  placed  so  as  to  be  quite  covered.  Usually  several  (three  to  five)  pits  are  in 
use  at  once,  each  of  which  contains  a  different  quantity  of  lime.  That  the  milk  ot 
lime  should  be  frequently  stirred  in  these  pits  is  of  course  evident.  The  hides 
remain  in  the  lime-pits  for  three  to  four  weeks. 

c.  The  very  tliin  skins  of  tlie  smaller  animals  will  neither  sustain  sweating  nor 
liming  and  are  therefore  treated  with  rusma,  a  salve-like  mixture  of  orpiment, 
I  part  with  2  to  3  parts  of  slaked  lime.  By  the  rubbing  in  of  this  mixture  on  the 
hair  side  of  the  skins,  the  hairs  are  so  softened  as  to  make  their  removal  an  easy 
matter.  Bottger  states  that  hydrosulphuret  of  calcium  has  the  same  effect ;  hence 
the  lime  of  the  purifiers  of  the  gas-works  has  been  of  late  years  frequently  eiftployed 
for  treating  hides  as  well  as  skins,  with  the  additional  advantage  of  yielding  a  better 
leather. 

stripping  off  the  Hau  As  800U  as  the  hidcs  are  sufficiently  prepared  to  admit  of  the 
removal  of  the  hair  and  epidermis,  they  are  stretched  out  on  the  tree  and  the  integu- 
ments peeled  off  by  the  aid  of  the  blunt  dressing-knife.  In  order  to  give  to  the 
dressing-knife  a  better  giip,  the  workman  strews  some  fine  sand  on  the  hide,  and  if 
he  has  to  deal  with  very  heavy  and  thick  hides,  uses  a  large  and  rather  sharp  knife. 
When  the  hair  and  the  epidermis  have  been  removed,  the  hides  are  again  washed  and 
macerated  in  water,  and  after  this  dressed ;  that  is  to  say,  reduced  as  much  as 
possible  to  an  equal  thickness,  while  the  waste — tail,  leg,  and  head  pieces — are  cut 
off  and  the  hide  planed,  thereby  losing  some  10  to  12  per  cent  in  weight. 

Swelling  tiM  mdM.  The  aim  of  this  operation  is  to  remove  the  lime,  and  also  to 
render  the  corium  more  capable  of  readily  absorbing  the  tan  materials.  This  end  is 
attained  by  placing  the  hides  in  a  so-called  sour  bath,  made  of  refuse  malt  and 
bran,  which  by  acid  fermentation  yields  as  active  principles  propionic,  lactic,  and 
butyric  acids. 

The  lime  is  removed  from  the  dressed  hides  when  placed  in  this  acid  liquid,  and 
the  lime-soap  present  becoming  decomposed,  the  fatty  acids  thus  set  free  float  on  the 
surface  of  the  liquid.  The  soluble  lime  salts  are  completely  removed  from  the 
liides  by  a  subsequent  thorough  washing  with  water.  The  thickness  of  the  hides  is 
doubled  by  the  swelling  action  of  the  acid  liquid,  aided  by  the  mechanical  action  of 
the  carbonic  acid  evolved  from  the  carbonate  of  lime  deposited  within  the  fibres  of 
the  hides ;  while  the  butyric  acid  fermentation  distends  the  fibres  of  the  hides  by  the 
gases  thereby  evolved.  When  the  hides  have  not  been  treated  with  lime  but  have 
been  submitted  to  a  "  sweating,"  they  do  not  require  the  acid   bath,  but  are 
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Yet  the  aottr  bath  i» 


Bimplj  placed  in  waiet  for  tlie  purpose  of  sweUmg  them, 
preferable  owing  to  its  more  regular  action* 

Instead  of  using  the  preceding  mixture  for  the  purposes  of  removing  the  lime  and 
of  swelling  the  hides,  they  are  often  placed  in  acid  tan  hquor  (red  tan  liquor),  tiiat  is 
to  say*  a  liquor  cuoULuing  exhausted  oak  hark  solution  which  has  served  for 
tanning;  this  liquor  appears  to  contain  also  large  quantities  of  lactic  and  butyric 
acids*  The  dressed  liides  are  first  placed  in  a  diluted  red  liquor  and  then  in  a 
stronger  Hquor,  this  operation  taking  some  12  to  14  days.  Macbride  and  Seguiii 
have  proposed  to  substitute  very  dilute  sulphuric  acid  (i  in  i50o)»  but  although  by 
the  use  of  this  acid  the  operation  of  svvelUng  is  rendered  far  more  rapid,  the  quality 
of  the  leather  is  impaired.  Phoi>phates  and  animal  excreta  which  contain  a 
large  quantity  of  uric  acid,  such  us  that  of  dogs  and  of  pigeons,  have  been,  and  in 
many  cases  are  still,  used  for  the  purpose  of  swelling  hides,  especially  skins  of  eheep, 
calves,  and  goats. 

TiiATuminf.  B,  The  moiti  object  of  the  operations  just  described  is  Jirst  to  obtain 
the  corium  as  much  as  possible  separated  from  the  other  integuments  and  textures 
belonging  to  the  skin,  and  next  to  render  the  conum  as  much  as  possible  permeable 
by  the  liquor  in  which  tlie  tannin -containing  vegetable  nnitler  is  dissolved.  In 
practice  it  is  taken  for  granted  that  a  dry  hide  gains  one  third  in  weight  by  being 
converted  into  leather,  consequently  it  absorbs  t!mt  quantity  of  tannin. 

The  impregnation  of  the  fibres  of  llie  hide  or  skin  witli  tannin  is  effected  by  two 
different  methods,  viz.; — 

1,  By  placing  the  hides  between  layers  of  oak  bark  chips  in  a  tank,  fio*called 
tanning  in  tlie  bark  ;  or 

2.  By  immersing  the  hides,  first  in  a  dilute,  and  again  in  a  concentrated  aqueous 
infusion  of  oak  bark. 

Tui&inK la um  OATk.  I.  Tliis  modc  of  tauuing  i.s  at  the  present  time  confined  to  heavy 
hides  intended  for  sole  leather.  The  tanks  in  wliich  tliis  operation  is  carried  on  are 
made  of  wood,  either  oak  or  fir,  are  of  course  watertight,  and  are  usually  sunk  into 
the  soil.  Brick  cisterns  hned  with  cement  are  occasionally  used,  but  are  objec- 
tionable,  at  least  when  recenUy  buOt,  uu  account  of  the  deterioniting  action  of  the 
lime  and  cement  upon  t!ie  oak  bark.  In  some  parts  of  Germany  tanks  constructed 
of  slabs  of  slate  or  sandstone  are  used.  Each  tank  has  sufficient  capacity  to  contain 
50  to  60  iildes.  On  the  bottom  of  tlie  tank  is  first  placed  a  layer  of  exliausted  (spout) 
ton,  and  upon  this  a  layer  of  some  3  centimetres  in  thickness  of  fresh  bark,  then  a 
hide  wiOi  the  hair  side  downwards,  again  a  layer  of  fresh  oak  bark,  and  again  a  hide, 
alternately  until  the  tank  is  nearly  filled,  care  being  taken  to  put  some  more  bark  on 
tlic  tiiickest  part  of  tlie  hides,  and  to  fill  not  only  all  interstices  with  bark,  but  to  put 
on  the  top  a  layer  of  some  30  centimetres  thickness  of  spent  tan.  Water  is 
next  poured  into  the  tank  until  it  stands  a  few  centimetres  above  the  topmost  hide : 
this  having  been  done,  a  Hd — in  England  loose  planks — is  jdaeed  on  the  tank, 
the  contents  of  which  are  left  undisturbed  for  some  time.  Wlien  Valonia  flour 
is  employed  with  tiie  oak  bark  only  half  i]je  quantity  of  the  latter  is  necessary. 

The  hides  are  left  in  *'  the  first  bark"  for  8  to  10  weeks,  the  period  being  a  little 
shortened  if  Valonia  flour  is  also  used.  Hef<jre  all  Oie  tanniu  !ms  betm  absorbed,  and 
Bfl  a  consequence  the  formation  of  volatile  and  odorous  acids  (voierianic,  butyric, 
has  commenced,  tlie  hides  are  transferred  to  anotlier  tanlc  and  again  placed  bctw«e 
ftltemate  layers  of  fresh  bark,  the  only  difference  in  the  arrangement  being  tliat  1 
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hides  which  were  first  placed  on  the  top  are  now  laid  at  the  bottom  of  the  tank. 
The  hides  are  now  left  for  three  to  four  months,  so  as  to  thoroughly  absorb  the 
tannin.  They  are  next  placed  for  some  four  to  five  months  in  anotiier  tank  which 
contains  less  bark.  In  the  case  of  very  heavy  and  thick  hides  the  process  is 
repeated  four  or  even  five  and  six  times.  The  quantity  of  bark  required  for 
obtaining  thoroughly  well-tanned  leather  depends  partly  on  the  quality  of  the  bark, 
and  somewhat  on  the  condition  of  the  hides.  Usually  the  tanners  reckon  that  the 
quantity  of  bark  required  amounts  to  four  to  six  times  the  weight  of  the  dry  hides ; 
and  taking  the  weight  of  these  at  an  average  of  20  kilos. — 

For  the  first  tank  there  will  be  required  40  kilos,  of  bark. 
„      second  „        „        „  35  „ 

„      third  „        „        „  30  „ 

105  kilos,  of  bark. 

A  dried  and  well-tanned  hide  weighs  about  22  kilos.,  or  10  to  12  percent  more  than 
the  dry  raw  hide.  A  thoroughly  tanned  hide  exhibits  when  cut  with  a  sharp  knife  a 
uniform  texture  free  from  fleshy  or  homy  portions,  wliile  the  grain  on  the  hair  side 
should  not  on  being  bent  slowly  exhibit  signs  of  cracking. 

Tannine  in  Liquor.  2.  The  thinner  hidcs,  and  indeed  most  skins  (when  tanned,  as 
distinguished  from  tawing),  are  placed  in  infusions  of  the  tannin-containing  material. 
There  are  various  methods  in  use  for  this  operation,  which  is  based  mainly  upon  a 
thorough  uniform  ^welling  of  the  hides,  so  that  when  these  are  placed  in  weak 
liquors  the  tannin  may  penetrate  readily  and  uniformly.  The  hides  are,  in  fact,  very 
gradually  tanned.  When  tanen  from  a  liquor  the  fluid  is  forced  by  mechanical 
means  out  of  the  hides  before  they  are  placed  in  a  stronger  liquor,  this  liquor 
being  obtained  by  exhausting  the  tanning  materials  by  the  aid  of  cold  water.  The 
thinner  kinds  of  hides  are  thoroughly  tanned  in  seven  to  eight,  the  heavier  hides  in 
eleven  to  thirteen  weeks. 

Quick  TannioR.  Many  mcthods — some  quite  impracticable  and  most  of  them 
thoroughly  irrational — have  been  proposed  for  converting  hides  into  leather  in  a  very 
short  time.  Of  these  diflerent  methods  we  briefly  mention  the  following : — i.  The 
hide  is  simply  placed  in  an  infusion  of  the  tannin-contAining  material — Macbride's 
process,  improved  by  Seguin  (1792).  Application  of  hydrostatic  pressure  to  force  the 
liquor  through  the  hides,  kept  from  contact  with  each  otlicr  by  a  stout  woollen 
tissue.  2.  Circulation  of  the  tannin-containing  fluid,  several  tanks  being  connected 
together  by  means  of  pipes,  and  the  liquor  being  forced  through  the  tanks  by  means 
of  pumps  (Ogereau,  Sterlingue,  and  Tumbull's  methods.  3.  The  hides  are  sewn 
together  so  as  to  form  sacks,  which  are  filled  with  oak  bark  chips  and  water  and  then 
placed  in  an  aqueous  solution  of  cutch,  to  which,  in  order  to  increase  its  specific 
•gravity,  coarse  molasses  is  added — Tumbull's  method  by  increased  endosmose. 
At  the  time  this  mode  of  proceeding  was  brought  forward,  the  difiiision  of  liquids 
by  dialysis  (discovered  by  Graham  in  1861)  was  unknown.  4.  Motion  of  the 
hides  in  the  tannin-containing  liquids,  the  hides  being  placed  in  a  cylinder 
constracted  of  wooden  laths  so  as  to  leave  open  spaces  between  them.  This 
cylinder  is  immersed  horizontally  in  the  liquid  to  a  greater  or  less  depth,  so  that  in 
every  revolution  the  hides  are  alternately  in  and  out  of  the  liquid— Brown,  Squire, 
and  C.  Knoderer's  methods.    5.  Application  of  mechanical  pressure  to  the  hides. 
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which  having  been  from  time  to  time  removed  from  the  UnniJig  tanks,  are  placed 
upon  perforated  planks,  aiid  either  pressed  luider  a  beA\7  roller  or  are  placed  in  n 
press— Jones,  Nossit«r,  Cox,  and  HerapatJi's  mctlio<l.  6,  Application  of  hydrostatic 
pressure  for  the  purpose  of  causing  thti  tan-Hquor  to  penetrate  the  hides,  Tvhich  ai'e 
bCWTi  togetlxer  so  as  to  form  bags,  which  having  been  filled  with  oak  hark  liquor,  ore 
placed  in  suitably  constructed  vessels,  so  tliat  hydraulic  pressure  may  be  applied 
tt'ithout  fear  of  bursting  the  bags ;  or  the  hides  are  fastened  by  means  of  screws  and 
bolts,  placed  in  a  framework  which  is  immersed  in  a  well -constructed  clslem  filled 
with  tau-hqunr,  hydraulic  pressure  being  applied— Drake,  Chaplin»  aiu  fiiautelet^s 
methods.  7.  Snyder  s  method  of  punctation,  consisting  in  perforating  iuo  li5de  over 
its  whole  surface,  the  punctation  being  effected  by  sharp  needles,  so  as  ;*i  ct^nstitute 
artificial  pores.  The  experiments  of  Knapp  have  proved  the  thorough  irrationality 
of  this  plan»  it  having  been  found  tliat  the  liide  is  so  permeable  to  tonnin-liquor  tlial 
a  piece  of  calf-skin  wJien  placed  in  a  solution  of  tannin  of  the  consistency  of  syrup 
is  thoTOtrghly  well  tanned  in  about  an  hour's  time.  8.  Apphcation  of  a  vacuum 
hy  placing  the  hides  in  a  vessel  from  which  tlie  air  may  be  withdrawn  by  the  aid  oi 
air-pumps  i  tan -liquor  having  been  forced  into  the  vessel,  the  air  is  re-admitted  and 
fkgaiti  withdrawn — Knmvly  and  Knewsbury's  plan.  Knoderer  bos  rec^?nt]y  found 
tluit  by  a  judicious  comljinatioii  of  the  vacuum  mcUtod.  followed  by  motion  and 
fulling  of  the  hides  in  llie  ttuidiquor,  the  operation  of  t mining  i^  much  shortened. 
The  reader  should  bear  in  mind  that  the  methods  liero  alluded  to  are  not  now 
in  general  use. 

'^"ThXifbl?^^"  ^Vhen  the  hides  have  been  converted  into  leather  by  tJi«T 
processes  described,  they  are  not  by  any  moans  Hi  for  use  nor  ready  for  sale  as 
a  fijiished  material,  but  require  to  be  dressed,  or,  as  it  is  technically  termed,  curried, 
an  operation  not  necessarily  performed  by  the  tanner — at  least,  never  so  in  England 
and  France.  The  several  operatiuna  are  not  similar  for  all  kinds  of  leather, 
but  depend  to  some  extent  upon  the  use  to  which  it  is  intended  to  be  put.  For 
instance,  sole  leather  is  submitted  simply  to  a  process  the  object  of  which  is 
to  render  it  sufficiently  stiff  and  compact,  so  as  not  to  alter  its  shape  by  wear. 

80U  LMtiker.  Tlie  dressing  or  cunynng  of  this  land  of  leather  consists  mainly  in  sub- 
mitting it  to  a  meehamcal  operadon  of  hammering,  by  which  the  material 
rendered  more  compact.  As  soon,  therefore,  as  the  hides  are  taken  from  tlie  tanii 
tanlkS,  the  adheinng  spent  tan  is  brushed  oif  with  a  broom,  after  which  the  hide 
is  dried  in  a  cool  place,  and  when  dry  laid  flat  upon  a  polished  atone  filab»  and  tljcn 
beaten  with  wooden  oi*  iron  hammers,  an  operation  in  largo  establishments  per- 
formed by  hammers  moved  by  macliinery. 

upimr  Lfl«ib«r.  The  dressing  of  this  kind  of  leather*  chiefly  used  by  aadkrB  and 
boot  and  shoe  nmkers,  is  a  far  more  complicated  process,  and  depends  in  a  great 
measure  on  the  use  for  which  the  leather  is  intended.    The  first  of  these  operHlions  is 

T»i*r«riiitf.  the  paling  or  whitening,  which  means,  the  cutting  away,  by  the  aid  1 
tanner's  shaving-knife,  of  all  portions  of  the  hide  whicli  are  too  thick,  so  tlu 
the  whole  liido  may  be  made  of  uniform  thickness.  This  operation  is  cajried 
on  upon  the  tanners  ** wooden  leg,"  the  hide  being  placed  witli  the  Ijoir-sida 
downwards.  When  goat,  lamb,  sheep,  or  calf-akina  are  to  be  pared,  tliey  ora 
placed  on  a  poHshed  slab  of  marble,  and  having  be<m  well  stretolied,  the  raw  or 
projecting  parts  ore  cut  off  witli  the  tanner  s  shaving-knife.    ' 
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Thoscmpiiij  or  Smoothing.  The  aim  of  this  operation  is  similar  to  that  of  tlie  former, 
and  more  particularly  is  employed  in  the  case  of  leather  intended  for  making  gloves. 
The  leather  is  first  dried  and  next  fixed  on  the  **  perching-stick,"  one  end  of  the  skin 
remaining  free,  the  other  being  taken  hold  of  by  the  operator  with  a  pair  of  forceps. 
The  skin  having  been  stretched,  the  perching-knife,  a  highly  polished  somewhat 
convex  steel  disc  of  18  to  30  centims.  diameter,  and  provided  in  the  centre  with  an 
opening  fitted  with  a  piece  of  leather  serving  as  a  handle,  is  brought  into  use, 
the  portions  of  the  skin  which  require  to  be  pared  oflf  being  usually  indicated  by 
being  rubbed  over  with  chalk. 

oraining  the  Leather.  As  in  conscqueuco  of  tlie  drying  of  the  leather  the  grain  has 
become  flat,  smooth,  and  unequal,  it  is  raised  by  an  operation  performed  by  means  of 
the  pommel,  also  termed  the  graining-  or  crimping-board,  a  piece  of  hard  wood 
30  centims.  in  length  by  10  to  12  centims.  breadth,  flat  and  smooth  on  the  top,  but  on 
the  opposite  side,  in  the  direction  of  the  length,  somewhat  curved,  so  that  it  is 
thickest  in  the  middle,  this  part  being  provided  with  parallel  notches,  which  are 
occasionally  sharpened  by  means  of  a  file ;  a  leatlier  strap  is  fastened  to  the  top  as  a 
handle.  The  leather  to  be  grained,  having  been  placed  on  the  dressing-table,  is 
fastened  to  the  edge  of  the  wooden  board  by  means  of  iron  clamps,  and  tliose  portions 
of  the  leather,  the  grain  of  which  has  to  be  raised,  having  been  somewhat  bent,  are 
rubbed  with  the  pommel  so  as  to  render  the  grain  uniformly  visible, 

PoUshiBg  with  Pumice-stone.  Sucli  Iduds  of  leather  as  require  no  grain  (for  instance,  the 
leather  used  in  carding  machines)  after  having  been  pared,  are  moistened  and  then 
rubbed  over  on  both  sides  with  pumice-stone,  being  thus  rendered  smooth ;  while 
leather  which  requires  a  higher  gloss,  such  as  the  coloured  leathers,  are  treated  with 

^t?iweT!f?f*cSSi^^  *  pommel  made  of  cork,  by  wliich  the  leather  is  caused  to 
assume  a  velvety  appearance.    Again,  if  a  still  higher  gloss  is  required,  the  leatlier 

*°°**^/[eSSSJ^"'*^'  is  first  smoothed,  or  rather  ironed,  with  iron  or  copper 
*'  sleekcrs,"  and  next  polished  with  glass  sleekers,  a  stout  cylindrical  piece  of  glass, 
0*3  metre  in  length  by  10  centims.  diameter,  the  leather  being  placed  on  a  tanner's 

Boiling,  wooden-leg.  Leather  intended  for  saddles,  in  order  to  impart  to  it  the 
appearance  natural  to  hog's  leather,  is  passed  through  rollers,  the  surfaces  of  which 
are  provided  with  blunt  points,  which,  being  forced  into  the  leatlier,  give  to  it  tlie 
desired  appearance. 

Finishing  Off.  In  Order  to  remove  from  the  leather  any  creases  and  otlier  inequalities 
of  surface,  it  is  damped,  and  tlicn  smoothed  with  a  flattening-iron,  or,  if  the  skins  are 
thin,  with  a  piece  of  horn  provided  with  blunt  teeth. 

Greasing.  When  the  upper  leather  is  required  to  be  very  supple  and  soft,  it  is 
greased  ;  that  is  to  say,  it  is  rubbed  with  a  mixture  of  fish-oil  and  tallow,  or  better, 
with  the  peculiarly  modified  fish-oil  which  has  been  used  in  "  chamoising,*'  having 
been  recovered  by  the  aid  of  a  solution  of  potash  from  the  chamois  leather  skins. 
The  hides  to  be  greased  are  first  moistened,  and  having  been  rubbed  witli  the  greasy 
matter,  are  dried  in  heated  rooms,  so  that  the  fatty  materials,  by  actually  combining 
witli  the  hides,  become,  as  it  were,  tanned  and  tawed  at  the  same  time.  The  greasing 
is  therefore  not  simply  an  operation  of  dressing,  but  in  reality  a  second  tanning 
(technically  tawing)  process. 

The  black  colour  usually  seen  on  the  surface  of  leather  require  fbr  saddlery  and 
boot-making  is  imparted  to  the  hides  by  rubbing  them  with  a  fresh  solution  of 
oak  bark  and  then  sponging  them  over  with  a  solution  of  copperas  to  which  some 
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blue  vitriol  has  been  added ;  the  hides  are  then  again  drosscd*  and  lastly  rubbed 
with  a  paste  made  of  fish  oil»  tallow,  laiiip-bhLck,  }  ullaw  wax,  soap,  and  copperas,  the 
olyect  of  tills  operation  being  to  protect  the  leather  from  tlie  injurious  effects  of  the 
aJioe-blaekinfij,  which  usually  contains  sulphuric  aeid.  (For  a  shoeblacking  without 
add  see  **  Chemical  News/' vol,  xxiv.,  p.  120).  Finally',  the  leather  is  painted  or 
brushed  over  with  a  mixe*!  tallow  and  glue  solution,  and  then,  having  been  polished 
again  with  glass*  is  ready  for  sale,  lu  order  to  keep  leather  supple  and  soft^  it  is  best 
to  rub  it  witli  a  mixture  of  fjsh-oil  and  lard.  • 

Yiifti,  auMU  Lefttbcr,       Under   the   name   of  yuft^   is  understood   a  peculiar  kind   of 
leather,  usually  of  a  red  or  black  colour,  which  is  very  water-tight  and  Btrong.     This 
kind  of  leather  used  to  be  made  exclusively  in  rtussia,  whence  it  is  obtained  in  large 
i|uantitT,  the  name  being  derived  from  the  Ttussian  Ju/ti,  signifying  a  pair»  and 
apparently  due  to  the  fact  that  in  tanning  the*  hides  are  sevrcd  together  in  pturs. 
The  hides  usually  prepared  for  Russia  leatlier  tire  tliose  of  young  calUisj  sometimes, 
liowever,  the  hides  of  horses  and  the  skins  of  sheep,  goats,  and  calves  are  employed. 
The  operations  for  preparing  yufti  are  : — i.  The  cleansing  of  the  hides,  performed  in 
the  usual  manner  with  lime.     2.  The  swelling  of  the  hides  in  an  acid-batli  prepared 
with  malt,  exliausted  tanliquor,  or  with  kaschka  (excreta  of  dogs  rubbed  np  with 
water).    3.  The  tanning,  not  performed  with  oak  bark,  but  with  the  barks  of  various 
kinds  of  willows,  iir  and  birch  bark  also  being  used.     The  dressed  hides  arc  first 
placed  for  some  days  in  partly  exhaosied  bark,  and  are  then  put  into  the  tanning 
tanks  -along  with  bark  (ns  above  described),  or  are  sometimes  placed  in  a  warm 
infusion  of  the  tannin-containing  materials.     The  tannin*?  continues  for  five  to  six 
weeks,     4.  The  tanned  hides  are  placed  on  the  planing- block  for  the  purpose  of 
draining,  and  are  next  imprei^rnated  with  (Ji'jfjHt  or  €t(t4.'herL  oil  cif  birch,  obtained  by 
a  process  of  dry  distillation  from  birch  wood.     This  oil  contains  creosote,  phenol  <of 
a  pecuhar  kind  nccordiag  to  Louginine),  and  paraffin.     It  is  rubbed  into  the  liidcs  OU 
the  flesh  side,  and  when  tlioroughly   impregnated  they   are  stretched  until  they 
become  soft  and  supple.     The  hides  are  next  rubbed  on  the  hair  side  with  a  solution 
of  alum,  and  then  grained  and  dried.     The  dry  hides  are  dyed  in  pairs,  sewn  together 
so  as  to  form  a  sack,  into  which  a  decoction  of  dye  material  is  poured.    Wiien 
a  red  colour  is  desired.  Uic  dye  is  prepared  from  sandal  wood,  there  being  adde 
to  the  former   lime-water,    to   the  latter  some  potash  or  soda.      In  more   recent' 
metliods  tlie  hides  are  dyed  by  being  brushed  over  five  or  six  times  w*ith  the  dye 
material.     The  dry  leather  is  finally  dressed  by  the  mechanical  operations  previously 
described.     The  use  of  yuft^   for  book- binding  and  other  purposes  ia  well  known. 
Owing  to  the  empyreumatic  oil  with  wliich  this  kind  of  leather  is  impregnated 
insects  do  not  att^ick  it. 

aioroeco  lather.  By  morocco  leatlier  is  understood  a  kind  of  leather  which,  when 
genuine,  is  obtained  from  goat  or  kid  skins,  is  veiy  soft,  elastic,  highly  coloured,  and 
not  lacquered.  We  distinguish  between  (jenuine  morocco  and  the  imitation 
obtained  by  the  splittiug  of  call,  sheep,  and  other  skins,  as  chiefly  employed  in  book- 
binding. 

The  preparing  of  morocco  leatlier  is  undoubtedly  one  of  the  many  industrial 
discoveries  of  the  Saracens ;  even  at  the  present  day  a  great  deal  of  morocco  icatlior 
is  made  by  their  descendants  in  Northern  Africa  and  in  the  Levant.     The  prepftr»-1 
tion  of  good  morocco  leatlier  requires  very  great  care,  and  especially  as  regards  tha  1 
preliminary*  operations.    The  skins  arc  deprived  of  the  hair  by  the  aid  of  lime  and  j 
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Bweating.  The  tanning  material  in  general  use  is  smnoc,  the  skins  being  sewn  up 
so  as  to  form  sacks  into  which  water  is  poured  together  with  pulverised  sumac ;  by 
this  mode  of  employing  the  tanning  matter  the  operation  is  finished  in  three  days. 
Calf  and  sheep  skin  are  very  generally  tanned  in  England  by  the  same  method. 
The  dyeing  of  morocco  leather  is  not  performed  in  the  Oriental  countries ;  the  dry 
tanned  skins  are  exported  under  the  name  of  Meschin  leather  {cuir  en  croutes)  to  be 
dyed  and  dressed  in  Europe. 

Dmcing  Morocco  Leathez.  The  skius  are  dyed  and  next  dressed.  The  dyeing  is  per- 
formed—  (a)  by  means  of  the  dye- vat  (for  genuine  morocco),  or  03)  with  the 
brush  (for  imitation  morocco),  a.  The  operation  of  dyeing  with  tlie  vat  is  performed 
in  a  small  trough  large  enough  to  hold  one  skin,  and  filled  with  dye-liquor  at  60** 
from  a  larger  tank.  The  workman  pours  in  no  more  of  the  dye  material  than  ean  be 
conveniently  absorbed  by  the  skin,  which  is  continually  moved  to  and  fro.  The 
dyed  skins  are  laid  out  flat,  and  from  two  to  four  dozen  placed  one  upon  the  other. 
The  dyeing  operation  is  repeated  several  (three  to  five)  times,  care  being  taken  to 
turn  the  heap  over  so  that  the  undermost  skin  is  placed  on  the  top  of  the  heap 
previous  to  beginning  the  dyeing  operation  again.  The  dyed  skins  are  washed  in 
water  and  next  dressed,  p.  The  imitation  morocco  is  dyed  by  the  dye-liquor  being 
uniformly  brushed  over  the  skins ;  these  having  been  first  stretched  on  a  table,  the 
dye-liquor  is  brushed  over  more  tlian  once  so  as  to  produce  a  uniform  hue.  The 
effect  of  the  dyeing  is  greatly  enhanced  by  the  dressing  of  the  skins  and  the  fine 
grain  given  to  them.  The  dyed  skins  are  first  rubbed  on  the  hair-side  with  linseed 
oil  applied  by  means  of  a  piece  of  flannel.  The  calendering  or  glazing  by  machinery 
is  the  next  operation,  after  which  the  peculiar  appearance  of  the  surface  is  imparted 
by  means  of  strong  pressure  or  so-called  platting.  Yellow  skins  are  not  glazed, 
because  their  colour  would  tliereby  become  a  brown.  The  aniline  colours  are  now 
largely  employed  in  dyeing  skins. 

cordwAin.  cordoTAn  LMtim.  This  differs  fi'om  morocco  only  by  being  prepared  fi*om 
heavy  skins,  and  by  retaining  its  natural  grain  or  not  being  platted.  It  is  usually 
met  with  dyed  red,  yellow,  or  black. 

LiMqacKd  Leather.  This  kind  of  leatlier,  now  largely  used  by  coach-builders  and  for 
making  shoes,  boots,  helmets  and  other  military  accoutrements,  is  an  invention  of 
the  present  time,  its  great  merit  being  its  property  of  resisting  water,  and  in  being 
supple  and  soft,  while  the  lacquer,  if  well  laid  on,  should  not  crack  nor  peel  off. 
Only  black  lacquered  leather  is  generally  met  with.  On  the  tanned,  rarely  tawed, 
liide,  which  has  not  been  greased,  is  very  uniformly  laid  a  varnish,  which  is  thick 
and  tough  while  cold  but  thinly  fluid  when  warm ;  this  having  been  done,  the  hide 
is  placed  in  a  briick-built  stove  kept  at  50°,  where  the  varnish  dries  after  having 
become  so  fluid  as  to  run  uniformly  over  the  surface  of  the  leather,  which  is  placed 
quite  horizontally.  The  coloured  lacquers  are  generally  more  thinly  fluid  and  are 
dried  at  a  lower  temperature.  The  hides  chiefly  used  for  lacquering  are  cow-hides ; 
or  a  thin  hide  is  obtained  by  splitting  thick  hides  and  lacquering  them. 

The  leather  in  use  by  pianoforte-makers  for  covering  the  hammers  is  prepared  by 
a  process  usually  kept  a  trade  secret.  This  kind  of  leather  requires  to  be  soft  and 
very  elastic.  All  that  is  known  about  tlie  process  of  preparing  this  material  is  that 
it  is  obtained  by  tanning  and  tawing  (chamoising)  combined  ;  the  hair  having  been 
removed,  but  not  the  epidermis,  the  hide  is  first  fulled  in  oil,  then  washed  in  ley, 
bleached  in  the  sun,  and  next  tanned  in  a  tepid  oak  bark  infusion.    Danish  leather 
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ia  prepared  by  tanning  sheep,  goat,  kid,  and  lamb  skins  with  willow  bark ;    sucli 
leather  being  ehiefly  used  for  gloves*    It  h  distmguiahed  by  its  strength,  siipplenes*,j 
iind  bright  colour. 


II.  Tawing, 

jfMrtojjjwjwgttott  of      ^ri^jg  mode  of   preparing  leather  is  based  npon  the  peculiar 
•dUon  of  the  salts  of  alumina  upon  skius,  not  bides  generally. 

Pour  modillcations  of  tawing  are  known,  viz, : — i.  Common  tawing,  Tliia 
operation  extends  only  to  thin  skins,  such  as  sheep  and  goat  skin,  kc,  which 
treated  only  with  alum  and  common  salt  without  tlie  application  of  oil  2.  Hting 
rian  tawing  process.  Heayier  hides  not  treated  with  lime  are  tawed  and  next" 
chamoiacd.  Klemm*s  method  of  preparing  fatty  leaOier  is  somewhat  similur  to  this 
treatment,  3,  The  French  or  Erlanger  tawing  method,  by  which  the  skins  are 
prepared  for  glove -leather.  4,  Tawing  by  the  aid  of  insoluble  soaps,  according  to 
Knapp's  suggestion. 

commoa  TAwiaf.  I,  Tbo  tuwer  obtiuns  sheep  sldnf  or  occasionally  goatskin,  either 
with  the  wool  off  or  "  in  tlie  wtwl,'*  as  the  term  runs,  in  the  latter  case  greater  care 
being  required,  because  the  value  of  the  wool,  wliich,  by  careful  working  may  be 
obtained  iu  good  condition,  refunds  a  considerabk'  portion  of  tlie  expense  of  tlie 
operation  Ity  its  sale.  The  various  opei-ations  of  tawing  are  in  a  certain  measure 
similar  to  those  of  tanning. 

The  steeping  and  planing  is  carried  on  as  in  the  tanning  process,  Tlie  workman 
places  ten  skina  on  tlie  planing-troe,  and  dresses  each  skin  with  the  dressing*knife  on 
the  hair  as  well  as  on  the  llesh  side ;  next  tlie  wool  or  hair  is  shaved  off  after  the  akins 
have  been  first  treated  witli  the  lime ;  but  when  **  in  the  wool "  tlie  skins  are  cleansed 
with  tliin  lime-water,  which  is  laid  on  llie  ilehh  side  of  tlic  skin  by  a  brusli  made  of 
cow's-hair,  bo  tliat  the  wool  is  not  brougiit  into  contact  with  lime.  The  wool  is 
removed,  not  by  a  planing-iron,  but  by  means  of  a  piece  of  wood  aomewliat  sharpened. 
The  wool  having  been  removed,  the  skins  arc  bi-ushed  over  witli  a  mixture  of  cquiil 
parts  of  lime  and  sifted  ashes;  next  the  head  and  leg  strips  of  the  skin  arcturned 
inside,  Each  skin  is  then  folded  together  and  beaten,  iu  order  to  prevent  the  wool 
being  touched  by  the  lime.  The  skins  are  left  in  this  condition  for  eight  to  ten  days 
until  the  wool  is  lo^Dsened,  The  skins  are  next  thoroughly  washed  on  the  flesh  side  as 
well  as  on  the  wool  side  in  order  to  remove  tlie  lime  and  dirt ;  this  having  been 
done  the  wool  is  partly  pullud  off  by  the  hands,  partly  removed  by  a  blunt  tooL 
The  skins  thus  deprived  of  wool  are  placed  in  the  limc'-pit  and  furtlicr  treated  as 
just  described.  In  order  to  remove  the  paste  adliering  to  the  skins  they  are,  on 
being  removed,  placed  in  a  tank,  where,  owing  to  tlie  quantity  of  animal  matter 
dissolved  in  the  water,  a  fermentation  has  arisen  accompanied  by  an  evolution 
of  ammonia.  By  the  action  of  tliis  allcali  a  large  portion  of  the  fatty  matter  coii- 
tained  in  the  skins  ia  removed.  After  being  taken  from  the  lime-pit  tlie  skins  are 
phiced  on  tlie  dresser's  block,  and  some  parts,  such  as  the  ears,  skin  of  tail,  portion 
of  top  part  of  chest,  cut  off  and  tiirown  aside  for  ihc  glue-boiler.  The  sldns  are  put 
over  night  to  souk  in  water,  and  then  again  placed  uii  the  dressing-block  iu  order  to 
be  planed  witli  a  bhmt  iron  on  both  aides  of  the  skin ;  this  operation  is  repeated 
afk'r  the  skins  have  been  placed  in  a  tank  containing  water,  and  while  there 
thoroughly  beaten  with  a  heavy  wooden  ** possing- stick  "  in  order  to  remove  lime. 
In  the  subsequent  planing  the  lime  and  lime-soap  are  forced  out,  and  any  wool  that 
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has  remained  shaved  off.  In  order  to  dissolve  the  last  traces  of  lime  the  skins  are 
l)laced  in  an  acid-tank  containing  bran  and  water,  in  wliich  by  fermentation  lactic 
and  acetic  acid  have  been  formed.  These  acids  convert  the  lime  of  the  skins  into 
soluble  salts,  while  the  process  causes  the  swelling  of  the  skins,  which  thus  become 
better  adapted  to  absorb  the  tanning  materials.  The  skins  remain  in  the  sour- tank 
for  two  to  three  days.  The  tanning  material  consists  for  i  dicker  (=  10  skins)  of 
an  alum  ley,  containing  075  kilo,  of  alum,  030  kilo,  of  common  salt  dissolved  in 
22*5  litres  of  boiling  water,  i  litre  of  this  liquid  is  poured  into  a  trough,  and 
having  become  tepid,  each  skin  is  separately  thoroughly  washed  with  and  soaked  in 
it,  and  then  put  aside  without  being  wrung  out,  the  skins  being  placed  one  upon  the 
other  so  as  to  form  a  heap.  After  lying  thus  for  two  or  three  days,  the  skins  are 
WTung  out  and  hung  up  to  dry  slowly  by  exposure  to  air. 

As  regards  the  theory  of  the  action  of  the  alum  ley  in  the  tawing  operation,  it  was 
formerly  believed  that  only  the  chloride  of  aluminium — ^formed  by  double  decompo- 
sition between  the  constituents  of  the  common  salt  and  the  sulphate  of  alumina  of 
the  alum  (the  alkaline  sulphates  being  considered  useless) — ^was  active,  and  that  a 
basic  cliloride  of  aluminium  (aluminium  oxychloride)  combined  with  the  skin, 
there  being  left  in  solution  hydrochlorate  of  alumina.  It  was  also  known  that 
acetate  of  alumina,  if  used  instead  of  alum  ley,  was  quite  as  active  and  yielded  excel- 
lent results.  The  experiments  made  by  Dr.  Knapp,  sen.,  with  alum,  acetate  of 
alumina,  and  chloride  of  aluminium,  have  proved  that  no  decomposition  ensues 
when  the  aluminium  salt  is  taken  np  by  the  skin,  the  quantity  taken  up  being  for  the 
undermentioned  salts  as  follows : — 

Of  alum       8*5  per  cent 

Of  sulphate  of  alumina     279    „      „ 

Of  chloride  of  aluminium 273    „      „ 

Of  acetate  of  alumina 233    „      „ 

The  alumina  salts  do  not,  however,  combine  with  skin  under  all  conditions  in  the 
same  quantity  as  just  mentioned,  as  experience  proves  that  the  skins  absorb  more 
when  placed  in  concentrated  than  when  in  dilute  solutions.  As  regards  the  part 
played  by  the  common  salt  in  the  preparation  of  tlie  ahim  ley,  tlie  salt  is  not  there 
simply  to  bring  about  the  conversion  of  the  alumina  sulphate  into  chloride  of 
aluminium  (recent  experiments  made  by  Knapp  in  1866  have  proved  that  by 
employing  i  atom  of  potash  alum  and  3  atoms  of  common  salt  =  37  per  cent,  no 
mutual  decomposition  ensues),  but  the  salt  is  in  this  process  active  by  itself,  partly 
aiding  dialytically  the  action  of  the  alum,  partly  owing  to  its  property — possessed 
also  by  alcohol — of  withdrawing  from  animal  tissues  the  water  they  contain  suffi- 
ciently to  prevent  the  fibres  to  become  glued  together  by  the  drying  of  the  substance, 
thus  promoting  the  formation  of  leather.  The  dry  and  tawed  skins  will  be  found  to 
have  become  shrunken  and  stiff,  having  lost  much  of  their  suppleness  and  flexibility. 
In  order  to  remedy  these  defects  the  skins  previously  damped  with  water  are  sub- 
mitted to  a  mechanical  operation,  being  placed  on  the  convex  side  of  a  curved  iron, 
and  stretched  by  being  drawn  between  this  fixed  iron  and  a  movable  steel  plate, 
which  is  fitted  closely  upon  the  other.  After  having  been  tlius  softened,  the  sMns 
are  stretched  on  a  frame  for  some  time  to  become  dry.  When  dry  they  are  ready  for 
sale,  the  leatlier  thus  obtained  being  largely  used  under  the  name  of  white-skins  for 
the  lining  of  boots  and  shoes. 
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flangftriaa  Tawiiii  ptoewi.  2.  Tliis  process  IS  distinguished  from  tlidi  just  described, 
iimsmuch  as  the  heavy  hides  of  oxen,  buffaloes,  cowa,  horses,  &c..  are  made  into 
leather  for  saddlery  and  other  purposes,  while  sometimes  also  the  skins  of  wild  bonra 
and  of  other  animals  ai'e  tlius  tawed  for  making  flail  strings.  The  raw  hides  are  first 
soaked  in  water  to  remove  bloc4  and  impurities.  Next  the  hair  is  shaved  off  by 
meuts  of  a  sharp  knife.  This  opc'ratioii  peribrmed,  tlie  hides  are  put  into  an  alum 
ley,  whicli  for  a  hide  weighing  25  kilos.,  consists  of  3  kHos.  of  alum,  3  of  common  salt, 
and  20  litres  of  hot  water,  Tliis  liquor  when  tepid  is  poured  into  an  elliptical  tub 
in  which  the  liide  is  placed. 

One  of  the  workmen  then  jumps  into  the  tub  and  by  moving  the  hide  about  witli 
Ms  feet  soaks  it  thorouglily  with  the  liquor,  in  which  it  is  then  left  for  at  least  eight 
days,  the  operation  of  treading  with  tho  feet  being  repeated.  The  hide  is  now  taken 
from  tlie  tub  and  himg  up  to  dry,  and  when  dry  is  stretched  and  **  fatted"  in  by 
the  following  method :— The  hide  is  warmed  by  being  held  over  a  charcoal  fire,  and 
when  warm  is  rubbed  on  the  hair  as  well  as  on  the  flesh  side  witli  molten  tallow,  of 
which  some  3  kilos,  are  used  for  every  hide.  When  thirty  hides  have  been  thus 
treated,  they  are  one  by  one  again  held  and  mo%"ed  to  and  fro  over  the  fire,  and  next 
hung  up  in  the  open  air  to  dry.     The  tallow  partly  combiues  ^'ith  the  hide. 

The  hides  tlius  prepared  arc  converted  into  a  leather  of  excellent  quality,  especially 
suited  for  the  harness  of  horses  and  saddlery  work  of  a  more  common  kindi  in 
wluch,  as  in  that  used  for  artillery  horses,  great  strength  is  required.  This  leather 
is  cheap  on  account  of  its  being  prepared  in  a  short  time. 

QiorT«  LcAibir,  3,  The  so  called  Erlanger,  or  French  tawing  pi-ocess,  is  employed 
only  for  (be  production  of  the  glac6,  or  kid  leather,  used  for  making  gloves  and  ball- 
room shoes.  The  hair  side  of  the  skins  intended  to  be  converted  into  this  leatlicr 
is  left  uncliangcd,  while  as  regards  wash-leather  gloves  which  are  treated  (lannedt 
with  fish  oil  the  hair  side  is  cut  oE  The  skins  intended  to  be  converted  into  kid 
leather  are  treated  with  extraordinary  care,  and  thus  acquire  in  a  very  higll 
degree  all  tlie  good  quuUty  of  alumtanned  (or  rather  tAwed)  leather.  As  thflB«^ 
skins  are  often  intended  to  remain  white  or  are  dyed  w^th  delicate  colours,  tJie 
greatest  care  is  taken  to  prevent  any  injury,  as,  for  instance,  contact  with  oak  wood 
or  with  iroo  while  wet. 

Two  hinds  of  skins  aro  employed  for  conversion,  into  tlio  better  varieties  of  i 
kid  leather ;  one  of  these,  the  more  expensive,  being  the  skins  of  young  goals,  \ 
fed  solely  with  milk,  die  oUier  being  lamb  skin.  Bach  of  these  skins  yields  on 
an  average  2  pairs  of  gloves.  The  leather  of  wliich  ladies  ballroom  shoes  are 
made  is  obtained  from  tlie  hides  of  yoimg  calves  (so-called  calf- kid).  The  preli- 
minary operations  of  preparing  this  leather  are  exactly  similar  to  those  already 
dt-*scribed  for  the  ordinary  white  leather ;  but  the  tawing  operations  ore  quite 
diiTerent,  the  skins  being  put  into  a  peculiar  mixture,  by  which  they  ore  not  only 
tawed,  but  simultaneously  impregnated  witli  a  suflicient  quantity  of  oil  to  render 
them  soft  and  give  suppleness.  The  mixture  consists  of  a  paste  composed  of  wheaten 
flour,  yolks  of  eggs,  alum,  common  salt,  and  water.  The  flour  by  tlie  gluten  it  con- 
tains aids  the  absorption  of  the  alumina  compound,  and  thus  assists  the  real  tawhag. 
Tho  starch  does  not  enter  into  the  composition  of  tho  skins,  while  the  yolk  of  1 
eggs  acts  by  the  oil  it  naturaOy  contains  in  the  state  of  emulsion,  tins  oil  giving  to 
the  kid  leather  tliat  suppleness  and  softness  which  is  so  much  esteemed  in  gloves.  It 
appears  that  emulsions  made  with  almond  oil  (the  so-called  sweet  oil  of  almonds— *'j 
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fixed  oil),  olive  oil,  fish  oil,  and  even  paraffin,  may  be  advantageously  substituted  for 
yolk  of  eggs.  The  skins  are  thoroughly  soaked  and  kneaded  in  this  mixture,  tc 
which,  in  France,  there  is  sometimes  added  2  to  3  per  cent  of  carbolic  acid  for  the 
purpose  of  preventing  the  too  strong  heating  of  the  skins  when  impregnated  with 
the  mixture  and  packed  in  heaps.  The  skins  are  next  stretched  by  hand  and  dried 
as  rapidly  as  possibly  by  exposure  to  air.  Having  been  damped,  a  dozen  of  the  skins 
are  placed  between  linen  cloths  and  trodden  upon  to  render  them  soft.  After  this 
they  are,  one  by  one,  planed,  dried,  and  again  planed.  Either  by  rubbing  with  a 
heavy  polished  glass  disc  or  by  the  appreteur,  simultaneously  with  the  application  of 
some  white  of  egg,  or  a  solution  of  gum,  or  of  fine  soap,  a  gloss  is  given  to  the  skins, 
the  hair  side  of  which  is  the  right  side  or  dyed  side.  The  dyes  are  applied  either  by 
immersion  or  by  brushing  over  the  leather ;  the  latter,  or  English  method  of  dyeing 
skins,  is  more  ordinarily  practised. 

According  to  Enapp's  researches  very  good  white  kid  leather  is  obtained  by  tawing 
the  epidermis  (bloss)  from  lamb  or  goat  skins  in  a  saturated  solution  of  stearic  acid 
in  alcohol.  ^The  leather  thus  obtained  is  very  soft,  has  a  whiter  colour  than  ordinary 
glac6  leather,  and  a  beautiful  gloss. 

Knapps Leather.  4.  The  preparation  of  leather  with  the  aid  of  insoluble  soaps, 
introduced  by  Knapp,  would  appear  to  have  become  of  some  importance.  The  pro- 
perty possessed  by  oxide  of  iron  of  acting  as  a  tanning  material  has  been  known  fox 
a  long  time,  and  in  1855  Mr.  Belford  took  out  a  patent  in  this  country  for  a  mineral 
tan  method,  in  which  oxide  of  iron  was  used;  but  good  leather  did  not  result 
The  hides  do  not  become  really  tanned  by  being  immersed  in  solutions  of  such 
metaUic  salts,  as  tliose  of  the  protoxide  and  peroxide  of  iron,  oxides  of  zino 
and  chromium :  for  though  the  acidity  of  these  solutions  is  reduced  to  a  TninimiiTn 
without  producing  a  permanent  precipitate,  and  thereby  the  deleterious  action  of  the 
acid  upon  the  fibres  of  the  hides  decreased,  and  though  a  certain  combination  of  the 
oxide  and  fibres  takes  place,  no  real  leather  is  formed  because  the  substance 
when  finished  is  not  fitted  for  contact  with  water,  for  then  the  so-called  tanning 
is  washed  out.  Knapp's  process  also  is  not  really  a  tanning  but  a  tawing  operation, 
by  which  the  skins  are  alternately  immersed  in  a  solution  containing  3  to  5  per  cent 
of  soft  soap,  and  then  in  a  saline  solution  of  oxide  of  iron,  or  of  chromium, 
containing  5  per  cent  of  the  salt,  from  wliich  an  insoluble  metallic  soap  is  precipi- 
tated  and  impregnated  with  the  fibres.  After  this  operation  has  been  several  times 
repeated  the  hides  or  skins  are  washed  in  water  and  dried.  Although  the  exterior 
colour  of  good  sound  leather  may  be  imitated,  the  real  qualities  of  leather  are 
wanting.  Knapp's  process  is  not  in  use  or  is  so  entirely  modified  by  substituting 
alum  for  metaUic  oxides  that  the  skins  are  tawed  by  a  combination  of  the  preceding 
tawing  processes  and  the  oil-tawing  process  now  to  be  described. 


m.  Samian  or  Oil-Tawing  Process, 

kTainiigProetM.  By  this  name  is  understood  a  peculiar  process  by  which  the 
skins  and  hides  of  various  animals,  such  as  harts,  deer,  sheep,  calves,  oxen  (for  the 
white  leather  for  military  use  as  belts,  &c.),  are  converted  into  so-called  oil-  or  wash- 
leather.  The  tanning  material  is  oil,  fat,  tallow,  or  fish  oil,  to  which  recently  there 
has  been  added  4  to  7  per  cent  of  carbolic  acid.     The  leather  thuF  obtained  is 
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chiefly  used  for  making  military  breeches,  socks,  vests,  gloves,  braces,  belts,  surgico] 
tipplications,  and  not  in  fmall  quantity  for  washing  glass  and  porcelain,  owinjj 
to  its  softness.  On  this  account  wash-leather  is  also  largely  used  by  gold  and  silver- 
smiths for  polishing  trinkets  with  rouge  (very  carefully  prepared  oxide  of  iron) »  The 
upper  or  exterior  layer  of  the  corium,  which  owing  to  its  greater  compactness  does 
not  possess  the  ductility  and  suppleness  of  the  lower  or  interior  layer,  is  in  llie 
skins  intended  to  be  converted  into  wash-leatlier  entirely  cut  away,  so  that  no  hair 
and  flesh  side  are  token  into  consideration.  The  cutting  away  of  this  layer  greatly 
promotes  the  absorption  of  Uie  oil,  which  by  the  joint  action  of  air  and  heat  yields  a 
product  which  is  a  dry  compound  of  hbro  and  oil,  in  which  tlic  latter  physically  has 
disappeared,  inasmuch  as  the  leather  is  not  impervious  to  water.  Wash-leather 
differs  in  this  respect  from  oil  or  fat  leather ;  still,  on  immersion  in  water,  the  skin  does 
not  glue  together  and  slu-ink.  Thin  skins,  such  as  those  of  goats  and  lambs,  are 
not  deprived  of  their  hair  side,  because  it  would  render  them  too  tliin  for  use. 

The  skins  intended  to  be  made  into  waslileather  are,  as  regards  tlie  first  stage  of 
the  operation,  treated  exactly  as  described  for  the  skins  treated  with  alum»  the  only 
dilference  being  tliat  the  hair  is  removed  together  witli  the  hair  side  portion  of  the 
skins,  which  are  next  placed  in  a  bran  batli  in  order  to  remove  the  lime.  After  this 
the  skins  are  stretched  and  conveyed  to  the  fulling  machine  in  order  to  become 
saturated  with  oil,  for  which  purposo  tlic  skins  are  lirst  laid  on  a  table  or  bench  and 
are  rubbed  with  od,  tlie  hair  side  being  placed  uppermost,  Tliis  having  been  done 
they  are  nmde  into  clouts  and  placed  under  the  stampers  of  a  machine  so  as  to 
thoroughly  impregnate  them  i^ith  oil.  From  time  to  time  the  skins  are  taken  from 
the  trough  and  exposed  to  the  air,  then  again  rubbed  with  oil  and  put  under  the 
stampers  until  enough  oil  has  been  absorbed.  By  the  repeated  exposure  to  oir 
die  skins  become  dry,  and  oil  itish  oil  is  chiefly  used)  absorbed  ;  the  exposure  to  air 
is  coutiiiued  until  the  surface  of  the  skins  appears  quite  dry.  When  the  sMns  have 
an  odour  somewhat  simikr  to  that  of  horse-radish,  and  have  lost  their  fleshy  cnlour, 
they  have  absorbed  a  sufficient  quantity  of  oil,  wliile  a  portion  of  the  oil  has  been 
somewhat  changed  aud  has  entered  into  combination  with  tlie  fibre,  another  portion 
only  mechanically  adliering  to  the  pores  of  the  skins.  The  next  operation  therefore 
aims  at  rendering  the  process  of  tlie  combination  of  tlie  oil  with  the  skins  more 
rapid  by  bringing  about  a  fermentation  attended  with  an  elevation  of  temperature; 
tliis  is  effected  by  placing  the  skins  in  a  warm  room,  heaping  them  togetlicr.  and 
covering  them  with  canvas  to  keep  in  the  heat  which  is  generated,  core  being  taki?n 
to  air  tlie  heap  from  time  to  time  in  order  to  prevent  overheating  and  consequent 
deterioration  of  the  sMus.  T!iis  operation  of  airing  the  skins  is  repeated  until  by 
tlie  spontaneous  heating  they  have  acquired  a  yellow  colour  and  the  workmen 
Icnow  by  experience  that  the  oxidatiun  of  tlie  oil  is  finished.  A  portion  of  the  oil 
testimated  at  about  50  per  cent  of  the  quantity  originally  eniployeili  is  left  in  the  skins 
in  uncombined  state,  and  is  removed  by  washing  with  a  tepid  solution  of  potash. 
From  tills  liquor  tliere  separates  on  being  left  at  rest  a  portion  of  fat  termed  d44jmi\ 
■jid  which,  as  already  mentioned,  is  employed  for  the  dressing  of  tanned  hides. 
The  sldns  having  been  tlius  deprived  of  the  excess  of  oil  are  wrung  out,  dried,  and  next 
dressed,  in  order  to  restore  to  them  tlieir  fioftness  and  suppleness  partly  lost  in  th« 
drying.  Cordovan  or  Turkey  leather,  is  oil-tawed  without  the  hair  side  having  been 
first  removed,  while  the  flesh  side  is  blackened  in  the  usual  way.  This  kind  of 
leather  is  chiefly  used  for  ladies'  boots  and  slices.    According  to  Knapp,  skins  from 
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which  the  hair  has  beta  first  removed  maybe  tawed  by  treating  them  altematolj 
with  a  solution  of  soap  and  dilute  acida,  bo  that  the  fatty  acids  are  precipitated  into 
the  fibre.  After  the  tamng  the  skins  thus  treated  should  bo  thoroughly  washed 
in  water  to  remove  all  acid.  As  regards  the  constitution  of  the  leather^  commonly 
known  as  wash-leather,  tawed  with  oil»  nothing  is  definitely  known*  but  it  would 
appear  that  this  procesa  of  tawiug  has  some  anidogy  to  the  process  of  imparting  oil 
to  cahco  intended  for  Turkey-red  dyeing. 

p&rehmeat.  The  substouce  knowu  as  parchment  is  not  really  leather,  because  its 
fibres  are  neitlier  tanned  nor  tawt'd,  as  proved  by  tlie  foot  that  boiling  water  readily 
converts  parchment  into  a  superior  kind  of  glue  similar  to  isinglass,  of  course  too 
expensive  for  joiners*  use.  Parchment  is  essentially  tlio  well-cleansed  and  carefully 
dried  sldns  of  hares^  rabbits,  and  especially  of  calves  and  sheep. 

Ordinary  parcliment  is  prepared  from  sheep  skins,  bat  the  variety  known  as 
vellum,  Vilin  or  Parchament  viir^je,  is  far  finer,  and  is  made  from  tlie  skins  of  young 
calves,  goats,  and  stillborn  lambs.  According  to  the  use  intended  to  lie  made 
of  parchment,  so  is  its  preparation  modiiied.  The  skins  are  first  soaked  in  water 
and  tlien  placed  in  tlie  lime -pits.  Sheep  skins  ore  cleansed  by  working  with  cream 
of  lime  in  order  to  preeerve  tlio  wool  When  the  lioir  has  been  removed  the  skins 
are  washed,  Ijeing  placed  on  the  dresser's  black,  and  usudly  also  planed  wiili 
a  sharp  loiife  to  remove  the  sui>erlluous  fleshy  ports.  This  having  been  done,  each 
skin  is  separately  stretched  in  a  frame,  in  a  manner  very  similar  to  that  in  use  for  so- 
called  Berlin-wool  work,  the  skins  being  held  in  position  by  means  of  strings,  and 
*lried  by  exposure  in  the  open  air.  Tai-clnnent  intended  for  drum  skins  (from 
caives*  skins),  for  kettledrums  (from  asses*  skins),  docs  not  req^uire  any  further 
operation.  If  intended  for  bookbinding  the  parchment  is  treated  as  described, 
but  after  drying  it  is  planed  with  a  tool  the  cutting  edge  of  which  is  somewhat 
beat  in  order  to  impart  a  rough  surface,  whertiby  tlie  parcliment  is  rendered  capable 
of  being  written  on  and  dyed.  If  the  parchment  be  intended — as  it  used  fre- 
quently to  be  formerly  before  the  invention  of  metallic  paper— for  memoranda, 
written  with  load-pencils,  to  be  wiped  out  if  desired  witli  a  wet  sponge,  it  is 
after  planing  painted  over  with  a  thin  white-lead  paint,  for  wliich  a  mixture  of  glue- 
water  with  baryta-  or  zinc-wliite  is  often  substituted.  TJie  vellum  of  this  country  is 
generally  obtained  from  sheep  skins,  wliich  are  split  into  Uso  sheets  by  means  of 
cutting- tools,  l^archment  after  having  been  dried  on  the  frames  is  dusted  over  with 
chalk  and  rubbed  with  i>umice-stone.  The  sieves  used  in  powder  mills  for  granula- 
ting tlie  powder  are  made  of  parchment  obtained  from  hogs'  skins. 

shaxncn.  Genuine  OritJitul  sliagreen  (saghir,  sagri,  sagre),  is  a  variety  of  tawed 
parchment,  one  side  of  which  is  covered  with  small  hard  grains.  This  material 
is  manufactured  in  Persia,  at  Astrakau,  in  Turkey,  and  in  Kuuraania,  from  certain 
portions  of  the  skins  and  hides  of  wild  asses,  horses,  and  other  animals.  The  hides 
are  soaked  in  water  until  the  epidermis  can  be  removed  easily  togetlicr  'with  Hie 
hairs  by  the  aid  of  a  (hessing^ knife  ;  next  tlie  hides  are  again  placed  in  water  so  a*^ 
to  swell  the  material  sufficiently  to  admit  of  cleansing  it,  and  cutting  away  on  hr*U 
flesh  and  hair  side  all  superfluous  material,  so  as  to  leave  only  the  corium.  wliich  then 
has  the  appearance  of  a  fresh  bladder.  In  order  lo  produce  on  skins  thus  prepared 
a  grained  surface,  they  are  put  into  flames,  as  described  undur  Parchment,  while 
on  tlie  hair  side,  alhtbata,  the  hard  black  seed  of  the  Chenopodium  album  is 
stomped  in,  either  by  the  feet  or  forced  in  by  pressure.    When  the  skins  are  dry  they 
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are  removed  from  llie  frame,  tlio  seed  shaken  oif,  and  the  skins  thoronghly  pinned 
with  a  sliarp  dressing-knife,  then  put  again  itito  water»  tawed,  and  finaUy  dyed.  The 
tawing  is  effected  by  the  aid  eitlier  of  alum  or  of  oak  bark.  The  dye  of  shagreen  is 
generally  green »  and  is  due  to  salts  of  copper.  After  dyeing  tlie  skins  are  soaked  m 
mutton  tallow. 

Fish  skin»  or  fjsli  clvagrin,  is  obtained  from  various  kinds  of  sharks  (SqualuM 
oanicula,  S.  catidun,  S,  centrina)  and  other  fishes  of  the  same  class.  The  akin  of 
these  animals  is  not  covered  with  scales,  but  witJi  more  or  less  projecting  hard 
points.  The  skius  having  been  removed  from  llie  fish  are  stretched  in  frames  and 
simply  dried,  being  then  sent  to  the  market.  Formerly  sharks'  skin  was  in  some 
countries  used  by  joiners  instead  of  sand-  and  ^jlass-paper  for  preparing  wood.  The 
skins  deprived  of  the  projections  are  dyed  and  used  for  covering  small  boxes,  tubea 
of  small  telescopes,  kc. 

Glue-Boilino. 

a«tt«i»iOHMTkaoni.  The  organisms  of  all  animtda,  but  more  especially  of  tlie  highet*^ 
classes,  contain  tissues  which  are  insoluble  in  cold  as  well  as  in  hot  water,  but 
w^hich  by  continued  boiling  become  dissolved,  and  yield  on  evaporation  of  the  solu- 
tion a  glutinous  gelatinising  mass,  which,  by  further  drying,  exliibils,  according  to  tli6  ^ 
degree  of  purity  of  the  material,  a  more  or  less  transparent  and  brittle  substance,  which 
in  pure  state  is  devoid  of  colour  as  well  as  of  smeU,  becoming  swollen  in  cold  water  and 
dissolved  by  boiling  in  that  liquid.  This  substance,  i.r.,  the  product  of  the  conver- 
aion  of  the  so-called  glue-  or  gelatine-jielding  tissues,  is  what  is  known  in  the  trade 
as  glue,  and  largely  used  by  joiners,  carpenters,  *bj.,  for  joining  wood,  also  for 
sizing  paper,  for  ckrifying  various  liquids,  beer  and  wine  for  instance,  and  as  a 
cement.  Among  the  glue-yielding  tissues  the  following  are  the  most  important : — 
Cellular  tissue,  the  coriura,  tendons  or  sinews,  the  middle  membrane  of  tlio  vasa 
Ijinphfttica  and  veins^  the  osseine  or  organic  matter  of  bouest  hartshorn,  cartilage, 
the  bladders  of  many  kinds  of  hsh,  Ac,  Chemically  we  distinguish  between  glutin, 
that  is  to  soy,  glue  derived  from  skins,  bones,  ic,  and  chondrin,  which  has  been 
obtained  from  cartilage.  In  a  techniciil  point  of  view  this  distinction  is  hardly 
required »  as  tlie  cartilaginous  matter  is  as  much  as  possible  selected  from  other  glue- 
making  matenals,  because  experience  has  shown  that  glutin  has  a  much  greater 
power  uf  ad liesioD  than  chondrin.  The  latter,  however,  is  largely  used  as  size  in 
this  country. 

As  already  observed,  the  glue-  or  gelatine -yielding  tissues  yield  on  being  dissolved 
a  gelatiui.sing  mass,  the  aqueous  solution  of  which  does  not,  however,  possess  to  anyj 
great  extent  a  glutting  property,  which  is  only  imparted  to  the  gektine  by  a  proee 
of  drying.  In  considering,  therefore,  the  process  of  glue-boiling,  we  have  to  distin- 
guii<h  the  animal  matter  capable  of  yielding  glue,  the  gelatinous  mass  obtained 
therefrom,  and  the  ghic  obtained  by  drying  the  latter.  The  temperature  required  for 
obtaining  gelatine  diflVirs  according  to  the  different  animal  tissues  employed ; 
consistency  of  the  gelatine  obtained  from  equally  strong  sohitions  varies  with  the  i 
of  the  tissues  operated  upon. 

Gluft  readily  dissolves  by  boiling  in  water,  forming  on  cooling  a  gdafciiicua  i 
even  if  the  quantity  of  glue  h  only  i  per  cent.  Ilepented  boiling  and  cooling  ft 
^lue  solution  causes  it  to  lose  the  property  of  gelatinising,  and  the  same  effect  is  pro* 
duced  by  acetic  and  dilute  nitric  acids.     Solutions  of  alum  precipitate  glue  solutia 
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only  after  the  addition  of  potash  or  soda,  the  precipitate  consisting  of  glue  mixed 
with  basic  sulphate  of  alumina.    Glue  enters  with  tannic  acid  into  a  combination  of 
constant  composition ;    hence  glue  or  gelatine  may  be  used  for  the  estimation  of 
tannin  in  vegetable  matter. 
Three  different  kinds  of  glue  are  distinguished  by  the  manufacturers,  viz. : — 

a.  So-called   skin-glue,   or  leather-glue,  prepared    from    refuse  hides,   skins, 

tendons,  &c. 

b.  The  glue  obtained  &om  bones. 

0.  The  glue  obtained  from  fish-bladders,  termed  isinglass. 

Very  recently  glue  from  vegetable  gluten  and  so-called  albumen  glue  have  been 
prepared. 

LMtheroine.  This  substaucc  is  prepared  from  a  large  variety  of  animal  refuse,  the 
chief  sources  being  the  following: — Hefuse  from  tan  yards,  tawing  and  leatlier- 
dressing  works,  old  gloves,  rabbit  and  hare  skins  (the  hair  having  been  used  by  hat- 
makers)  ,^skins  of  cats  and  dogs,  ox  feet,  parchment  cuttings,  surons  (skins  which  have 
served  the  purpose  of  carrying  drugs,  especially  from  America),  sinews,  guts, 
leather  cuttings  (leather  tanned  with  oak  bark  cannot  be  readily  converted  into  glue). 
The  glue-boiler  on  an  average  obtains  from  the  various  materials  about  25  per  cent 
of  glue,  preference  being  given  to  the  refuse  of  tawing  operations  and  kid  leather 
making,  because  these  materials  are  ready  for  boiling  without  requiring  any  previous 
treatment.    Glue-boiling  involves  the  following  operations : — 

1.  Treating  the  glue-yielding  materials  with  lime. 

2.  Boiling  these  materials. 

3.  Forming  the  gelatine. 

4.  Drying  the  gelatine  so  as  to  form  glue. 

TMatingwiutLtnM.  I.  The  aim  of  this  operation  is  the  cleansing  of  the  refuse  and  the 
prevention  of  putrefaction.  It  is  effected  by  placing  the  cuttings  in  tanks  or  lime-pits 
and  pouring  in  a  thin  milk  of  lime.  The  materials,  while  the  milk  of  lime  is 
frequently  renewed,  are  thoroughly  mixed  with  the  lime-liquid  and  left  for  fifteen  to 
twenty  days  in  the  pits.  By  the  action  of  the  lime  any  blood  and  flesh  is  dissolved 
and  the  fatty  matter  saponified.  In  order  to  remove  the  excess  of  lime,  the 
materials  are  placed  either  in  nets  or  in  willow-baskets,  and  these  are  immersed  in  a 
brook  or  river,  where  a  continuous  stream  of  fresh  water  removes  the  greater  part  of 
the  lime  in  a  few  days.  The  washed  material  is  next  exposed  in  the  yard  to  the 
action  of  the  air  in  order  that  it  may  become  dry,  as  well  as  form  a  carbonate  of 
any  lime  still  present  in  the  materials.  When  the  materials  are  dry  they  are  packed 
and  sent  off  to  the  glue-boilers,  who,  previous  to  proceeding  with  the  boiling  opera- 
tion, macerate  the  materials  again  in  a  weak  milk  of  lime,  the  maceration  being 
followed  by  washing. 

Fleck  states  that  a  weak  alkaline  ley  (5  kilos,  of  calcined  soda  and  7*5  kilos,  of 
quick-lime  to  750  to  1000  kilos,  of  glue-yielding  material)  is  preferable  to  the  use  of 
milk  of  lime.  When  the  glue -boiling  and  tanning  operations  are  executed  on  the 
same  premises,  the  lime -treated  glue  material*  are  put  for  a  few  hours  into  old  oak 
bark  liquor,  tlie  acids  (lactic,  butyric,  and  propionic  acids)  of  which  remove  the  lime, 
while  the  animal  matter  is  at  the  same  time  superficially  tanned.  This  glue  tannate 
rises  during  the  boiling  as  scum  to  the  surface  and  assists  in  rendering  the  glue 
liquor  clear.  According  to  Dullo,  the  Cologne  glue— a  very  pale  and  strong  glue— 
85 
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is  obtained  from  offa],  ivbicli,  after  liming,  has  been  treated  with   a  solution   of 
chloride  of  lime  ^hyp^:^cldoritc  of  lime) »  and  thereby  bleiKihed. 

Bouinff  um  Uftt«riai«.  Tlus  operittioti  is  carried  on  citlier  in  tlxe  ordinary  manner  of 
boiling  anytiiing  witli  water,  or  by  so-called  fmctioned  boiling,  or  finally  by  ihi? 
iipplictttion  of  steam.  As  the  conversion  of  the  glue-yielding  materials  into  gltie 
takes  place  slowly  and  gradually  under  tlie  influence  of  tho  boiling  water,  it  is  clear 
tliat  tlie  method  of  boiling  cannot  be  williout  influence  upon  tlio  glue  ultimately 
produced.  The  first  portions  of  gelatine  which  are  foimed  remain  in  contact  wi^ 
a  boiling-hot  mass,  and  are  thereby  further  changed  bo  as  to  lose  the  capability  of 
gelatimaing,  while  the  glue  at  last  obtained  exhibits  a  dark  colour  and  is  often  not  so 
strong,'  although  it  is  generally  believed  that  deep-coloured  glue  is  of  a  belter 
quality,  A  rational  mode  of  glue-boiling  would  involve  tlm  gradual  removal  of  tliC 
solution  obtained,  while  of  course  fresh  water  would  have  to  be  supplied  to  replace 
the  li^iuor  drawn  off.  The  older  method  of  glue-boiling  consists  in  simply  placing 
the  materials  with  water  in  a  cauldron,  care  b^iog  taken  to  prevent  burning  by  placing 
the  materials  on  a  stout  wire  gauze  or  tying  them  in  a  net  and  suspending  it  in  tlie 
boiling  liquid.  Soft  water  yielda  a  better  result  tlian  hard.  Gradually  the  materials 
become  dissolved,  and  the  scum  which  is  formed  is  taken  irom  the  siirfaco  with  a 
large  ladle.  The  refuse  of  glue  of  former  operations  is  added  to  the  boiling  Uqtiid, 
and  the  operation  conliuued  until  the  liquid  is  of  the  required  strength,  wliicli  is 
t4Jsted  by  pouring  into  a  broken  egg-shell  a  smaU  portion  of  the  liquor,  and  by- 
placing  the  partly- filled  shell  in  ice-cold  water.  If  tlie  solution  gelatinises  after  a 
while,  forming  a  hoi'd  and  rather  stiff  gelatine^  the  liquor  is  ruu  off  by  means  of  a 
tap,  filtered  tlirough  a  layer  of  straw  placed  in  a  basket,  and  conveyed  to  a  wooden 
lead-lined  cistern,  externally  covered  with  mat^  or  straw,  or  some  bad  conductor  uf 
lieaL  In  some  works  tlie  liquor  is  decanted  into  a  deep  but  narrow  boiler,  iht; 
furnace  of  which  is  so  arranged  as  to  impart  heat  to  the  top  of  tlie  vessel  only.  This 
vesscUas  well  aa  the  cistern,  is  heated  previously  to  the  ht^uor  being  poured  in.  The 
liquor  is  clarilied  by  stirring  it  with  a  small  quantity  of  Tory  finely -pulveristnl  alonu 
075  to  15  per  mille  of  the  liquid.  After  tliis  the  liquid  is  left  to  stand  all 
night  The  alum  precipitates  auy  lime  remaining  as  sidpljate  of  lime,  and  also  some 
organic  matter  which  renders  tlie  liquid  tmbid.  Alum,  tliough  it  prevents  the 
putrefaction  of  the  glue  while  drying,  impairs  its  sircnglh.  The  lime  might  belter 
be  precipitated  by  o:salic  acid,  and  the  organic  matter  removed  by  adding  to  the 
boiling  mass  some  astringent  matter,  siich  ns  oak  bark  decoction  or  hops,  so  that 
during  the  boiling  the  organic  impurities  could  be  talien  away  ns  scum. 

FtaetioiMd BoiUoff.  By  this  operation  only  a  comparatively  small  quantity^ of  water 
added  to  the  animal  matter  intended  to  be  converted  into  glue.  When  the  water 
fairly  boiling  tlie  cauldron  is  covered  with  a  wrlMittiiig  lid  jvnd  the  stiiram  being  kept 
in  as  much  as  possible,  is  allowed  to  act  upon  the  materials  so  as  to  convert  tliem 
into  glue.  Wlien.  after  continued  boiling  for  about  two  hours,  the  water  has  taken 
up  sufficient  gelatine,  the  hquor  is  run  olf  and  fresli  water  poured  on  Uie  materials. 
This  operation  is  repeated  until  tJie  decoction  no  longer  gelatinises,  the  last  liquor 
being  kept  for  use  instead  of  water  for  a  following  operation.  The  liquors  tlius 
obtained,  excepting  the  last,  are  either  mixed  or  each  is  treated  separately.  The  glno 
yielded  by  tlie  first  decoction  is  stronger  tlian  that  yielded  by  the  subsequent  liquors. 
By  this  method  of  boiling  tbo  saturated  liquor  does  not  remain  exposed  to  the  action 
oC  heat  and  water  too  long,  and  consequently  a  better  article  is  produced.     In  some 
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instances  the  materials  intended  to  be  converted  into  glue  are  boiled  in  a  vessel 
similar  in  construction  to  those  in  use  in  bleaching-works  and  in  paper-mills, 
arranged  in  the  following  manner.  At  some  distance  from  the  bottom  a  perforated  false 
bottom  is  placed,  in  the  centre  of  which  is  fixed  a  wide  tube  which  reaches  to  about  two- 
thirds  of  the  height  of  the  cauldron.  The  materials  intended  to  be  converted  into  glue 
are  placed  upon  the  perforated  bottom  and  water  under  it ;  as  soon  as  the  wat^r  boils, 
the  steam  produced,  not  being  able  to  escape  rapidly  and  readily  through  the  materials, 
exerts  a  pressure  upon  the  liquid  and  forces  it  through  the  tube,  the  consequence  being 
that  a  constant  stream  of  boiling  liquid  falls  upon  the  glue  materials,  wliich  are  rapidly 
dissolved. 

A  more  rational  mode  of  conducting  this  operation  consists  in  employing  high- 
pressure  steam  admitted  into  the  mass  of  the  animal  materials  to  be  converted  into 
glue.  In  this  manner  a  very  concentrated  solution  of  glue  is  obtained  in  a  short 
time.  In  England  steam  is  generally  employed,  but  on  the  continent  its  use  is  the 
exception.  It  has  been  said  that  it  is  advantageous  to  allow  the  animal  ofial  intended 
for  glue  to  become  somewhat  decomposed  and  then  to  disinfect  it  with  chlorine 
and  sulphurous  acid  before  boiling  it  for  glue,  because  by  this  mode  of  treatment  a 
brighter  glue  is  obtained.    We  are  unable  to  say  whether  this  opinion  is  correct. 

Motdding.  As  soon  as  the  glue  solution  has,  by  standing  in  the  tanks  into  which  it  had 
been  transferred  from  the  boilers,  become  quite  clear  and  somewhat  cooled,  the 
liquid  is  poured  into  moulds,  and  when  solidified  the  jelly  is  cut  into  cakes  of  the 
shape  and  size  met  with  in  the  trade. 

The  moulds,  into  which  tlie  glue  solution  is  poured  through  a  strainer  made  of 
metal  gauze,  are  of  wood,  and  generally  a  little  wider  at  the'  top  than  at  the  bottom, 
80  as  to  admit  of  an  easy  removal  of  tlie  solid  material.  At  the  bottom  of  the  moulds 
a  series  of  grooves  are  cut  at  such  a  distance  from  each  other  as  agrees  with  the  size 
of  the  intended  glue-cakes.  Before  the  liquid  is  poured  into  tlie  moulds,  these  are 
tlioroughly  washed,  and  either  allowed  to  remain  damp,  or  if  dried  are  oiled,  so  as  to 
prevent  the  solidifying  gelatine  adhering  to  tlie  wood.  Recently  moulds  made  of 
sheet-iron  and  zinc  have  been  introduced.  The  moulds  are  filled  with  the  lukewarm 
glue  solution,  and  when  the  glue  is  sufficiently  hard  it  is  gently  loosened  from  the 
sides  with  a  sharp  tool,  and  the  mould  having  been  turned  over  on  a  wooden  or  stone 
table,  previously  damped,  is  lifted  oflf  the  block  of  gelatine,  which  is  next  cut  into 
cakes  or  slabs.  The  cutting  tool  is  simply  a  piano -wire,  or  more  frequently  a  series 
of  these  stretched  in  a  frame  at  sufficient  distance  from  each  other  to  make  the 
cakes  of  the  desired  thickness,  the  frame  being  placed  on  small  wheels  so  as  to  be 
ebsily  moved.  Glue  is  met  with  in  the  trade  as  a  gelatinous  mass,  or  is  sold  in 
cabks  under  the  name  of  size.  It  is  said  that  the  process  of  drying  impairs  the  good 
qualities  of  the  glue. 

Drytngthaoiae.  This  Operation  is  performed  by  placing  the  gelatine  cakes  on  nets 
made  of  twine  stretched  in  frames  and  exposed  in  a  dry  airy  place  to  tlie  action  of 
the  sun.  The  drying  is  one  of  tlie  most  difficult  operations  of  the  glue-making 
process,  because  the  temperature  of  the  air  and  its  hygrometric  condition  exert  a 
great  influence  on  the  product,  especially  during  the  first  few  days.  The  glue  will 
not  bear  a  temperature  above  20**,  because  at  a  higher  temperature  it  becomes  again 
fluid,  and  as  a  matter  of  course  flaws  through  the  meshes  of  the  net  and  adheres  to 
the  twine  so  strongly  as  to  require  the  nets  to  be  put  into  hot  water  for  the  removal 
of  the  mass.    Too  dry  air  causes  an  irregularity  in  the  drying  of  the  glue,  and  as 
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n  consequence  tlie  cakes  become  bent  and  cracked ;  while  frost  causes  disintegration, 
BO  as  to  necesfiitate  a  re-xucJUng  of  tlie  glue;  hence  it  follows  tliat  drying  in  the 
open  air  can  onlj  be  eflectcd  in  the  spring  and  autumn.  Allbougli  the  glue-boilers 
have  tried  to  dry  glue  by  ortificitU  heat,  tliis  jilan  has  not  been  generally  introduced  o^ 
tit  the  fact  that  a  slight  excess  of  heat  caiLsea  tlie  melting  of  tlxc  gelatine,  the 
readil)'  when  ventilation  h  neglected.  Dryiaig- rooms,  as  recently  constructed  are  Islt 
sized  shed*i  fitted  with  the  recjuii-ed  frame-work  for  roceiving  the  gelatine  cakes,  an 
heated  by  steam-pipes  placed  on  the  floor  near  the  hitter.  The  walls  are  provided 
witli  openings  which  can  be  closed  by  means  of  valves,  while  there  are  ventilators  in 
tlie  roof  arranged  to  obtain  a  proper  circulalioa  of  air.  As  the  gelatin©  placed 
nearest  to  the  tloor  of  the  room  becomes  most  quickly  dry,  it  is,  with  the  frame 
upon  which  it  placed/rcmoved  after  eigliteen  to  twentyfour  hours  to  a  higher  part  i 
the  drying-room,  which  is  not  heated  at  all  if  the  outer  air  has  a  temperature  of 
15''  to  20',  TJie  dr}ing-shed,  or  room,  is  by  preference  built  so  as  to  face  the  north. 
When  the  glue  has  been  tlius  dried  as  much  as  possible,  it  is  generally  quickly  dried 
ia  a  stove  in  order  to  impart  hardness.  It  is  next  polished  by  being  immersed  in 
hot  water,  and  cleaned  witli  a  brush,  and  again  dried. 

Qiu«  ftwiD  Bone*.      The  orgamc  matter  contained  in  bones,  forming  nearly  one'thir4J 
port  (32'i7  per  cent)  of  tlieir  weight,  consists  of  a  material  which,  after  the  bones  hayol 
been  treated  with  hydrocliJoric  acid,  is  \ery  readily  converted  by  the  action  of  high^ 
pressure  steam  into  glue.     The  preparation  of  glue  from  bones  by  the  action 
hydrochloric  acid  is  the  usual  mode  of  proceeding,  and  the  operation  is  advantage*] 
ously  combined  with  the  making  of  sal-ammoniac  and  phosphorns. 

The  preparation  of  glue  from  bones  includes  the  folLwing  operations: — I,  Bmlin^ 
out  the  Orrtut*. — The  bones  are  put  into  water  and  boiled  in  a  cauldron,  the  fat 
floating  to  the  surface.  Frequently  in  order  to  save  fuel  the  bones  are  put  into  an  iron 
wire  basket,  which  is  removed  after  the  boiling  has  been  continued  for  some  time^the 
bones  tlirowii  out  and  fresh  ones  put  in,  the  boiling  being  continued  until  a  thick 
gelatinous  hquor  is  obtainetl.  Hie  fat  or  grease  is  removed  from  the  surface  of  the 
liquid  by  means  of  ladles.  The  gelatinons  mass  obtained  by  this  process  is  either 
used  as  u  manure  or  is  given  to  ctittle  ns  fodder.  In  some  worlis  l»ues  liave  been 
exhausted  witli  sulphide  of  carbon  for  tlie  purpose  of  extracting  the  grease, 
11-  Trmtintj  the  Bontit  tiith  Hyihovhloric  Avid. — The  bones  having  been  drained  are 
placed  in  baskets,  mid  with  these  arc  immersed  in  tanks  to  more  than  half  tlicjr  height, 
tJie  tanks  being  tilled  with  hydrocliloric  acid  at  7*  B.  ( =  105  sp.  gr.=  106  per  cent 
CIH) ;  10  kilos,  of  bones  require  40  litres  af  acid.  The  bones  are  kept  in  tJiis 
liquor  until  they  become  quite  soft  and  tnmHpnrent.  They  are  next  drained  and  tlieu 
witli  the  baskets  imiUL-raed  in  a  stre»im  nr  brouk  with  a  good  sttpply  of  mnniiig 
water  to  wash  out  the  greater  portiuii  of  tlie  acid,  whifrh  is  fully  neutrulised  by 
placing  the  bones  in  lime-water,  again  followed  by  washing  with  fresh  water, 
the  bones  being  tlien  reaily  for  boiling*  Gerland  has  suggested  the  iis«  of 
anlphurous  instead  of  hydrocliloric  acid.  III.  Conrasion  of  the  Organic  Mutter 
into  Glut, — The  cartilaginous  substance  having  been  either  partly  or  completely 
dried  ia  put  into  a  cylindrical  vessel  containiiig  3  false  iK-rforated  bottom,  and 
between  tliat  and  the  real  bottom  a  pipe  or  tube.  To  Uio  top  of  the  vessel  a  lid  is 
fitted,  provided  with  an  opening  for  a  steam -pipe  leading  from  a  small  boiler. 
Shortly  after  the  admission  of  the  steam  a  concentrated  glue  solution  begins  to  nm 
off  from  the  pipe  at  the  bottom  of  the  cyhnder ;  tliis  solution  is  usuuHy  sa  eoncen- 
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trated  as  to  admit  of  being  at  once  ran  into  the  moulds,  and  after  having  become 
solid  is  treated  as  before  described.  After  a  few  hours  a  weak  liquid  makes 
its  appearance,  and  as  soon  as  this  happens  the  cylindrical  vessel  is  opened,  the  glue 
mass  removed  with  the  weak  liquid  to  a  copper  and  boiled,  care  being  taken 
to  stir  the  magma  constantly.  As  soon  as  the  glue  is  dissolved  the  liquor  is  poured 
into  moulds.  Glue  obtained  from  bones  exhibits  a  milky  appearance  due  to  tlie  pre- 
sence of  a  small  quantity  of  phosphate  of  lime  retained  in  the  substance.  Some- 
times there  is  purposely  added  more  or  less  baryta-white,  zinc-white,  white-lead, 
chalk,  or  pipe- clay.  The  glue  obtained  from  bones  is  sold  under  the  name  of  patent 
glue. 

Liquid  oioe.  Whcu  gluc  is  dissolvcd  in  its  own  weight  of  water  and  a  small  quantity 
of  nitric  acid  added  to  the  solution,  it  loses  the  property  of  gelatinising,  while  the 
adhesive  property  of  the  glue  is  not  impaired.  Dumoulin  prefers  to  dissolve  i  kilo, 
of  Cologne  glue  in  i  litre  of  boiling  water,  and  to  add  to  the  solution  o*2  kilo, 
of  nitric  acid  at  36  B.  =  1*31  sp.  gr.  After  the  evolution  of  the  nitrous  acid  fumes 
has  subsided  the  fluid  is  cooled.  A  better  liquid  glue  is  obtained  by  dissolving  good 
gelatine  or  glue  of  superior  quality  in  strong  vinegar  and  moderately  strong  acetic 
acid,  to  which  one-fourth  of  its  bulk  of  alcohol  is  added,  and  some  pulverised  alum, 
the  solution  being  aided  by  a  water-bath.  The  action  of  the  acetic  acid  is  the  same 
as  that  of  the  nitric  acid.  According  to  Knaffl,  a  very  excellent  liquid  glue  is 
obtained  by  heating  for  some  10  to  12  hours  upon  a  water-bath,  a  mixture  of  3  parts 
of  glue  in  8  parts  of  water,  to  which  are  added  05  part  of  hydrochloric  acid,  and 
075  part  of  sulphate  of  zinc,  the  temperature  of  the  mixture  being  kept  below 
80°  to  Ss".  This  kind  of  liquid  glue  keeps  for  a  very  long  time  and  is  largely  used 
for  joining  wood,  horn,  and  mother-of-pearl.  This  glue  is  employed  by  the  makers 
of  artificial  pearls. 

TestfortiMQaautyof  Gine.  Although  the  quality  of  glue  is  best  ascertained  by  practical 
use,  some  of  the  physical  qualities  and  the  external  appearance  of  glue  may  be 
mentioned  as  indicating  a  superior  article.  Glue  of  good  quality  should  exhibit  a 
bright  brown  or  brown-yellow  colour,  should  be  free  from  specks,  glossy,  perfectly 
clear,  brittle,  and  hard,  should  not  become  damp  by  exposure  to  air ;  when  being 
b.ent  it  should  snap  or  break  sharply,  the  fracture  presenting  a  glassy,  shining 
appearance.  When  placed  in  cold  water  glue  should  not  even  after  forty-eight 
hours  in  this  fluid  swell  up  and  increase  in  bulk  nor  dissolve.  A  splintery  fracture 
of  glue  indicates  that  it  has  not  been  well  boiled.  The  adhesive  property  of  glue  is 
often  increased  by  adding  certain  pulverulent  earthy  substances.  This  addition  is 
regularly  the  case  with  Russian  glue.  Among  the  substances  employed  are  white- 
lead,  sulphate  of  lead,  zinc-white,  baryta-white,  and  even  chromate  of  lead.  As 
difierent  kinds  of  glue  may  agree  in  their  external  aspect  and  yet  vary  as  regards 
their  adhesive  power,  methods  of  testing  glue  have  been  proposed,  some  of  which 
are  based  upon  the  chemical,  others  upon  the  physical,  properties  of  this  substance. 

I.  Chemical  Processes  of  Testing  Olue. — Of  these  we  mention  the  following : — 
Graeger's  Method. — Premising  tliat  the  quality  of  a  glue  is  dependent  on  the 
quantity  of  glutin  contained,  irrespective  of  the  origin  of  the  glue  and  its  freedom 
from  foreign  substances,  which  might  weaken  its  adhesive  property,  Graeger  estimates 
the  quantify  of  gluten  by  precipitating  the  glue  solution  with  tannin,  and  by  calcu- 
lating xxom  the  amount  of  tannate  of  gelatine  obtained  (the  composition  being  taken 
in  100  parts  at  4274  parts  of  gluten  and  57*26  of  tannin),  the  quantity  of  pure 
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gluten  contained  in  ihe  glue,  Pdsler-Beunat,  while  employing  Uie  same  prijj 
piropiires  two  normal  fluids,  one  of  wliieli  contains  lo  grms.  of  puro  tannic 
to  the  litre,  while  the  other  contains  in  i  litre  lo  grms.  of  pure  isinglass  and 
20  gnns,  of  alum.  As  equal  bulk  of  these  llujds  do  not  eaturate  each  other,  tlie 
autlior  determines  bj  titration  the  relation  between  them^  and  dilutes  the  tannic  acid 
solution  with  the  requisite  quantity  of  water.  In  order  to  test  a  glue  the  author  dis- 
solves 10  grms.  of  the  sample  to  be  tested  witli  20  grms,  of  alum  in  a  litre  of  water, 
heat  being  applied  if  neccssftr3^  Next  10  c.e.  of  Uie  tannic  acid  solution  are  tak 
to  which  an  equal  bulk  (10  c.e.)  of  tlie  glue  soludon  is  at  once  added,  because  out 
may  be  sui-e  that  tliis  is  not  too  tnuch»  as  no  sample  of  glue  met  witli  in  commerce  isJ 
as  pure  as  isinglass.  The  vessel  containiiig  the  mixed  liquid  being  well  shaken  and  ' 
tlie  precipitate  having  settled,  another  ex,  of  ghie  solution  is  added  to  the  tannin 
aoUiticm,  wliich  is  next  filtered  through  a  moistened  cotton  tiltor.  If  ane  drop  of  the 
glue  solution  stUl  produces  a  precipitate  in  tlie  clear  fiJlrate  another  c.c.  is  added  to 
the  tannin  solution,  and  then  again  filtered,  these  operations  being  repeated  until  tlie 
nitrate  is  no  longer  rendered  turbid  by  the  glue  solution. 

These  modes  of  testing  glue  give  only  an  approximate  value  of  the  glue,  as  ita 
precise  chemical  constitution  is  not  know^n,  and  is,  in  all  probability,  complex  ;  whUe 
it  hos  not  been  proved  tlmt  tlie  substance  combined  with  tannin  corresponds  to  tlio 
adhesive  power  of  glue.  Finally,  it  should  bo  observed,  that  gelatine  and  glue,  though 
both  precipitated  by  tlie  same  quantity  of  taunin,  are  altogether  diJl'erent  substances. 
II-  Meehanical  Moths  of  Testing  Glue, — Schattenmaun's  Method, — ^The  glue  to  be 
tested  is  kept  immersed  for  a  considerable  time  in  a  large  quantity  of  water  at  15'' ;  the 
substance  sweDs  up,  absorbing  live  to  sixteen  times  its  own  weight  of  water.  The  more 
consistent  and  elastic  glue  is  found  to  be  in  this  state  tlie  greater  its  adhesive  power. 

The  larger  tlie   quantity  of  wat4?r 
Fio.  256.  absorbed  the  more  economicid  will 

the  gluo  b€  in  use  According  Us 
Weidt'iibusch's  experiments,  tliis 
method  should  be  employed  only 
with  glue  obtained  from  bones,  na 
tlmt  obtained  from  animal  oifal  docs 
not  behave  btmilarly.  LipowiU  has 
prox^ofied  the  fuUowiug  method: — 
5  parts  of  glue  are  dissolved  in 
such  a  quantity  of  water  that  the 
wxigbt  of  the  solution  is  equal  to 
50  parts.  This  soUitiun  is  kept  for 
twelve  hours  at  iS"  in  order  to 
cause  tlie  solution  lo  gelatinise. 
The  gelatine  obtained  is  placed  in 
a  ghiss  vessel,  Fig,  256.  a  ia  a 
piece  of  tinned  Iron  tlirougli  which 
the  iron  wire  h  moves  easily.  At  the 
lower  end  of  h  is  soldered  a  saucer- 
like  piece  of  tinned  iron,  Jho  convex 
aide  of  which  is  tiuued  downwards.  The  weight  of  the  wire  h  and  tlie  convex 
piece  soldered  to  it  is  5  grms.,  while  Uie  funnel,  c,  put  on  the  top  of  the  wirai 
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also  weighs  5  grms.  The  funnel  is  of  sufficient  size  to  contain  50  grms.  of  small 
shot.  According  to  the  consistency  the  greater  weight  will  it  require  to  force  the 
gelatine  down  into  the  glass,  and  from  the  weight  required  the  adhesiveness  may 
be  judged.  Heinze  has  tried  this  method  (1864),  and  the  results  of  his  experiments 
prove  tlie  correctness  of  Lipowitz's  proposition.  ^ 

Weidenbusch*s  method  is  essentially  that  suggested  by  Karmarsch,  and  consists 
in  testing  the  weight  required  to  tear  asunder  two  pieces  of  wood  glued  together 
with  the  sample  of  glue ;  but  it  is  evident  tliat  this  plan  is  not  satisfactory,  because 
it  is  impossible  to  obtain  wood  always  of  the  same  quality,  while  the  adhesiveness  of 
good  glue  is  greater  than  that  of  wood  itself.  Weidenbusch  has  evidently  observed 
that  the  method  is  not  reliable,  for  he  has  suggested  tlie  following  plan: — Small 
sticks  or  rods  are  made  of  gypsum,  are  gently  dried,  first  by  heat  and  next  over 
chloride  of  calcium  imtil  the  rods  do  not  lose  weight.  They  are  then  saturated 
with  solutions  of  samples  of  glue ;  the  force  required  to  break  these  rods  after  drying 
determines  tlie  strength  of  the  glue,  because  tlie  force  required  to  break  the  gypsum 
is  of  a  constant  value.  An  apparatus  has  been  contrived  by  tlie  aid  of  which  the 
weight  required  to  tear  asunder  the  dried  gypsum  rods  may  be  ascertained;  the 
average  weight  has  been  found  to  be  219  grms.  The  glue  to  be  tested  is  dried 
at  100°,  put  over  night  into  cold  water,  next  dissolved  in  hot  water,  the  solution 
being  so  arranged  as  to  contain  one-tentli  of  glue.  Tliis  solution  is  coloured  with 
neutral  indigo  tincture  in  order  to  render  it  more  easily  discernible.  The  gypsum 
rods  are  left  in  the  solution  for  a  couple  of  minutes  and  tlien  dried  until  the  weight 
does  not  vary.  When  this  obtains  the  rods  are  broken  by  the  action  of  mercury, 
which  is  gradually  admitted  into  the  apparatus. 

loingiAu.  The  substance  met  in  commerce  under  the  name  of  isinglass  is,  if 
genuine,  tlie  dried  interior  pulpous  vesicular  membrane  of  the  air-bladder  of  certain 
kinds  of  fish  belonging  to  the  order  of  the  cartilaginous  ganoids,  and  more 
especially  of  the  common  sturgeon  (Accipenser  sturio) ;  the  huso,  or  grand  sturgeon 
{A.  sturio)  ;  tlie  A,  Oiildenstaedti,  and  A.  stellatus.  The  bladders  of  these  and  of  kin- 
dred species  of  fish  plentifully  met  with  in  the  Caspian  Sea  and  the  estuaries  of  the 
rivers  running  into  it,  are  cut  open,  cleansed,  stretched,  and  dried  by  exposure  to  sun- 
light, and  when  sufficiently  dry  to  admit  of  being  handled  without  fear  of  tearing  the 
outer  muscular  membrane,  wldch  does  not  on  being  boiled  yield  any'glue,  is  torn  off, 
while  the  interior  membrane  is  moulded  in  various  ways  (as  in  rings,  lyre-shaped,  or 
folded  as  leaves  of  paper),  and  bleached  by  sulphurous  acid,  then  tlioroughly  dried 
by  exposure  to  sunlight. 

According  to  the  countries  from  wliicli  it  is  sent  into  the  trade  isinglass  is 
distinguished, — as  Bossian  (the  best  kind  being  obtained  from  Astrakan) ;  North 
American  (from  Oadus  merlucius)  ;  East  Indian  (hom Pohjnemus plebeju8),mQivn.\hin 
leaves,  also  as  small  sacks,  and  in  tlie  entire  bladder ;  Hudson  Bay  isinglass  (derived 
from  sturgeons) ;  Brazilian  is  probably  obtained  from  various  kinds  of  Silurus  and 
Pimeladus,  This  isinglass  occurs  in  hollow  tubes,  in  lumps,  and  in  discs.  German 
Isinglass  is  prepared  at  Hamburg  from  the  air-bladder  of  the  common  sturgeon.  In 
Roumania  and  Servia  the  skin  and  intestines  (not  the  liver)  of  cartilaginous  fishes 
are  boiled  into  a  stiff  jelly,  which,  having  been  cut  into  tliin  slices,  is  dried  and  sent 
into  the  market  as  isinglass.  As  regards  the  use  of  this  material  we  have  to 
distinguish  between  fish  glue  and  isinglass.  The  fonner,  if  properly  prepared,  is  not 
at  all  distinguisliable  from  ordinary  glue  as  obtained  from  bones  or  other  animal 
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refuse ;  but  isinglass  is  not  glue,  and  is  only  converted  into  it  by  boiling.  It  consists 
of  fibrea  or  threads,  which  when  placed  in  wat^ir  aro  Bomewliat  dissolved,  but 
retain  their  organised  structure;  tliis  being  especially  of  importance  for  the  use 
of  this  substance  in  clarifying  \vino»  beer,  and  similar  fluidsi  as  the  fibres  con- 
stitute as  it  were  a  close  jietwork,  vrhich  readily  takes  up  the  turbidity  produced  by 
small  particles.  The  presence  of  tannin  in  liquids  whicli  aro  intended  to  be  clitri- 
lied  by  the  use  of  isinglass  is  advantageous,  inasmuch  as  it  promotes  the  contraction 
of  the  isLngliiss  fibres,  wherehy  the  suspended  particles  present  in  the  fluid  to  be 
claritied  ore  retained ;  so  that  iu  truth  the  chirif)  ing  by  isinglass  is  a  kind  of  liltration, 
which  cannot  be  performed  either  by  glue  or  by  a  hot  saturated  solution  of  isinghiss. 
For  isinglass  may,  in  all  other  instances,  such  as  tlio  dressing  of  woven  silk  fabrii 
tlie  preparation  of  so-called  court-plaster  and  cements,  bo  substituted  ^^ood  gelaUni 
Under  the  name  of  Ichtyocolle  Frangam,  Rulnxrt  some  years  ago  introduced  a  substi 
tute  for  isinglasSi  a  compoimd  said  to  be  obtained  from  hbriu  of  blood  and  tannin. 

llecently  Oiree  subolitutea  for  glue  have  been  introduced, 

2»  Albumen  glue  [colU 
vlgiiaU  ou  albuminoids.  3.  Caseine  glue  (cqIU  CKueine).  The  lirst  is  a  mixture 
of  gluten  and  fermented  £our.  It  is  a  very  sour  mixture,  endowed  with  but 
very  slight  adhesive  power.  Albumen  glue  is  partially  decayed  gluten,  the 
substance  largely  obtained  in  tlie  manufiicture  of  starch  from  wheaten  flour 
thoroughly  washed  witli  water,  and  then  exposed  to  a  temperature  of  15"  to  20- ,  at 
which  it  begins  to  ferment  and  become  partly  fluid,  or  more  correctly  soft,  so  as  to 
admit  of  being  poured  into  moulds  wliich  ore  placed  in  a  room  heated  to  25°  or  30'' 
for  tiventy-four  to  forty- eight  hours.  The  surfaco  having  become  dry  enougli 
to  admit  of  the  cakes  being  handled,  tliey  are  taken  from  tlie  moulds  and  further 
dried  by  being  pUiced  either  on  canvas  t>r  on  wire  gauze.  After  four  to  five  days  tho 
cakes  are  quite  dry  and  fit  for  being  kept  in  a  dry  place  for  any  length  of  time.  A 
solution  of  this  substance  in  twice  its  weight  of  water  constitutes  a  normal  solution, 
which  may  be  diluted  according  to  the  use  desired  to  be  made  of  it.  This  kind  of 
glue  may  be  used  for  tlie  following  purposes : — Glueing  wood,  cementing  glass, 
porcelain,  earthenwai'e,  mother-of-pearl,  for  pasting  leather,  paper,  and  cardboard ;  it 
may  further  serve  as  weaver*a  glue,  and  as  dressin^j  for  silk  and  other  woven 
fabrics;  also  icfr  a  mordant  instead  of  nUiumen  in  dyeing  and  printing  vai4oup 
fabrics ;  and  lastly,  for  clarifying  liquids. 

Caseine  glue  is  prepared  by  dissolving  casoino  in  a  strong  solution  of  borax,  Thif 
thick  fluid  thus  oblAined  has  great  adhesive  powers  and  may  be  advantageously 
employed  by  joiners  an<l  bookbinders.  What  is  known  as  elastic  glue  is  a  prepara- 
tion of  glue  and  glycerine,  by  tlio  addition  of  wliich  glue  may  be  rendered 
permanently  elastic  and  soft.  It  is  prcpart-d  in  the  following  manner: — Glue  is 
mtdted  in  water  by  the  aid  of  a  water-hath,  into  a  very  tliick  paste,  to  which 
glycerine  is  added  in  the  same  quantity  by  weight  as  that  of  tlie  dry  glue.  The 
mixture  is  thoroughly  stirred  and  tlien  further  heated  in  order  to  evaporate  the 
excess  of  water.  Tho  mass  is  then  cast  on  a  marble  slab,  and  after  cooling,  serves 
for  tlie  purpose  of  making  printer's  inking  rollers,  elastic  figures,  galvanoplaatic 
moulds,  &c. 
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Manufacture  of  Phosphorus 

a«n«nz  Fropertiea.  Phosphorus  was  discovered  in  1669  by  Brand,  at  Hamburg,  and 
prepared  by  him  from  urine.  In  1769,  Grahn,  a  Swedish  chemist,  first  prepared  this 
element  from  bones;  his  mode  of  preparation  being  improved  in  1771  by  his 
celebrated  countryman,  Scheele.  Since  the  introduction  of  phosphorus  matches,  its 
manufacture  has  become  one  of  the  most  important  technical  operations.  Phos- 
phorus occurs  largely  in  the  mineral  kingdom  as  phosphoric  acid,  but  for  tlie  manu- 
facture of  phosphorus  in  sufficient  quantity  only  in  such  minerals  as  apatite,  phos- 
phorite, and  staffelite. 

Phosphorite  is  found  in  various  localities,  as,  for  instance,  near  Diez,  Weilburg, 
and  Amberg  and  Redwitz  in  Bavaria.  Some  of  this  phosphorite  is  very  rich  in 
phosphoric  acid,  a  sample  of  that  found  near  Diez  having  yielded  on  analysis  (by 
Petersen,  1866),  3778  per  cent  of  phosphoric  acid,  corresponding  to  1606  per  cent  of 
phosphorus. 

prcpaauon  of  photphonu.  Boue-ash  is  uow  the  ouly  material  used  by  phosphorus  makers, 
as  the  commercial  prepai^ation  of  phosphorus  has  not  succeeded  by  using  either  apatite 
and  other  varieties  of  pure  phosphorite  which  contain  about  18  6  per  cent  of  phos- 
phorus— as  well  as  sombrerite  (a  mineral  met  with  on  the  American  island  of  Som- 
brero), consisting  of  phosphate  and  carbonate  of  lime,  and  imported  into  England  for 
the  manufacture  of  superphosphates ;  or  the  Navassa  guano,  also  imported  from  the 
United  States,  containing,  according  to  Ulex's  researches,  one-third  of  its  weight  of 
phosphoric  acid;  or  phosphate  of  iron,  as  proposed  by  Minary  and  Soudray, 
by  distilling  that  substance  with  previously  well-ignited  coke-powder. 

Bones,  as  used  by  the  manufacturers,  contain  : — 

In  dry  state,  but  not  ignited,  from  11  to  120  per  cent  of  phosphorus. 
As  bone-black  „     16  to  1 80    „    .  „      „        „ 

Asbone-ash  (white  burnt  bones)  „    20  to  255    „      „      „        „ 

The  composition  of  bone-ash  is  exhibited  by  the  following  results  of  analysis  :— 

I.  2. 

Carbonate  of  lime    1007  942 

Phosphate  of  magnesia 2*98  2*15 

Tribasic  phosphate  of  lime    83*07        8439 

Fluoride  of  calcium 3-88  405 

The  bone-ash  is  decomposed  by  means  of  sulphuric  acid,  according  to  a  plan  first 
suggested  by  Nicolas  and  Pelletier : — 

a.  Bone-ash.  CajfPO^^a       )     .  ,  ^    (Acid  phosphate  of  lime,  CaH4(P04)  a 
Sulphuric  acid,  2HaS04 )  ^^^^^  \  Sulphate  of  lune,  2CaS04. 

The  acid  phosphate  of  lime  is  heated  with  charcoal,  and  converted  by  loss  of  water 
into  metaphosphate  of  lime : — 
b.  Ca) 


^^  ^P04)a-2HaO=Ca(P03)^. 

, ^ , — ' 

Acid  phosphate  Metaphosphate 

of  lime.  of  lime. 
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Metapliosphate  of  lime.  ^Ca{PO^)z  i 
Charcoal,  loC  )• 


Tho  metaphosphate  of  lime  yields,  wLon  ignited  to  white-heat  with  charco<al>  two- 
tliirds  of  its  weight  of  phosphorus,  whUe  oiieUiird  remains  Ln  the  residue: 

/Tnbasic  phosphate  of  linie,  CaitPO^^t 
[  yield  4  Carbonic  oxide,  loCO 
t  Phosphorus,  4P. 

The  ordinary  mode  of  prepaiing  i>hosphoru3  includes  the  following  operations: — 
In  Bomo  instances  tlie  preparation  of  phosphorus  is  coteuiporaiy  with  other 
businesses,  viz,,  glue-boiling*  the  preparation  of  sal-ainmoniaCt  yellow  prussiate  of 
potash,  &c.,  but  generally  in  Eugltind  tJie  phoaphoms  makers  do  not  even  burn  tKe 
boms  to  ashes,  but  purchase  bone-ash  and  occasionally  apatite ;  tliis  salt,  however, 
is  very  difHcult  to  treat  with  sulphuric  acid»  and  is  also  objected  to  on  accoiuit  of  iU 
hardness,  for  it  has  to  be  ground  to  a  very  line  powder,  English  makers  only  carry 
out  these  four : — 

1.  Burning  the  bones  and  grinding  the  bona-ash  to  powder, 

2.  Decomposition  of  tlio  bone-ash  by  sulphuric  acid,  and  evaporation  of  tlio  acid 
phosphate  previously  mixed  witli  charcoal. 

3.  The  distillation  of  tlie  phosphorus. 

4.  Tho  reliniug  and  preservation  of  the  phosphorus, 
iiiirntofoftj© Dou*«      J    xij^2  boucs  to  be  uscd  for  phosphorus  making  are  obtained 

either  from  bone-boilei's  or  from  the  waste  bone4ilack  of  sugar-refiners.  The  aim 
of  the  Jgmtion  of  the  bones  is  the  complete  destrnction  of  tho  organic  matter.  The 
operation  is  conducted  in  a  kiln  very  similar  to  those  in  use  for  buniiug  lime.  A 
layer  of  brushwood  having  been  put  at  tlie  bottom  of  the  kiln,  bones  form  the  next 
stratum,  and  so  on  alternately.  The  wood  having  been  lighted,  the  combus- 
tion of  the  bones  ensues.  In  order  to  carry  ofl'  the  fumes,  tlie  smell  of  which  is  very 
oflfensive,  a  hood  made  of  boiler- pinto  ia  placed  on  Uie  kiln,  and  cither  connected  witli 
a  tall  chimney,  or  the  smoke  and  gases  are  conducted  into  the  lire  of  the  kiln  and 
burnt.  The  wliitc  burnt  bones  are  withdrawn  tli rough  nn  opening  reserved  in  the 
wall  on  purpose,  tlie  kiln  being  kept  continnoiLsly  in  operation,  as  is  the  case  wiUi 
some  lime -kilns, 

100  kilos,  of  fresh  buneg  yield  from  50  to  55  kilos,  of  white  bni-nt  bone-ash,  which 
is  converted  into  a  coarse  powder  by  means  of  machinery. 

D.comg,,u^ujji^^me  Dooo-A.li       3    j^  ^jQ^g  p£  ^^  bouc-ash,  of  which  about  So  per  cent 
18  tribmsic  i>hosphatc,  require  for  decomposition : — 

10673  kilos,  sulphuric  acid  of  1*52  sp.  gr, 

S$m      ,.  „  „     „   170  ,.    „ 

7363      .,  »  „     „   i'8o  „     „ 

Payen  advises  tliat  for  100  kilos,  of  bone-ash  100  parts  of  sulphuric  acid  at  50  per 
cent  or  I'^z  sp.  gr.  bo  taken,  Tlie  operation  of  mixing  the  acid  and  bone-ash  is 
cfTected  in  lead-Hned  wooden  tanks,  ctr  in  wooden  tubs  internally  coated  with  pitch  or 
coal-tar  asphaltc.  The  liquor  ilecanted  from  the  precipitate  has  a  sp,  gr.  of  105  to 
1^07  —  8°  to  10"  B,  The  sediment  is  lixiviated  with  water,  and  tho  liquor  obtained 
(—  5«  to  6*  B.)  evaporated  with  the  first  hquor  in  luadeu  pans.  A  second  lixiviatiou 
of  the  sediment  yiehls  a  fluid  which  is  used  instead  of  water  for  the  purpose  ofl 
dihiting  the  oil  of  vitriol.  The  evaporation  in  the  leaden  pans  (these  are  smaller,  but 
otherwise  timilar  in  construction  to  those  used  for  evaporating  sulphurio  acid)  U 
continued  until  the  lluid  has  attained  a  sp.  gr.  of  1*45  ^  45°  B.,  when  it  is  mixed 
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with  charcoal-powder,  or  rather  granulated  cliarcoal,  of  the  size  of  small  peas,  in  the 
proportion  of  20  to  25  parts  of  charcoal  to  100  of  liquor,  and  quickly  dried  after 
having  heen  put  into  cast-iron  pots  placed  on  a  furnace. 

The  dry  mass  consists  of  phosphate  of  lime,  carbon,  and  water,  to  an  amount  of 
5  to  6  per  cent.  At  the  commencement  of  the  manufacture  of  phosphorus  the  idea 
prevailed  that  in  the  preceding  preparation  the  phosphoric  acid  was  present  in  free 
state,  while  the  lime  had  combined  with  sulphuric  acid;  but  Fourcroy  and  Vau- 
quelin  finding  that  the  tri-basic  phosphate  of  lime  as  met  with  in  bone-ash 
(Ca3{P04)a)  was.  by  tlie  action  of  the  sulphuric  acid,  converted  into  acid  phos- 
phate of  lime  (CaH4(P04)2),  supposed  that  more  sulphuric  acid  was  required, 
an  opinion  opposed  by  Javal,  who  proved  that  when  pure  phosphoric  acid  is  inti- 
mately mixed  with  carbon,  it  yields  only  a  small  quantity  of  phosphorus,  because  the 
acid  is  volatilised  at  a  temperature  lower  than  that  required  for  its  decomposition,  or 
rather  reduction  by  carbon.  Owing  to  the  presence  of  water  in  tlie  mixture,  there  is 
given  off  during  the  distillation  in  addition  to  oxide  of  carbon,  carburetted  and 
phosphuretted  hydrogen. 

DistuiaUonofPhoiphonu.  3.  Tho  mixturo  of  acid  phospliato  of  lime  and  charcoal  ii 
distilled  in  £re-clay  retorts  similar  in  shape  to  those  used  for  distilling  Nordhausen 
sulphuric  acid,  while  the  furnace  in  which  these  retorts  are  placed  is  also  sbnilar  in 
construction  and  holds  twelve  retorts  on  each  side.  The  body  of  the  retorts  is 
placed  on  the  side  of  the  fire,  while  the  neck  passes  tlirough  an  opening  in  tho  wall 
of  the  furnace,  that  portion  of  the  wall  being  only  lightly  bricked  up,  as  the  retorts, 
after  the  distillation  is  finished  and  the  furnace  cooled,  have  to  be  removed,  in  order  to 
clear  out  the  residue  and  introduce  fresh  mixture.  Between  each  pair  of  retorts  is  left 
a  space  of  some  12  to  15  centims.,  in  order  to  afford  room  for  the  passage  of  the  flame. 
As  already  mentioned,  the  heat  causes  the  acid  phosphate  of  lime  (CaH4(P04)a),to  be 
converted  into  metaphosphate  of  calcium  (Ca(P03)2),  which,  with  increased  heat, 
gives  off  two- thirds  of  its  phosphorus,  there  being  left  in  the  retorts  one-third  in  the 
shape  of  tri-phosphate  of  calcium  (Ca3(P04)3).  The  receivers  used  in  Germany  are 
constructed  in  the  following  manner : — The  material  is  clay,  glazed.  Tlic  receiver 
consists  of  two  parts,  one  of  which  is  a  cylindrical  vessel  open  at  the  top,  into 
wliich  the  other  part  fits,  and  is  fixed  by  means  of  a  rim  which  is  prolonged  so  as  to 
form  a  neck,  between  wliich  and  tlie  first  part  is  inserted  a  tube  fitted  on  tho  neck  of 
the  retort,  wliile  the  other  end  of  this  tube  dips  for  about  10  centims.  into  the 
receiver,  the  latter  being  filled  with  water.  Into  each  retort  6  to  9  kilos,  of  the 
mixture  intended  to  be  operated  upon  arc  introduced ;  the  retorts  are  tlien  placed  in 
tlie  furnace  and  the  brickwork  is  restored.  This  having  been  done,  the  fire  is 
kindled  and  kept  up  very  gently  for  some  time  in  order  to  dry  the  fire-clay  used  in 
joining  tlie  bricks.  The  receivers  are  filled  with  water  and  fitted  to  the  retorts. 
In  each  receiver  a  small  iron  spoon  is  placed  fastened  'to  an  iron  wire  which  serves 
as  a  stem.  After  six  to  eight  hours'  firing  the  heat  has  been  so  much  increased  as  to 
cause  the  expulsion  of  any  moisture  left  in  the  material  placed  in  tho  retorts,  while 
quantities  of  hydrocarbon  gases  and  oxide  of  carbon  are  formed  and  with 
6ulx)hurous  acid  expelled.  Subsequently  other  gases  are  given  off,  and  because  they 
contain  some  phosphuretted  hydrogen  are  spontaneously  inflammable.  As  soon  as 
this  phenomenon  is  observed,  the  joints  of  tlie  receivers  and  apparatus  connecting  it 
witli  the  retort  are  luted  with  clay,  care  being  taken  to  leave  by  the  insertion  of  an 
iron  wire  a  small  opening  for  tlie  escape  of  the  gases,  which  are  as  speedily  qm 
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possible  removed  by  well-arranf^ed  ventilators  from  tlie  building  in   which   Uio 
furnace  is  placed.     Tiie  appearance  of  amorphous  phosphorus  at  the  small  opening 
indicates  the  commencement  of  tlie  distillation.    The  spoon  is  then  pkced  in  tlie 
roceirer  in  such  a  direction  that  any  phosphorus  coming  over  may  collect  iu  it. 
During  the  prof^ess  of  the  operation,  and  as  long  as  any  phosphorus  distils  over, 
the  evolution  of  combusiible  gases  continues,  and  consequently  a  small  blue-coloured 
flame  is  observed  at  tlie    opening  in   the  lute.      The  water  in  the  receivers  is 
kept  cool  during  tJie  operation.   After  forty-six  horn's,  with  a  greatly  increased  firing,! 
a  fall  white-heat  is  reached,    and  the  quantity  of  phosphorus  coming  over  hat  i 
decreased  so  much  as  to  make  a  continuation  of  the  ignition  process  wasteful.    The 
receivers  are  therefore  diseomiected  from  the  retorts,  and  the  crude  phosphorus,  a 
mixture  of  silicide  of  phosphorus,  carburet  of  phosphorus,  amorphous  phosphorus,  and 
other  allotropic  modifications  of  tlii.s  element,  is  poured  into  a  tub  containing  water. 
The  furnace  having  beeome  cool  is  broken  up  and  the  retorts  are  removed,  the  con- 
tents taken  out  ivith  an  iron  spatula,  and  the  retorts  replaced  after  tiaving  been 
re-filled  with  fresh  mixture.     loo  kilos,  of  tlic  mixture  yield  about  I4'5  kUos.    of . 
crude  and  iz'6  kilos,  of  refined  phosphorus.    As  to  Wohler'e  method  of  preparingj 
phosphorus  hy  the  ignition  of  a  mixture  of  charcoal*  sand,  and  bone-aah,  the  process 
is  not  well  adapted  for  practical  use,  because  it  requires  a  very  high  temperature. 


Fio.  257. 


Fio»  asS, 


Fig.  259. 
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which  would  melt,  or  nearly  so,  and  at  any  rate  soften,  the  retorts.  ^Moreover,  tho 
proposed  mixture  contains  only  one-third  tlie  quantity  of  phosplioric  acid  met  with 
in  the  mixture  now  in  general  use. 
^tb^KSSbSSr^'  4  *^^  already  stated,  the  crude  phoaplionis  is  contiumnat^d 
with  carbon,  silicium,  red  and  black  phosphorus,  and  various  other  impurities,  which 
in  furmcr  days  were  eliminated  by  forcing  the  phosphorus  through  the  pores  of  stonfc 
wushleatht  r  by  means  of  a  machine  exhibited  in  Fig.  257,  c  representing  a  tightly- 
tied  piece  of  wash-leatlier  containing  Uie  crado  phosphorus,  tlie  baj^  being  phused  oa  i 
a  perforated  copper  support,  situated  in  a  vessel  filled  with  water  at  50"*  to  60*.  Ai 
soon  as  tlie  phosphorus  is  molten,  there  is  pkced  on  tlie  wash-leather  a  woodeii 
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plate,  D  D,  which  by  the  aid  of  the  mechanical  arrangement  k,  and  the  lever,  o  o,  can 
be  forced  downwards  so  as  to  cause  the  fluid  phosphorus  to  pass  through  the  pores  of 
the  leather,  the  impurities  being  retained.  More  recently  French  manufacturers 
have  introduced  another  system  of  purifying  phosphorus,  viz. :— a.  By  filtration 
through  coarsely-powdered  charcoal,  which  is  placed  in  a  layer  of  6  to  10  centims.  on  a 
perforated  plate  of  the  vessel  a,  Fig.  258,  two-thirds  filled  with  water,  kept  by  means  of 
the  water-bath,  b,  at  a  temperature  of  60".  The  molten  phosphorus  placed  on  a  passes 
through  the  layer  of  charcoal,  and  is  thereby  purified.  It  flows  through  the  open 
tap  c  and  the  tube  e,  being  collected  in  the  vessel  f  filled  with  water,  maintained  by 
means  of  ihe  water-bath,  o,  at  a  temperature  sufficiently  high  to  render  the  phos- 
phorus fluid,  so  that  it  may,  when  aided  by  hydraulic  pressure,  pass  through  the 
perforated  bottom,  h,  and  the  wash-leather  spread  over  it.  The  filtered  phosphorus 
may  be  run  off  by  means  of  the  tap  j. 

According  to  another  process  of  purification  (2>),  porous,  unglazed  porcelain  or 
earthenware  plates  are  fixed  in  an  iron  cylinder  connected  with  a  steam-boiler.  The 
steam  yielded  by  the  latter  forces  the  molten  phosphorus — ^previously  mixed  with 
charcoal  powder  for  the  purpose  of  preventing  the  pores  of  the  plates  becoming 
choked — through  the  earthenware  plates.  The  charcoal  containing  some  phosphorus 
is  used  in  the  distillation  of  the  phosphorus.  This  method  of  purification 
yields  from  100  kilos,  of  crude,  95  kilos,  of  refined,  phosphorus.  In  Germany  crude 
phosphorus  is  purified  by  distillation,  this  operation  being  carried  on  in  iron  retorts 
of  a  peculiar  make  and  shaped  like  the  glass  retorts  used  in  chemical  laboratories. 
The  neck  of  these  retorts  dips  for  a  depth  of  15  to  20  millimetres  in  water  contained 
in  a  basin  filled  to  the  nm,  so  that  any  phosphorus  which  is  discharged  into  this 
water  causes  it  to  overflow.  The  crude  phosphorus  having  been  fused  under  water 
is  next  mixed  with  12  to  15  per  cent  of  its  weight  of  moist  sand,  and  this  mixture  is 
placed  in  the  retorts  in  quantities  of  5  to  6  kilos.,  the  object  of  the  mixing  with  sand 
being  to  prevent  the  phosphorus  becoming  ignited  during  the  filling  of  the  retorts. 
Crude  anhydrous  phosphorus  yields  by  this  process  of  distillation  about  90  per  cent 
of  the  refined  product.  In  a  phosphorus  manufactory  at  Paris  the  crude  phosphorus 
is  purified  by  chemical  means,  viz.,  by  mixing  with  100  kilos,  of  the  crude  substance 
3'5  kilos,  of  sulphuric  acid  and  the  same  quantity  of  bichromate  of  potash;  a  slight 
efiervescence  ensues,  but  the  result  is  that  the  phosphorus  is  rendered  very  pure,  and 
may,  after  washing  with  water,  be  at  once  cast  in  the  shape  of  sticks.  The  yield  of 
refined  phosphorus  by  this  process  is  96  per  cent. 

^''"'pbiip'hJrS*''**  I*  ^^s  long  been  the  custom  to  mould  phosphorus  into  the  sliape 
of  sticks  formed  by  the  aid  of  a  glass  tube  open  at  both  ends,  one  of  these  being  placed 
in  molten  phosphorus  covered  by  a  stratum  of  warm  water.  Tlie  liquid  phosphorus 
is  sucked  by  the  operator  into  the  tube  until  it  is  quite  filled.  Tlio  lower  opening  of 
the  tube  being  kept  under  water  is  closed  by  the  finger  of  the  operator ;  tlic  tube  is 
instantly  transferred  to  a  vessel  filled  with  very  cold  water,  by  wliich  the  phosphorus 
is  solidified.  It  is  removed  from  the  glass  tube  by  pushing  it  out  with  a  glass  rod  or 
iron  wire  while  being  held  under  water.  Instead  of  suction  by  the  mouth,  a 
caoutchouc  bag  similar  to  that  used  in  volumetric  analysis  for  the  purpose  of  sucking 
liquids  into  pipettes  may  be  employed.  In  tlie  French  phosphorus  works  tlie  glass 
tubes  are  fitted  at  the  top  with  an  iron  suction  tube  provided  with  a  stop-cock.  The 
operator,  who  has  from  one  to  two  tliousand  of  these  tubes  at  his  disposal,  sucks, 
either  by  mouth  or  with  a  caoutchouc  bag,  the  molten  phosphorus  into  the  glass  tube, 
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and  havicg  turned  olf  the  stopcock,  rnpidly  transfers  tho  tube  to  a  vessel  filled  with 
cold  water.  When  all  the  tubes  are  filled  the  phasphoma  is  remored  by  opening  the 
stop -cock  and  puaUing  the  stick  out  by  the  aid  of  a  wire,  A  clever  workman  mfty 
mould  in  this  way  2  cwts,  of  pliosphorus  daily. 

Another  mode  of  perfomiing  the  moulding  hfts  been  introduced  by  Seubert.  The 
apparatus  coutnvt»d  by  him  fur  this  purpose  is  exhibited  in  Fig.  260,  and  consists  of 
a  copper  boiler  fitted  on  a  furnace :  to  the  flat  bottom  of  tliis  boiler  is  fast^^ncd  by 
hard  suldcr  an  open  copper  trough  communicating  with  the  water-tank,  c.  In  the 
boiler  is  fitted  a  copper  fimnel,  a,  provided  witli  a  horizontal  tube,  n»  This  portion 
of  the  apparatus  is  intended  for  the  reception  of  the  phosphorus,  of  which  it  will 
hold  8  to  10  kOoa.  At  tlie  end  of  the  horizontal  tube,  b,  is  placed  a  slop-cock,  H, 
while  tlie  portion  of  the  projecting  mouth  of  the  tube  beyond  the  cock  is  widened 
out  and  fitted  by  means  of  bolts  and  nuts  with  a  ilangc-like  copper  plate*  into  which  ftro 
inserted  two  glass  tubes,  a  a.  Into  the  copper  trough  is  let  a  wooden  partition,  e  e, 
which  serves  tho  purpose  a^  well  of  supporting  the  glass  tubes  as  of  preventing 
tho  communication  of  the  hot  water  in  the  boiler  and  a  x>ortion  of  the  trough 
with  tlie  cold  water  of  tho  tank  and  the  portion  of  trough  nearest   la  it.     Tho 

Fio.  260. 


vcsaei  A  having  been  filled  with  refined  phosphorus,  the  water  in  d  is  gently  i;**armcd 
so  as  to  cause  the  fusion  of  the  phosphorus.  As  the  warm  water  reaches  to  the 
partition*  c  r.  it  is  clear  tliat  on  opening  and  do  sing  the  tap  B,  some  phosphorus  will 
pass  through  and  tlow  out  of  the  tubes  a  a,  but  that  remaining  in  these  tnl»es  will 
Bolidily,  and  on  openitig  tlie  tap  n  ngniu  the  solid  sticks  of  phosphorus  may  b<l'i 
removed  from  the  glass  tubes  by  taking  hold  of  the  piece  of  projecting  phosphoma 
the  pluisphorus  being  immediately  immersed  under  water  in  the  tank  c,  and  kep: 
there  protected  from  the  action  of  tho  light.  While,  according  to  Seubert,  it  would 
be  possible  for  a  workman  to  moiUd  in  an  hour's  time  30  to  40  kilos,  of  phosphoms. 
Fleck  has  found,  that  under  tlie  most  favourable  conditions  of  temperature,  it  takes , 
six  hours  to  mould  50  kilos,  of  phosphorus.  If  it  is  desired  to  prepare  granulated 
phosphorus  with  tliis  apparatus,  a  stratum  of  6  lo  8  centims.  thiclcness  of  hot  water  is 
bO  carefully  poured  on  cold  water  as  not  to  mix  ;  next  the  tap  b  is  opened  suilkieutly 
to  cause  the  phosphorus  to  form  drops,  which,  immediately  on  faUing  into  the  col  I 
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water,  becomes  a  hard  solid  mass.  For  practical  purposes  granulated  phosphorus  is 
preferable  to  the  moulded  sticks.  The  phosphorus  is  stored  either  in  strong  sheet- 
iron  tanks  or  in  wooden  boxes  lined  with  thinner  (tinned)  sheet-iron,  these  vessels 
being  capable  of  holding  6  cwts.  of  phosphorus  covered  with  a  stratum  of  water  fully 
3  centims.  deep.  When  large  quantities,  say,  from  i  to  5  cwts.,  of  phosphorus  have 
to  be  sent  off,  it  is  usually  packed  in  water  in  small  wine  casks,  and  the  casks  having 
been  tightly  closed,  are  coated  externally  with  molten  pit<jh,  then  rolled  through 
chaff,  and  lastly  covered  \N-ith  stout  canvas  sewed  tightly  round  the  cask.  Another 
method  of  packing  phosphorus  consists  in  placing  it  in  well-made  water-tight  sheet- 
iron  or  tinned  iron  canisters,  such  as  are  largely  used  in  London  for  the  purpose 
more  particularly  of  conveying  oil  paints,  and  which  are  closed  by  soldering  on  a  lid 
very  securely.  In  some  cases  these  canisters  are  packed  in  wooden  boxes  to  the 
number  of  six  or  twelve  according  to  size  and  weight. 

°pJJpS2?Pho^hJ^°'  Among  the  many  suggestions  as  to  the  preparation  of  phos- 
phorus, we  may  mention  Donovan's  plan  of  obtaining  this  element  by  the  calcination 
of  a  mixture  of  finely  divided  charcoal  and  phosphate  of  lead,  prepared  by 
digesting  10  kilos,  of  brokcn-up  bones  with  6  kilos,  of  nitric  acid,  and  40  litres 
of  water ;  this  liquid,  after  having  been  decanted  from  tlie  gelatinous  material  of  the 
bones,  is  treated  with  a  solution  of  8  kilos,  of  acetate  of  lead.  Tlie  washed  and 
dried  precipitate  of  phosphate  of  lead  is  next  ignited,  and  afterwards,  when  cold, 
mixed  with  one-sixth  of  its  weight  of  lamp-black  or  charcoal  powder.  Cari-Mon- 
trand  exposes  a  mixture  of  bone-ash  and  csirbonaceous  matter  at  red  heat  to  the 
action  of  hydrochloric  acid  gas : — 

)  [Phosphorus,  Pj 

Chloride  of  calcium,  3CaCl 
Hydrogen,  sHa 


Calcium  tri-phosphate,  Ca3(P04)a 
Carbon,  8C 
Hydrochloric  acid,  6C1H 


•yield 


\  Carbonic  oxide  gas,  SCO 
Neither  of  these  methods  have  been  tried  practically  on  the  large  scale. 
Fleck's  ProccBB.  By  this  metliod  the  preparation  of  phosphorus  is  allied  to  that  of 
glue-  and  size-making.  The  process  is  based  upon  the  solubility  of  phosphate  of 
lime  in  hydrochloric  acid,  and  the  separation  of  an  acid  phosphate  of  lime  on  tlie 
evaporation  of  the  solution,  carried  on  in  earthenware  evaporating  basins.  Theo- 
retically, 156  parts  of  tribasic  phosphate  of  lime  (Ca3(P04)2)  require  73  parts  of 
anhydrous  hydrochloric  acid,  whereby  are  formed — of  chloride  of  calcium,  1 1 1 ;  of 
acid  phosphate,  100 ;  and  of  water,  18  parts.  By  the  ignition  of  100  parts  of  acid 
phosphate  of  lime  with  20  parts  of  carbon,  are  generated — of  phosphorus,  21  3; 
of  tri-phosphate  of  lime,  52 ;  and  of  oxide  of  carbon.  467  parts. 

By  re-heating  the  tri-phosphate  of  lime  remaining  in  tlie  retorts  witli  hydro- 
chloric acid  another  portion  of  acid  phosphate  of  lime  might  be  obtained ;  and  as  far 
as  experiments  have  been  made,  it  is  proved  that  it  is  possible  to  extract  all  the 
phosphorus  contained  in  bones,  by  working  with  hydrochloric  acid  free  from 
sulphuric  acid,  and  carefully  evaporating  the  acid  solution  tlius  obtained.  Practi- 
cally the  process  includes  the  following  operations: — i.  Cleaning,  breaking  up,  and 
exhausting  tlie  bones.  2.  The  evaporation  of  the  acid  liquid  ;  crystallisation  of  tlie 
acid  phosphate,  and  mixing  of  the  latter  with  charcoal.  3.  The  distillation  and  purifi- 
cation of  the  phosphorus ;  and  finally, — 4.  The  glue  boiling.  The  bones,  previously 
crushed  and  deprived  by  boiling  of  the  fat  they  contain,  are  macerated  in  dilute  hydro- 
chloric acid  at  7"  B.=sp.gr.  1048,  and  then  in  a  stronger  acid  at  30°  B.=sp.  gr.  1*246, 
in  which  the  bones  are  left  until  tliey  have  become  quite  soft.    The  liquid  which  has 


d44 


CHEMICAL  TECSNOLOQY. 


served  Uiis  purpose  is  afterwards  employed  with  water  in  preparing  the  first  acid 
lii|Uor  for  the  exhausting  of  the  bones.  The  first  liquor,  a  solution  of  acid 
phosphate  of  lime  (superphosphale)  and  chloride  of  ealcium,  obtains  a  sp.  gr,  of 
1*118—16"  B.  This  acid  liquid  is  evaporated,  hut  tliis  operation  cannot  be  pro- 
ceeded with  in  leaden  vessels,  and  there  is  some  difficulty  in  finding  very  large 
ernporatbg  basins  made  of  porcelain  or  earthenware  which  will  answer  tho 
pwrpme.  As  soon  as  the  liquor  has  reached  a  density  of  30^  B  =  gp.  ^r.  i"246,  it  is 
BttfficienLly  concentrated  to  crystallise ;  on  coohn;;:,  the  ciystiils,  having  been  by 
means  of  pressure  separated  from  the  niother-liquor,  are  mixed  with  one-fourtii 
of  tlieir  weight  of  charcoal  powder*  They  are  tlien  healed  to  100*  in  the  porcekin 
or  cortlienwaro  vessels,  so  as  to  obtain  a  dry  mass  which  admits  of  being  sifted 
through  a  copper-wire  gaU;so  siove»  after  whicli  tlie  material  is  put  into  peculiarly 
shaped  retorts  and  calcined  for  tlie  pui-pose  of  yielding  phosphorus.  Tiie  residue 
left  in  the  retorts  is  aftonviurds  calcined  with  access  of  air  so  as  to  bum  off  the 
charcoal,  and  the  remaining  phosphate  of  lime  is  again  treated  with  strong  hydro- 
chloric acid,  yielding  a  concentrated  liquor  wMch  does  not  require  much  evaporation. 
The  phosphorus  obtained  hy  this  process  is  refined  as  already  described,  tlw 
softened  bones  being  treated  for  glue  and  size. 

onkiKo«ri«&d.Minjir7.         According  to   a  communication  published  by  Gentele  in 
FivpAdug  ptuMpbom*.        1857,   upon    a    plan  of  phosphorus  manufacture,  he    com- 
bines that  industry  with  the  preparation  of  sal -ammoniac.    The  bones  are  treated 
wiUi  hydrochloric  acid.    To  the  resulting  solution  crude  carbonate  of  ammonia  la  j 
added ;  this  substance  being  obtained  as  a  by-product  of  the  manufacture  of  animal  1 
charcoal.     The  phosphate  of  lime  precipitated  is  employed  in  tlie  preparation  of  j 
phosphorus,  while  the  solution  of  cWoride  of  ammomum  is  evaporated  and  sublimed. 
Gerland  (1364)  suggests  the  treatment  of  bones — first,  with  an  aqueous  solution  of 
sulphurous  acid,  the  heating  of  the  liquor  obtained  with  the  view  of  expelling  the 
acid,  wliich  being  again  absorbed  by  a  layer  of  coke  (a  coke  column  such  as  used  in 
alkali  works  to  absorb  hydrochloric  acid),  the  phosi>hatcB  first  held  in  sululiou  are 
precipitated  by  the  elimination  of  the  sulphurous  acid.     ^linai*y  and  Soudr)''  ^1865) 
proposed  to  prepare  phosphorus  from  a  mixture  consisting  of  phosphate  of  iron  and 
well-ignited  coke* 

propertiw  of  pbrxtphofufc  When  perfectly  pure  and  kept  under  distilled  water,  which 
previously  Ui  being  employed  for  this  purpose  baa  been  by  boiling  deprived  of  the 
air  it  held  in  solution,  and  has  been  cooled  either  under  a  layer  of  oil  or  in 
ivcll-stoppered  bottles,  and  in  perfect  darkness,  phosphorus  is  a  colourless  and  trans- 
parent  subatiince ;  but  usually  it  has  a  white -yellow  colour  and  waxy  appearance. 
Its  sp.  gr.  is  =  I'Sj  to  1  84,  "When  the  temperature  of  llie  air  is  not  too  b*w 
this  element  is  as  soft  m  wax.  bnt  becomes  brittle  in  cold  weather.  Phosphorus 
cannot  be  pulverised  ;  is  tough  ;  but  when  molten  in  a  bottle  under  wann  water  and 
shaken  until  the  fiuid  is  quite  cold,  the  substance  is  thereby  reduced  to  a  finely 
divided  state  ;  instead  of  water  it  is  better  to  use  either  alcohol,  urine,  or  a  weak 
arjueous  solution  of  urea.  Phosphorus  fuses  at  44°  to  45°,  and  remains,  especially  if 
Ivcpt  under  an  alkaline  solution,  fluid  for  a  considerable  time  tliough  cooled  far  below 
its  melting-point,  but  soHdifies  suddenly  when  touched  by  a  solid  body.  At  290'' 
phosphorus  Iwils,  and  it  evaporates  sensibly  at  the  ordinary  temperature  of  tlie  air. 
By  slow  oxidation  (fumes  of  phosphorus  are  given  olT  at  the  ordinary  temperaturo  of 
tho  air)  tlicre  is  formed  not  only  phosphorous  acid  but  nitrate  of  ammonia  and 
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imtozone.  Phosphorus  is  in  the  state  of  vapour  slightly  solable  £a  water.  The  solid 
element  itself  is  slightly  soluble  m  akoliol  and  elher^  also  iii  linseed  oil  and  oil  of 
tuqjentioe,  tlte  best  solvents  being  enlphide  ot  carbon,  diloride  of  sidphur,  and 
chloride  of  phosphorus.  At  75^  phosphorns  ignites  in  contact  vvitli  air,  and  in  order 
to  ignite  it  by  friction  tliis  temperature  has  to  be  reached.  Amorphotia  or  red 
phosphorus  requires  a  veir  hj;jfh  ternperature  (300^1  for  igmtion.  ConuaerciaJ 
I>hosphorus  usually  contains  some  impurities,  sucli  as  sulphur,  arsenic,  and  sometimes 
traces  of  calcium,  due  to  the  Hme  of  tlie  bone-ash  used  in  tlie  preparation.  Beside 
being  used  in  cliemistry,  phosphorus  is  chiefly  employed  in  tlie  making  of  matches  ; 
aJao  for  what  is  termed  lii|uid  fire  (a  solution  of  phosphorus  in  sulphide  of  carbon),  for 
the  preparation  of  tar  colours,  and  for  hardening  some  copper  alloys. 

AmorpiKmi  or  Bed  pbovphorai.  Dr.  Sclirbtter,  of  Vienna,  discovered  in  1848  that  the 
property  possessed  by  orduiary  phosphorus  (first  noticed  in  1S44  ^J  E,  Kopp) 
of  becoming  coloured  red  by  the  action  of  light,  was  due  to  the  formation  of  an 
allotropic  modification,  wliich  has  been  since  termed  red  or  amorphous  phosphorus. 
This  is  best  prepared  by  heating  ordinary  phosphorus,  with  exclusion  of  air  and 
water,  in  a  closed  vessel  and  imder  pressure,  to  250"  for  a  length  of  time.  On  the 
large  scale  this  operation  is  conducted  in  an  apparatus  invented  by  A.  Albright,  of 
Birmingham.  In  Fig.  261,  g  represents  a  glass  or  porcelain  vessel,  filled  for 
five-Bixths  of  its  capacity  witli  pieces  of  phosphorus  to  be  heated  to  230*  to  250°. 
The  vessel /is  placed  in  a  sand-bath,  h,  healetl  by  the  tire.  To  the  vessel  tf  is  fitted 
an  air-tight  lid,  into  which  is  fastened  tlie  bent  tube,  i,  provided  with  a  tap,  Ar,  and 
dipping  into  the  vessel  w,  wliich  is  filled  with  water,  or  preferably  witli  mercury 
covered  with  a  layer  of  water.  The  tap,  k^  is  left  open  at  the  commencement  of  the 
operation  for  securing  tlie  escape  of  the  air  contained  in  <7,  and  as  soon  as  no  more 
air  escapes  the  tap  is  closed,  and 
the  heat  increased  so  as  to  con- 
vert the  ordiiiary  into  amorphous 
phosphorus.  The  time  required  for 
the  operation  depends  upon  con- 
ditions which  can  only  be  met  by 
experience.  After  the  thorough 
cooling  of  tlie  apparatus,  the  vessel 
tj  is  opened,  and  the  red  phos- 
phorus removed.  It  is  then  placed 
under  water  and  cruslied  to  a  pulp 
in  order  to  remove  any  uncon- 
verted ordinary  pliospliorus.  Sul- 
phide of  carbon  might  be  used  for 
tills  purpose,  but  the  danger  of 
ignition  (by  accident)  of  the  solu- 
tion  of  ordinary  phosphorus  thus 
obtained  is  prohibitive,  Nickl^a  proposes  to  separate  ordinary  from  amorphous 
phosphorus  by  shaking  up  the  mixture  of  amorfihous  and  ordinary  phosphorus  with 
a  fluid,  the  specific  gravity  of  which  is  less  than  that  of  amorphous  phosphorus  (3*1), 
and  greater  than  that  of  ordinary  phosphorus  (184).  A  solution  of  chloride  of  cal- 
cium at  38"*  to  40-  B,  can  be  used  for  this  purpose  ;  the  ordinary  phosphorus  floats  in 
this  fluid  and  can  then  be  readily  taken  up  by  solpludc  of  carbon,  while  the  operation 
36 
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can  be  carried  on  in  a  closed  vesseL    Wlien  very  large  quantities  of  amorplioni 
phosphorus  have  to  bo  purified  it  is  best  to  follow  Coignet's  plan,  consisting 
treating  the  boiling  mixture  of  the  two  varielios  of  phospliorus  mth  caustio  so 
solutioUt  whereby  tlie  ordinary  phosphorus  is  converUnl  into  phosphuretted  liydrogen ' 
gas  and  hypophospliite  of  8oda  is  formed,  the  remaining  amorphous  phosphorus 
being  purified  by  washing  with  water,     E.  Botlger  suggests  llie  use  of  a  solution  of 
sulphate  of  copper,  wliich  witli  ordinai-y  phosphorus  fonxis  j^hosphuret  of  copper, 

'*^'^bJSi*>oira*^***"'*  '^^^^^  substance  occurs  either  in  powder  of  a  red  or  scarlet 
colour  or  in  lumps  of  a  rod*browu  Ime;  fracture  conchoidal,  sometimes  with  an 
iroU'black  hue;  sp,  gr,  =  2*1.  Amorphous  pliosphorus  is  not  soluble  in  sulphide 
of  carbon  or  other  solvents  of  ordinary  phospborus.  It  is  unaltered  by  exposure  to 
air;  and  when  heated  to  290^  is  re-converted  into  ordinary  phosphorus.  When 
mixed  and  rubbed  wiUi  dr}*  bichromate  of  potash  red  phosphorus  does  not  explode, 
and  when  mixed  with  nitre  it  does  not  bum  off  by  friction,  but  only  by  application 
of  heat  and  then  noiselessly.  It  explodes,  however,  when  mixed  with  chlorate 
of  potash.  With  peroxide  of  lead  amorphous  phosphorus  ignites  by  friction  witli  a 
slight  explosion,  but  when  heat  is  also  applied  a  violent  explosion  ensues. 

Owing  to  its  properties  and  behaviour  with  several  oxides,  moreover  its  non-vola* 
tthty  and  non-poisonous  properties,  amorphous  phosphorus  is,  as  well  as  on  aceoojit 
of  its  less  ready  ignition,  an  excellent  material  for  the  making  of  matches ;  but 
amorphous  phosphorus  is  not  in  general  use  for  tliis  purpose.  It  is,  however,  used 
for  preparing  iodide  of  phosphorus,  which  serves  for  the  preparation  of  iodides 
of  amyl,  ethyl,  and  metliyl,  used  in  the  manufacture  of  cyanin,  ethyl  violet,  and 
other  coal-tar  colours.  Sir  William  Armstrong's  explosive  mixture  for  shells 
contains  amorphous  phosphorus  and  chlorate  of  potasli.  From  66,000  cwts.  of  bones 
there  are  annually  prepared  in  Europe  some  5500  cwts.  of  phosphorus. 


HEQUisiTEa  FOB  PjtoncciMd  FlE£. 

ocntnoiUM uid BitfUHry.  According  to  tlie  writings  of  (he  ancients,  Prometheus  drew' 
fire  from  stones  by  their  concussion.  The  Romans  rubbed  togetlier  two  pieces  of 
hard  wood  for  producing  by  friction  sufficient  heat  to  ignite  dry  leaves  fallen  from 
trees  ;  while  Darwin  and  the  Prince  of  Neuwied  state  tliat  the  uncivilised  races  of 
man  obtained  fire  by  the  rapid  rotation  of  two  pieces  of  wood.  Turners  at  the  pr^ 
sent  day  employ  friction  in  the  carbonisation  of  wood  for  ornamental  purpose^ 
During  Titus  s  reign  the  Romans  obtained  fir©  by  rubbing  decayed  wood  betwe 
two  atones,  along  with  a  small  thin  roll  of  sulphur.  In  tlie  fourteentli  century,  the 
tinder 'box,  with  tlic  flint  and  steel,  became  known,  and  also  Uie  eocalled  German 
tinder,  a  prepared  ciyptogamic  plant.  Till  1820  these  remained  generally  tlie 
chief  means  of  obtaining  fire,  aided,  of  course,  by  tlie  wooden  splints  tipped  with 
sulphur. 

In  the  year  18^3,  Dobereiner,  at  Jena,  discovered  Uiat  finely  divided  spong 
platinuni  has  the  property  of  igniting  a  mixture  of  atmospheric  air  and  hydr 
gas,  and  he  contrived  the  so-called  Dobereiner  hydrogen  lamp,  which  has  beeo^  and 
is  still,  occasionally  employed  to  procure  fire  and  hght.  About  tlie  same  period 
tliero  was  invented  a  kind  of  phosphorus  match  of  tlio  following  arrangemoiL 
Equal  parts  of  sulphur  and  phosphorus  were  cautiously  fused  in  a  glass  tube ;  after 
tlie  fusion  was  completed  the  tube  was  tightly  corked.    If  it  were  desired  to  obtain 
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fire,  a  thin  splint  of  wood  was  immersed  in  this  mixture,  and  some  of  it  having  been 
fixed  to  the  wood,  the  latter  on  being  brought  into  the  air  became  ignited  by 
the  combustion  of  the  mixed  substances,  which  took  fire  spontaneously  in  the  air. 
It  is  evident  that  this  ratlier  clumsy  contrivance  never  became  general.  Of  far 
more  importance  as  suited  for  practical  purposes  were  the  chemical  matches  or  dip 
splints,  first  manufactured  at  Vienna,  as  early  as  1812.  These  splints  were  tipped 
with  sulphur  covered  with  a  mixture  of  clilorate  of  potash  and  sugar,  to  which 
for  the  purpose  of  imparting  colour  was  added  some  vermillion,  while  a  little 
glue  gave  a  pasty  and  adhesive  consistency. 

By  touching  this  composition  with  concentrated  sulphuric  acid  ignition  ensued ; 
the  acid  was  kept  in  a  small  glass  or  leaden  bottle  into  which  some  asbestos  had 
been  inserted,  which  acted  as  a  sponge  for  the  acid.  The  only  friction  matches 
known  up  to  the  year  1844  were  discovered  and  made  by  M.  Chancel,  assistant  to 
the  well-known  Professor  Thenard  of  Paris,  1805.  The  Prometheans,  first  made  in 
England  in  or  about  the  year  1830,  were  contrived  on  the  same  principle,  viz.,  the 
ignition  by  friction  between  two  hard  substances  of  a  mixture  of  chlorate  of  potash 
and  sugar  fixed  to  a  kind  of  paper  cigarette,  which  contained  also  a  small  glass 
globule  filled  with  sulphuric  acid ;  however,  the  high  price  of  this  kind  of  match 
prevented  its  general  use.  Under  the  name  of  Congreves  the  first  real  friction 
matches  were  made  in  1832.  On  the  sulphur-tipped  splints  was  glued  a  small  . 
quantity  of  a  mixture  of  i  part  of  chlorate  of  potash  and  2  parts  of  black  sulphuret  of 
antimony,  to  which  some  gum  or  glue  was  added.  By  strongly  pressing  this  compo- 
sition between  two  pieces  of  sand-paper  the  mixture  became  ignited,  but  frequently 
also  on  becoming  detached  from  tlie  wooden  splint  flew  about  in  all  directions  witli- 
out  igniting  the  sulphur  or  the  wood.  It  is  not  well  known  who  was  the  first  to 
substitute  phosphorus  for  sulphuret  of  antimony;  but  according  to  Nickl^s  phos- 
phorus matches  were  already  in  use  in  Paris  as  early  as  1805,  while  in  1809  Derepas 
proposed  to  mix  magnesia  with  phosphorus  in  order  to  lessen  its  great  inflammability 
when  in  finely  divided  state.  Derosne  (18 16)  appears  to  have  been  the  first  who 
made  phosphorus  friction  matches  at  Pans.  However,  it  was  not  before  the  middle 
of  1833  that  phosphorus  matches  became  more  generally  known,  when  Preshel,  at 
Vienna  (this  city  is  famous  for  the  match  and  fusee  industry  in  Germany),  made  not 
only  phosphorus  matches,  but  also  fusees  and  German-tinder  slips  tipped  with  the 
phosphorus  composition.  About  the  same  period  F.  Moldenhauer,  at  Darmstadt, 
made  phosphorus  lucifer  matches.  The  South  Germans  attribute  to  Kammerer  the 
invention  of  phosphorus  lucifer  matches,  while  in  England,  according  to  the  opinion 
of  the  late  celebrated  Faraday,  John  Walker,  of  Stockton,  Durham,  was  the  inventor 
of  lucifer  matches,  or  at  least  the  first  maker.  The  older  kind  of  matches,  although 
very  combustible,  ignited  with  a  rather  sharp  report,  owing  to  the  presence  of  chlorate 
of  potash  in  the  mixture,  while,  moreover,  the  too  ready  ignition  by  concussion 
rendered  the  transport  of  these  matches  so  unsafe,  that  in  Germany,  the  transport, 
as  well  as  the  manufacture,  became  prohibited.  In  the  year  1835  Trevany  substi- 
tuted a  mixture  of  red-lead  and  manganese  for  a  portion  of  the  chlorate  of  potash, 
thereby  greatly  improving  the  composition.  In  1837  Preshel  altogetlier  discarded 
this  salt,  substituting  peroxide  of  lead,  or,  as  Bottger  advised,  either  a  mixture  of 
red-lead  and  nitrate  of  potash,  or  of  peroxide  of  lead  and  nitrate  of  lead.  From  this 
period  the  manufacture  of  matches  became  an  extensive  industry,  greatly  aided  by 
the  manufacture  of  phosphorus  on  the  large  scale. 
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In  tlie  course  of  time  other  improvements  were  made,  as,  for  instance,  the 
8ul)3tittitioii  for  sulphur  of  woodea  splints,  thoroughJy  dried  and  soaked  in  wax, 
paraffin,  or  stearic  acid,  the  coating  of  the  composition  with  a  varnish  to  protect  it 
from  the  action  of  moisture,  while,  at  U;e  wime  time,  the  external  appearance  of 
the  matcliea  was  rendered  more  ornamental.  At  the  present  day  matches  are  a 
product  of  an  industry  which  cumiut  possibly  be  much  more  improved  in  a  teclinical 
point  of  view,  being  also  a  product  which,  as  regards  its  price,  is  within  tlie  reach 
of  all. 

However  useful  phosphonis  lucrfLT  matches  may  he,  it  is  a  great  drawback  to  tlieir 
utility  that  the  combustible  composition  is  a  poisonous  mixture,  while,  moreover,  the 
workpeople  engaged  in  that  ilepaiiJiieat  of  the  lucifer-match  making  in  which  the 
phosphorus  is  hant^Ued  are  often  affected  by  a  peculiiir  kind  of  caries  of  the  jaw- 
bones, the  real  cause  of  wliich  is  the  more  difficult  to  ascertain  as  the  worlq>eopl€ 
engaged  in  the  manufacture  of  phosphorus  and  exposed  to  its  vapours  to  such  an 
extent  as  to  render  their  breath  luminous  in  the  dark  are  not  similarly  aOiected. 
The  discovery  of  the  red  or  amorphous  phosphorus,  which  is  neither  poisozioiis  m 
very  inflammable,  affords  a  happy  substitute  for  tlie  ordinary  phosphomi,  Imt  ih^\ 
former  is  by  no  means  generally  used  in  the  preparation  of  matches. 
ifMkiiiMiarc^LaeLrcr       The  operations  required  are  : — 

1.  The  preparing  of  tlie  spHnts  of  wood. 

2.  The  mixing  of  the  combustible  composition. 

3.  The  dipping,  drying,  and  packing  of  the  m niches. 
I.  The  Preptiraiion  of  the  JVooden  SpUnts. — Generally  white  woods  are  used  for 

this  purpose,  such  as  white  fir,  pine  wood,  aspen,  more  rarely  fir  wood  (Fohrenholz), 
sometimes  beech  wood,  limetree  wood,  birch,  willow,  poplar  wood,  and  cedar.  The 
shape  of  the  splints  is  uiiually  square  in  section,  but  abroad  the  splints  are  some- 
times cylindrical.  The  square  splints  are  readily  made  by  hand,  simply  by  splitting 
«p  a  block  of  w^ood  having  tlie  length  required  for  the  splint,  A  cutting  tool,  a  large 
knife,  similar  to  tljat  which  is  sometimes  used  by  chaff-cutters,  is  very  frequently 
used  for  llie  purpose  of  cutting  the  wooden  splints,  while  a  contrivance  similiur  to  , 
that  in  use  for  propelling  the  hay  or  Klrnw  forward  is  also  employed,  being  so 
arranged  as  to  propel  the  wood  after  every  cutting  stroke  the  length  required  for  a 
Splint.  More  generally  tlio  operation  of  splitting  tlie  block  of  wood  parallel  to  its 
filires  and  next  cutting  off  the  splints  to  the  required  length  is  effected  by  machinerj 
consisting  of  fixed  knives,  against  which  the  wood  is  moved  with  sufficient  force  to 
gplit  it  up  into  splints,  which  are  next  cut  to  tlie  required  length.  Instead  of 
splitting  the  wood  by  these  means,  the  splints  are  now  in  Germany  always  made  by 
a  kind  of  plane,  invented  by  S.  Eomer,  of  Vienna,  hy  which  the  wood  is  cut 
tip  into  circular  splints.  The  cutter  of  this  plnne  differs  from  that  of  the  ordinary 
carpenter's  plane,  by  possessing",  instead  of  the  cutting  edge,  a  slight  bend,  in  wliich 
three  to  ^yc  holes  have  been  bored  in  such  a  manner  that  one  of  the  edges  of  these 
holes  is  sharpened ;  in  pra^Hice  tliree  holes  are  preferred,  'Wlien  this  plane  is 
forced  against  a  lath  of  wood,  placed  edge  way,  the  cutting  tool  penetrates  into  tlid 
wood,  splitting  it  up  itdo  as  many  small  sticks  or  splints  as  the  cutter  contains  holos.  1 
^Slien  a  number  of  thin  splints  have  been  eut  from  the  lath,  it  is  again  planed  tni# 
with  an  ordinaty  plane  and  then  the  operatioii  repeated.  The  diTiding  of  tlie  thin  sticlca 
into  splints  of  the  required  lengtli  is  effected  by  a  tool  consisting  of  a  narrow  trough 
about  6  centims,  wide  and  provided  with  a  slit  in  which  works  a  knife  fastened  to  m  j 
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lever.  A  clever  workman  can  prepare  400,000  to  450,000  splints  daily.  In  the 
south-west  of  Germany  a  plane  for  cutting  wooden  splints,  tlie  invention  of  Anthon, 
at  Darmstadt,  and  similar  in  action  and  construction  to  tliat  above  mentioned,  is  in 
general  use  ;  but  throughout  an  extensive  portion  of  the  empire  the  manufacture  of 
the  splints  has  become  a  separate  trade  often  carried  on  in  woods  and  forests,  the 
splints  being  sold  to  the  lucifer-match  makers  in  bundles  ready  for  dipping. 

Instead  of  making  the  splints  by  hand  they  are  occasionally  made  by  a  machine, 
such  as  that  by  PelHtier,  at  Paris  (1820),  having  on  a  bench  a  plane  36  centims.  long 
by  9  wide,  made  to  move  backwards  and  forwards,  while  a  piece  of  wood  is  placed 
so  that  it  is  caught  by  the  fore-cutter,  which  consists  of  a  steel  knife  provided  with 
twenty-four  teeth  sharpened  like  little  knives,  the  second  cutter  removing  the  small 
laths  from  the  plank  of  wood.  Oochot's  machine  (1830)  consists  of  a  large  iron 
wheel  I  metre  in  diameter,  on  the  periphery  of  which  are  fixed  thirty  wooden  blocks 
lengthway  of  tlie  size  of  the  splints.  When  the  wheel  is  turned  round  the  blocks  of 
wood  are  caught  by  the  knives  fastened  to  a  small  cylinder,  and  the  wood  is  split  up 
into  splints,  which  are  removed  from  the  block  by  another  knife.  Jeunot's  machine, 
patented  in  1840  in  France,  is  of  a  similar  construction.  Neukrantz,  at  Berlin 
(1845),  contrived  a  tool  based  upon  the  principle  of  the  hand-plane,  the  wood  intended 
to  be  cut  being  moved  against  a  fixed  steel  cutter,  which  produced  sixteen  to  twenty 
splints  at  a  movement.  Krutzsch,  at  Wiinschendorf,  Saxony,  has  improved  upon  this 
plan  (1848)  by  perforating  a  steel  plate  with  about  400  holes  placed  as  near  together 
as  possible ;  the  edges  of  these  holes  having  been  sharpened,  a  block  of  wood  is  forced 
in  the  direction  of  its  fibres  against  the  plate  and  thus  divided  into  splints.  A  piece 
of  wood  3  centims.  in  thickness  and  width  by  i  metre  in  length  yields  400  lengths, 
each  of  which  can  be  cut  up  into  fifteen  splints;  6000  of  the  latter  are  made  in 
two  minutes.  Of  the  several  tools  and  machines  contrived  for  the  purpose  of 
cutting  splints — and  the  number  of  these  contrivances  is  very  large — we  quote  the 
following  of  German  origin.  The  machine  invented  by  C.  Leitherer,  at  Bamberg 
(185 1),  consists  of  what  might  be  termed  a  kind  of  guillotine,  viz.,  a  box  at  the  bottom 
of  which  is  placed  the  wood  to  be  formed  into  splints,  the  fibre  of  the  wood  being 
vei-tical.  In  front  of  this  box  is  placed  a  frame-work,  in  which  a  heavy  block, 
provided  with  four  cutters,  each  terminated  by  eight  to  ten  narrow  tubes  (somewhat 
similar  to  cork-borers),  can  be  made  to  move  rapidly,  so  as  to  give  forty -five  strokes 
a  minute,  the  wooden  block  intended  to  be  cut  into  splints  being  made  to  move  under 
the  cutting  tool  after  each  stroke.  Wrana's  machine  is  in  principle  the  same  as 
that  of  Neukrautz,  but  has  been  greatly  improved,  the  plane  not  being  fixed,  but 
supported  by  a  piece  of  wood.  Long's  machine,  again,  consists  of  a  series  of 
cylinders,  between  which  the  block  of  wood  is  placed,  while  knives  are  so  arranged 
as  to  cut  the  block  into  splints  while  the  wood  moves  on  by  the  motion  imparted  to 
the  cylinders. 

2.  The  Preparation  of  the  Combustible  Composition  is  carried  on  in  the  following 
manner : — The  glue,  or  gum,  or  any  other  similar  substance,  is  first  dissolved  in  a 
small  qnantity  of  water  to  the  consistency  of  a  thin  syrup,  witli  which,  having  been 
heated  to  50°,  the  phosphorus  is  incorporated  by  gradually  adding  it  and  keeping  the 
mixture  stirred  so  as  to  form  an  emulsion,  to  which  are  next  added  the  other  ingre- 
dients after  having  been  pulverised.  In  order  to  obtain  a  good  composition,  it  is 
essential  that  there  should  be  neither  too  much  nor  too  little  phosphoms,  for  an 
exeess  of  phosphorus  will  not  only  tend  to  increase  unnecessarily  the  price  of  the 
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composition,  bnt  it  has  also  tlie  effect  of  rendering  it  unfit  for  igniting  the  sulphur 
and  stearin  wherewitli  tlie  matches  are  tipped,  beoause  tlje  phosi>horic  acid  gene* 
rated  by  the  combustion  of  the  phosphorus  is  deposited  as  an  enamel -like  moss, 
which  prevents  further  combustion.  It  appears  that  the  best  proportion  is  from  one- 
ttinth  to  one -twelfth  of  phosphonis, 

A  much  smaller  quantity  of  phosphorus  is  required  if  this  element  is  first  dissolve*! 
in  sulphide  of  carbon  and  the  solution  added  to  thfl  other  eonStitnents  of  the  compo* 
eition ;  the  sulphide  of  carbon  while  rapidly  volatilising  leaves  ihe.  pliosphorua  in  a 
very  finely-divided  state.  As  phospliorus  is  very  readily  soluble  in  sulphide  of 
carbon,  and  aa  the  latter  is  moderately  cheap,  the  method  has  tlie  advantage  thai  the 
mixing  of  the  materiala  can  tiilce  place  without  the  apphcation  of  heat.  It  is,  how- 
ever, evident  that  the  greatest  care  is  required  in  manipiiluting  such  n  liquid  as 
sulphide  of  carbon,  and  far  more  when  phosphorus  is  dissolved  therein,  C  Puscher 
suggested  (i860)  the  use  of  snlphuret  of  phospliorufi,  X*aS,  instead  of  pure  phosphorus 
in  the  composition  for  matelien.  He  prepared  a  composition  containing  3*5  per  cent 
of  this  sulphm-et,  and  obtained  excellent  matches. 

Among  the  metalhc  oxides  which  are  employed  in  the  mixture,  preference  is  given 
either  to  a  mixture  of  peroxide  of  Ic^ad  and  nitrate  of  potash,  or  to  a  mixture  of  the 
former  with  nitrate  of  lead  obhiiued  by  treating  red-lead  with  a  small  quantity  of 
nitric  acid  and  leaving  tills  mixlme  for  a  period  of  several  weeks  to  dry.  Glue,  gum, 
and  dextrine  are  used  as  excipients :  tlie  tirst,  however,  is  objectionable  because  il 
carbonises  and  prevents  the  combustion.  Perhaps  a  dilute  collodion  solution  or  a 
mixture  of  sandarac  or  similar  resin,  with  benzole,  might  be  used  as  an  excipient 
instead  of  the  gum. 

The  mixtures  actually  used  in  the  trade  are  kept  secret,  but  the  following  rccipe«  ^ 
may  give  some  idea  of  the  composition : — 

I, 


Phosphorus        ...     •. ...     1-5  parts 

Gum  Senegal 30    „ 

Lampblack       ,     05     ,» 

Pied'lead    ,     „.    50    ,» 

Nitric  add  at  40*  B,  (=  sp.gr.  1*384)     2"o    ,, 

II. 

Phosphorus      ,1 80  parts 

<^iiie •..     210     „ 

Peroxide  of  lead 244    „ 

Nitrate  of  potash    240    „ 

1 

A  mixture  of  nitrate  of 
lead  and  of  peroxid«  of 
lead,  technically  knovvu 

.    as  oxidised  red-lead. 

Dissolved  in  the  required 
quantity  of  sulphide  of 
carbon. 

i 

Phosphorus        30  parte 

Gum  Senegal     .,     „,     30     „ 

Peroxide  of  lead ,.,     2*0    »» 

Fine  sand  and  similt.. 20    „ 

» 

No  doubt  there  is  room  for  great  improvements  in  these  compositions. 

3*  Dippimj  and  Drying  the  SpVmU^^ln  order  to  fix  the  sulphur  and  combustible 

composition  to  one  end  of  the  splints,  it  is  clear  Uiat  these  should  not  touch  each 
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©ther,  T>ut  he  ao  arranged  aa  to  leave  an  iiitennediftte  space.  A  conlrivanco  is 
employed.  conBistirjg  of  small  planlcs,  03  metre  long  by  10  centims.  wide*  tbe  surface 
being  provided  vnih  narrow  grooves  placed  close  together,  aiid  just  large  enough 
each  to  hold  a  siugle  splint.  Fig.  262.  The  splints  are  one  by  one  placed  m  the 
grooTCS,  on  operation  usually  performed  by  girls*  One  plank  having  been  filled 
another  is  placed  on  tlie  top  of  it.  The  surface  of  the  plank  on  one  side  is  provided 
T;\'ith  a  piece  of  coarse  .flannel,  while  tlie  other  side  is  grooved  for  holding  splints. 
Each  of  the  planks  has  at  tlie  eud  a  round  hole,  tlirough  wliich  pass  iron 
rods,  Figs.  2G3  and  264,  in  tlie  top  of  which  a  screw  thread  is  cnt,  so  that  as  sooxi  as 
some  twenty  to  twenty- live  planks  have  been  filled  with  splints  and  placed  one  upon 
another,  they  are  fastened  so  as  to  form  a  framework.  A  clever  hand  can  lill  during 
ten  hours  fifteen  to  twenty-five  of  tiieae  frames,  each  containiug  2500  eplmts. 
Recently  it  has  been  attempted  to  perform  this  work  by  machinery,  and  tlie  maeluDe 
constructed  by  0.  Walsh,  at  Paris  (i86i),  enables  a  lad  to  frame  500,000  to  600,000 
splints  in  leu  hours. 

The  sulphur  intended  for  dipping  the  splints  is  kept  in  a  molten  state  over  a  mode- 
rate fire  in  a  shallow  rectangular  trough,  in  the  middle  of  which  a  stone  is  placed  as 

Fio.  162, 


Fio.  263- 


Fia.  264, 


precisely  level  as  poasilile.  The  quantity  of  sulpJiur  is  so  regulated  tliat  it  covers 
die  stone  to  ii  depth  of  1  centim.  lu  the  operation  of  dipping,  the  ends  of  the 
splints  are  made  just  to  toudi  the  stone  and  unmeiliately  removed,  care  being  taken 
to  cause,  by  slialting  the  frame,  any  Bupertiuons  sulphur  to  flow  into  the  trough  again. 

Instead  of  sulphur  the  better  kind  of  matches  are  impregnated  witJi  stearine, 
stearic  acid,  or  paruffia.  The  splints  having  been  first  tlioroughly  dried,  arc  placed 
in  a  )iat])  of  multen  parafi&n,  and  left  there  for  a  time  so  as  to  allow  the  wood  to 
absorb  by  capillarity. 

The  tipping  witli  tlie  phosphorus  composition  is  performed  similarly  to  the 
sulphuring  of  the  splints,  the  composition  being  placed  in  a  uniform  layer  on  a  piece 
of  thick  ground  glass  or  on  a  welbpolishcd  hlhogniphic  stone    (Solenhofen  lime- 

lae). 

'The  drying  of  the  matches  taltes  place  in  a  room  hented  by  steam,  the  frames 
being  hung  on  ropes  or  put  on  shelves.    The  position  of  tlie  fnuues  is  such  that  the 
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mfttches  are  in  a  verttcid  position,  and  tlie  composition  liangs  on  them  fts  a  drop,  Tlie 
composition  of  tlie  saloon  mat<!hes  is,  after  drying,  coated  with  coloured  resinona 
solutions^  and  often  with  a  collodion  film. 

juiii-Pbo.phof«Aichei.  Tliis  variety  of  match  was  invented  in  1S48,  by  BoUger, 
at  Frankfort,  and  was  prepared  industriaOj  by  Fiirth»  at  Schiittenhofen ;  Limd- 
Btrom,  at  Jonkox>inff  (Sweden) ;  Coignet,  at  Paris  (under  tlie  name  of  AUumettm^ 
hygicniqaei  et  de  iiireU  an  pho»phore  amorphs) ;  Be  %''illiers  and  Dalcmagne,  P^fl 
(under  the  name  of  AUumtitei  amirofjynts) ;  also  by  Forster  and  Warn.  These 
matches  are  of  two  kinds  :■ — a.  Tliosc  wljich  are  free  from  phosphorus,  the 
amorphous  phosphorus  being  incoi*porQted  with  tlie  sand-paper,  /3.  Those  which  axe 
free  from  phosphorus  both  in  the  match  and  on  tlie  sand -paper 

To  the  matehcs  of  the  first  category  belong ; — i*  Matches^  the  compositiOQ 
of  which  is  free  from  phosphorus,  cotisisting  simply  of  a  pasty  mass,  the  main  con- 
gtituents  of  which  are  siilphuret  of  antimony  and  chlorate  of  potash.  2.  The 
amorphous  phosphorus  mixed  witli  some  xery  tine  sand  or  other  substance  promotiii|(  * 
fifiction  is,  with  glue,  put  on  to  the  box  in  which  the  matches  are  contained;  or^aa  ia 
the  case  with  the  amhogynet,  at  tlie  other  end  of  tlie  splint.  The  friction  surface  on 
tlie  boxes  consists  of  a  mixture  of  9  parts  of  amorphums  pbosphonis»  7  parts  of  pui- 
verised  pyrites,  3  parts  of  glass,  and  i  part  of  glue.  The  matches  ignite  readily  by 
friction  on  tlie  surface  containing  this  composition,  but  do  not  ignite  when  rubbed  on 
any  other  rough  surface.  These  so-called  safety  matches  are  lai'gely  manufactured 
at  Jonkdping,  under  the  Swedish  name  of  SaherheUTdndstickor  ^security  firo 
matches).  Jettel  (1S70)  uses  for  the  friction  surface  a  compound  consistiiig  of  equal 
parts  of  amorphous  phosphorus,  pyrites,  and  black  sulphurct  of  antimony ;  for 
coating- on  the  two  aides  of  1000  small  boxes,  each  containing  fifty  matches,  about 
80  grms,  of  this  mixture  are  required.  It  need  hardly  be  inentioncd  tliat  in 
Engknd  safety  matches  are  largely  made  and  of  excellent  quality,  in  fact,  beUar  than 
anywhere  else. 

B.  Forster  and  F.  Wara,  at  Vienna*  have  iutrodaccd  a  *'  non- poisonous"  match. 
The  amorphous  phosphorus  is  mixed  up  ^rith  tho  combustible  composition  in 
tlie  usual  way,  so  that  these  matches  ignite  readily  by  being  rubbed  on  any  rough 
surface,  but  tlio  ignition  is  occoinpanie<l  by  noise,  owing  to  tlio  chlorate  of  potash 
contained  in  tlie  mass. 

As  regards  the  matches  belonging  to  the  second  category — viz.,  such  as  neither 
contain  phosphorus  nor  require  a  xdiosphorus-contaiuing  surface,  we  may  give 
the  analysis  by  Wiederhold,  of  the  composition  of  those  made  by  Kummer  and 
Giintlier,  at  Konigswalde,  near  Annaberg,  in  Saxony  :— 

Chlorate  of  potaalt     ...     ...     ...  8  parta. 

Black  sulphuret  of  antimony ...  S      „ 

Oxidised  red-lead      .*•     ... ...  8 

Gum  Senegal i      „ 

Oxidised  red-lead  is  a  variable  mixture  of  peroxide  of  lead,  nitrate  of  lead,  and 
tuidecomposed  red-lead.  Weiderhold,  at  Cassd^  suggested  (1S61)  the  following 
ignition  mixture : — 

Chlorate  of  potash 7  3  parts. 

Hyposulphite  of  lead     26      ,« 

Gum  arable     ...  10      „ 
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This  is  the  best  anti-phosphoms  mixture.    Jettel,  at  Gleiwitz,  gives  the  following 
mixtures  free  from  phosphorus : — 

Chlorate  of  potash      

Sulphur        

Bichromate  of  potash 

Sulphuret  of  antimony 
Sulphur  auratum,  SbSj  (Stibium 
sulfuratum  aurantiacum).  l        —  —  0*25  — 


a. 

b. 

c. 

d. 

4*0 

70 

3-00 

80 

10 

I'O 

— 

— 

04 

20 

— 

05 

— 

— 

— 

80 

(Antimonium  sulfuratum,  B.P.) 

Nitrate  of  lead     —  2*0  —  — 

While  R  Peltzer  has  called  attention  to  the  applicability  of  copper-sodium  hypo- 
sulphite for  tlie  preparation  of  a  phosphorus-free  ignition  mass,  Fleck*  has  also 
remarked  the  use  which  might  be  made  of  sodium  in  tliis  respect. 

Wax  or  Yesu  Matehei.  Instead  of  the  phosphorus  composition  being  fixed  to  a  wooden 
splint  it  is  in  the  wax  matches  idllumettes  bougies)  attached  to  a  thin  taper  made  of  a 
few  cotton  threads  (4  to  6),  immersed  in  a  molten  mixture  of  2  parts  of  stearine  and 
I  part  of  wax  or  parafi&n.  The  tapers,  while  tliis  mixture  is  hot,  are  drawn  through 
a  hole  perforated  in  an  iron  plate,  the  opening  of  which  corresponds  to  the  desired 
thickness  of  the  taper.  The  taper  is  next  cut  by  means  of  machinery  into  suitable 
lengths ;  afterwards  the  phosphorus  composition  is  affixed  and  the  vestas  put  into 
boxes. 

Zulzer  s  machine  for  cutting  the  tapers  and  for  making  them  into  matches  has  the 
following  arrangement.  The  wicks  having  been  rolled  on  a  drum  are  forced  between 
two  cylinders,  wliich  impart  the  fatty  composition,  and  next  the  tapers  are  carried  by 
the  machinery  across  grooves  in  planks  to  holes  in  a  movable  vertical  iron  plate, 
which  is  connected  with  a  cutting  apparatus  intended  to  divide  the  tapers  into 
suitable  lengths.  As  the  cutters  are  placed  at  the  entrance  of  the  holes,  the  tapers 
after  having  been  separated  from  the  main  wicks  are  left  dangling  in  these  holes,  and 
by  a  mechanical  contrivance,  the  plate  containing  the  holes  is  lifted  sufficiently 
to  bring  another  row  of  holes  level  with  tlio  wick-producing  apparatus.  When  a 
plate  has  been  tlius  filled  with  tapers  it  is  removed,  another  put  in  its  place,  and  the 
ends  of  the  tapers  immediately,  immersed  in  the  phosphorus  composition,  and  next 
placed  in  a  drying  room.  Marseilles  is  the  great  centre  of  the  wax  match  industry, 
while  Austria  stands  next. 

Animal  Chahcoal. 

Animal  chanoai.  Animal  charcoal  is  the  residue  obtained  by  the  diy  distillation  of 
bones.  Owing  to  its  introduction  (18 12)  by  Derosne,  and  afterwards  re-introduction 
with  improved  filtering  apparatus  by  Dumont  (1828),  into  the  sugar  refining 
industry,  animal  charcoal,  or  bone-black,  has  become  one  of  the  most  important 
substances  of  chemical  teclmology.  ^Vhen  bones  are  submitted  to  ignition  in  closed 
vessels  with  exclusion  of  air,  the  organic  matter  yields  a  tar  known  as  crude  Dippels 
oil,  and  carbonate  of  ammonia,  while  a  coal-black  residue  remains  cxliibiting 
perfectly  the  organised  structure  of  the  bones. 

pnpaniUon  of  Bon«-biaek.  The  boues  are  either  boiled  with  water  or,  better, 
exhausted  with  sulphide  of  carbon  to  remove  the  fat,  which  being  obtained  i© 

Jahresbericht  der  Ghem.  Teohnologie  (Dr.  Wagner),  1868,  p.  aao. 
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a  quftntity  of  5  to  6  per  cent  of  the  weight  of  the  bones,  is  a  valmible  by-product  of 
tills  branch  of  industry.  The  cRrbonisaiion  of  the  boneg  is  bo  conducted  that  the 
Toladle  products  are  either  burnt  or  condensed.  In  the  latter  case  tlie  broken- np 
bones  are  put  into  iron  retorts  similar  to  those  nscd  for  coal-gas  manufacture » 
and  Oie  volatile  products  are  collected  in  suitable  condensing  apparatus,  while 
tlio  gas  after  having  been  purilied  is  soraeUmes  led  into  a  gasholder  and  used 
for  iUnmiuating  purposes,  or  when  not  purified  is  burnt  under  Hie  retorts.  Ac- 
cording, however,  to  the  experience  obtained  in  Germany,  bone-black  tlnis 
has  a  lower  decolourising  power  than  when  the  bones  are  ignited  in  iron  potd 
the  volatile  prodncts  being  burnt  at  the  same  time.  In  Germany,  therefore,  the  older 
plan  of  carbonisation  in  pots  is  usually  resorted  to.  In  England  and  Scotland,  and  als 
in  Hollandi  Belgium,  and  France,  retorts  are  generally  used  for  thifj  purpose.  Tb 
carbonisation  in  pots  is  carried  on  in  the  following  manner: — Cast-iron  pols  ara" 
filled  with  broken-up  bones  and  placed  one  on  the  top  of  the  other,  the  edges  of  tli^^ 
niouthEi  of  tlie  pots  being  luted  with  clay.  The  pols  nre  placed  on  the  hearth  of  a 
kind  of  reverberator}'  furnace.  After  awliile  tlie  vapours  wliich  are  forced  tlirougli 
the  lute  become  ignited,  tliereby  enveloping  the  pots  in  a  sheet  of  flame,  so  that  tlie 
carbonisation  goes  on  without  requiring  the  firing  of  the  furnace  to  be  kept  up. 
When  the  flame  subsides  the  carbonisation  is  complete.  Tlie  yield  of  animal  char- 
co£il  amounts  by  tliis  method  of  procedure  to  55  to  60  per  cent,  the  carbonaceous 
matter  being,  however,  mixed  with  about  ten  times  its  weight  of  mineral  matter,  as 
may  be  inferred  from  the  following  results  of  analysis  of  a  dried  sample  of  bone- 
black,  which  in  :oo  parts  was  found  to  consist  of — Carbonaceous  matter,  lo;  phosphate 
of  lime,  84 ;  carbonate  of  Ume,  6  parts.  By  exposure  to  air  bone-black  absorbs 
7  to  10  per  cent  of  moisture.  The  carbonised  bones  are  broken  up  and  granulated 
by  macliinerj",  tlic  formation  of  dust  having  to  be  avoided  as  much  as  possible 
because  it  has  xery  little  value, 

pnrp«rttitornocMhbiftck.  As  far  back  as  the  year  iSiii  Figuier  discoTered  that  bone* 
black  possesses  the  property  of  withdrawing  organic  and  inorganic  substances — riz., 
lime  and  potash  from  solutions.  It  appears  that  this  property  is  due  to  surface 
attraction  (capillary  action),  although  bone-black  is  also  capable  of  decomposing 
chemical  compounds.  0\Aing  to  the  fact  that  bonc*black  can  absorb  inorganic 
matter,  it  is  largely  used  for  the  puqiose  of  withdrawing  lime  and  saline  matter  from 
saccharine  fluids  in  beet-root  sugar  works.  According  to  Anthon,  tlie  property  of 
bone-black  to  witlidraw  lime  from  solutions  is  partly  due  to  the  fact  that  carbo&ie 
acid  is  condensed  in  the  pores  of  this  substance. 

By  treating  bone-black  with  hydrochloric  acid,  and  thus  dissolving  the  mineral 
matter  it  contains,  the  residue,  after  having  been  well  washed  with  water,  dried,  and 
re-ignitcd  in  a  closed  crucible,  has  lost  in  a  very  great  measure  its  property  of  withj 
drawing  from  solutions  and  retiiining  within  its  pores  inorganic  matter.  WTjen  acid 
liquids  are  ti>be  decolourised  by  bone-black,  it  should  always  be  employed  after  having 
been  treated  with*  hydrochloric  acid.  Shoe-blacking  manufacturers  employ  in  their 
trade  a  large  quantity  of  bone-black. 

TwUflf  Do««4.j.ek.  The  greater  the  decolourising  power  of  charcoal  the  better  its 
quality,  though  it  appears  thai,  the  decolourising  power  is  not  proportionate  to  tlio 
power  of  withdrawing  lime  and  saline  matters  from  solutions.  In  order  to  nscerljtiii 
the  decolouriaiug  power  of  any  sample  of  bone-Mack,  its  quaUty  in  this  respect 
is  compared  with  that  of  another  of  known  strength.    Payen  proposes  to  take  equal 


ANIMAL  CHARCOAL.  555 

bulks  of  water  coloured  with  caramel,  to  treat  these  with  equal  weights  of  animal 
charcoal,  and  to  filter  these  mixtures ;  the  charcoal  wliich  yields  the  clearest  liquid 
being  the  best.  Bussy  obtained  tlie  following  results  by  the  estimation  of  the 
relative  decolourising  power  of  equal  quantities  by  weight  of  different  kinds  of 
charcoal : — 

Ordinary  bone-black        10 

Bone-black  treated  with  hydrochloric  acid i*6 

Ditto,  ditto,  but  afterwards  ignited  with  carbonate  of  potash 20*0 

Blood  ignited  with  carbonate  of  potash       200 

Blood  ignited  witli  carbonate  of  lime    20*0 

Glue  ignited  with  carbonate  of  potash         155 

Brinmieyr's  experiments  on  the  decolourising  properties  of  bone-black  led  to  the 
following  results : — i.  The  capability  of  absorption  of  tliis  substance  does  not  depend 
upon  the  mechanical  structure  of  tlie  bone-black,  but  upon  the  quantity  of  pure 
carbon  it  contains.  2.  The  quantities  of  matter  absorbed  by  bone-black  of  various 
kinds  are — ^when  reduced  to  pure  carbon — really  equivalent,  and  are  probably 
independent  of  the  varying  chemical  nature  of  the  soluble  absorbed  substance. 
3.  Bone-black  saturated  with  any  substance  retains  its  absorptive  power  for  other 
materials  of  a  different  chemical  nature.  4.  Bone-black  acts  tlie  quicker  and  better 
the  less  its  capillary  structure  has  been  interfered  with  either  by  mechanical  or 
chemical  means  (action  of  hydrochloric  acid).  Schultz's  results  of  experiments 
agree  with  those  just  quoted.  The  specifically  lightest  bone-black  wliich  contains 
the  largest  amount  of  carbon  is  the  most  strongly  decolourising  material.  As 
regards  the  sugar  (especially  beet-root)  manufacture,  tlie  power  of  bone-black  to 
withdraw  lime  from  a  solution  comes  also  into  consideration ;  this  lime-absorbing 
capability  is  estimated  by  directly  testing  the  quantity  of  lime  which  a  given  sample 
of  charcoal  can  take  up. 

^'^^oTcSiSS!*""'^"^  After  having  served  the  purpose  of  decolourising  and 
absorbing  lime  for  some  time  in  tlie  process  of  sugar  refining,  the  bone-black 
becomes,  as  it  is  termed,  foul  and  requires  to  be  revived,  for  wliich  purpose  it  is 
either  first  thoroughly  washed  witli  hot  water  or  sometimes  left  to  enter  into  a  state 
of  fermentation,  or  treated  with  steam,  and  finally  always  re-ignited.  The  more 
usual  plan  is  to  wash  the  bone-black,  while  still  in  the  filters,  with  hot  water,  so  as 
to  remove  all  soluble  matter,  the  material  being  next  re-ignited.  In  this  manner 
bone-black  may  be  restored  for  use  twenty  to  twenty-five  times.  This  mode  of 
reviving  labours  under  tlie  disadvantage  that  during  the  ignition  the  organic  matter 
(absorbed  impurities)  is  not  quite  destroyed,  and  by  cholung  the  pores  of  the  bom  - 
«black  impairs  its  decolourising  power.  It  is  therefore  preferable  to  cause  the  bone- 
black  to  ferment,  to  treat  it 'next  with  dilute  hydrochloric  acid,  wash  it  well, 
atid  lastly  ignite  it.  The  quantity  of  hydrochloric  acid  employed  for  this  purpose  in 
Bugir-producing  works  is  very  large. 

sniwutiitM  for  Bone-black  Amoug  the  substauccs  whicli  have  been  tried  as  substitutes 
for  the  use  of  bone-black,  carbonised  bituminous  shale  takes  the  first  place.  This 
material  (the  coke  of  the  Boghead  coal  is  an  excellent  example)  absorbs  colouring 
matter,  but  does  not  touch  tlie  lime.  Moreover  it  often  happens  that  tlie  coke 
is  rendered  unfit  for  this  use  by  the  presence  of  a  considerable  amount  of  mono- 
sulphuret  of  iron.    The  coke  of  sea- weed  is  perhaps  a  more  suitable  material 


554 


CHEMICAL  TECHNOLOGY. 


a  quantity  of  5  to  6  per  cent  of  the  weight  of  the  bones,  is  a  valimMe  bj-product  of 
tJiis  branch  of  industry.  The  cnrbonisation  of  tho  bones  is  so  conducted  that  the 
volatile  products  are  either  burnt  or  condensed.  In  the  latter  cose  the  broken-up 
bones  are  put  into  iron  retorts  similar  to  tliose  used  for  coal-gas  manufacture, 
and  tlie  volatile  products  are  collected  iu  suitable  condensing  apparatus,  while 
th«  gas  after  havinj^^  been  purified  is  sometimes  led  into  a  gasholder  and  use 
for  illuminating  purposes,  or  when  not  purified  is  burnt  under  tlie  retorts.  Ac- 
cording, however,  to  the  experience  obtained  in  Germany,  bone-black  tlius  made 
has  a  lower  decolourising  power  than  when  the  bones  are  ignited  in  iron  pots, 
tlic  volatile  products  being  burnt  at  the  same  time.  In  Germany,  therefore,  the  olde 
plan  of  carbonisation  in  pots  is  usually  resorted  to.  In  England  and  Scotland,  and  also"^ 
iu  Holland,  Belgium,  and  France,  retorts  are  generally  used  for  this  purpose.  The 
carbonisation  in  pots  is  carried  on  in  the  follo^ving  manner: — Cast-iron  pots 
filled  with  broken-up  bones  and  placed  one  on  the  lop  of  the  other,  the  edges  of 
mouths  of  the  pots  being  luted  with  clay.  The  pots  are  plflced  on  the  hearth  of 
kind  of  revcrberatory  furnace.  After  awhile  tho  vapours  which  are  forced  througlll 
the  lute  become  ignited,  thereby  cnvelopijig  tho  pots  in  a  sheet  of  flame,  so  tJiat  tiifl 
carbonisation  goes  on  without  requiring  the  firing  of  the  furnace  to  be  kept  up. 
When  the  llome  subsides  the  carbonisation  is  complete.  Tlio  yield  of  animal  char- 
coal amounts  by  tl;is  metliod  of  procedure  to  55  to  60  per  cent,  tlie  carbonaceous 
matter  being,  however,  mixed  with  about  ten  times  its  weight  of  mineral  matter,  as 
may  be  inferred  from  the  following  results  of  analysis  of  a  dried  samplo  of  bone- 
black,  which  iu  too  parts  was  found  to  consist  of^Carbonaceous  matter,  10;  pliosphAte 
of  lime,  84 ;  carbonate  of  lime,  6  parts.  By  exposure  to  air  bone-black  absorbs 
7  to  10  per  cent  of  moisture.  The  carbonised  bones  are  broken  up  and  granulat 
by  macliinery.  tlio  formation  of  dust  having  to  be  avoided  as  much  as  possibl 
because  it  has  very  lillle  vuUict. 

Froptfiua arii<}«o.UMk.  As  far  back  as  the  year  181 1,  Figuier  discovered  that  bone- 
black  possesses  the  property  of  withdrawing  organic  and  inorganic  substances — viz  , 
lime  and  potash  from  solutious.  It  appears  that  this  property  is  due  to  surfj 
attraction  ^capillary  action),  althougli  bone-black  is  also  capable  of  decompo 
chemical  compounds.  Owing  to  the  fact  that  bone-black  con  absorb  inorganio^ 
matter,  it  is  largely  used  fur  the  jiurpose  of  witlidrawing  lime  and  saline  matter  from 
saccharine  fluids  in  beet-root  sugar  works.  According  to  Antlion,  the  property  of 
bone-black  to  withdraw  lime  from  solutions  is  partly  due  to  the  fact  that  caxboniQ^ 
acid  Is  condensed  in  the  pores  of  this  substance. 

By  treating  bone  bluck  witli  liydrochloric  acid,  and  thus  dissolving  the 
matter  it  contains,  the  residue,  after  having  been  well  washed  witli  water,  diied,  and 
re-ignited  in  a  closed  crucible,  has  lost  in  a  very  great  nieasiire  its  pi*operty  of  withi 
drawing  from  solutions  and  retaining  within  its  pores  inorganic  matter,  %Miea  tudd 
liqtiids  are  to  be  decolourised  by  bone-black,  it  should  always  be  employed  after  bavin;: 
been  treated  with' hydrochloric  acid.  Shoe-blocking  manufacturers  employ  in  their 
trade  a  large  quantity  of  bone-black. 

TMttof  BoM-ttiMk.  The  greater  tlie  decolourising  power  of  charcoal  tlie  better  its 
quality,  though  it  appears  tltai.  the  decolourising  power  is  not  proportionate  to  tlie 
power  of  witlidrawing  lime  and  saline  matters  from  solutions.  In  order  to  ascertain 
the  decolourising  power  of  any  sample  of  bone-black,  its  quality  in  thia  respect 
is  compared  witli  tliat  of  another  of  known  strength.    Pay  en  proposes  to  take  equal 
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bulks  of  water  coloured  with  caramel,  to  treat  these  with  equal  weights  of  animal 
charcoal,  and  to  filter  these  mixtures ;  the  charcoal  which  yields  the  clearest  liquid 
being  the  best.  Bussy  obtained  tlie  following  results  by  the  estimation  of  the 
relative  decolourising  power  of  equal  quantities  by  weight  of  different  kinds  of 
charcoal : — 

Ordinary  bone-black        10 

Bone-black  treated  with  hydrochloric  acid 1*6 

Ditto,  ditto,  but  afterwards  ignited  with  carbonate  of  potash 20*0 

Blood  ignited  with  carbonate  of  potash       200 

Blood  ignited  witli  carbonate  of  lime    200 

Glue  ignited  with  carbonate  of  potash         155 

Brimmeyr's  experiments  on  the  decolourising  properties  of  bone-black  led  to  the 
following  results : — i.  The  capability  of  absorption  of  tliis  substance  does  not  depend 
upon  the  mechanical  structure  of  the  bone-black,  but  upon  the  quantity  of  pure 
carbon  it  contains.  2.  The  quantities  of  matter  absorbed  by  bone-black  of  various 
kinds  are — ^when  reduced  to  pure  carbon — really  equivalent,  and  are  probably 
independent  of  the  varying  chemical  nature  of  the  soluble  absorbed  substance. 
3.  Bone-black  saturated  with  any  substance  retains  its  absorptive  power  for  other 
materials  of  a  different  chemical  nature.  4.  Bone-black  acts  the  quicker  and  better 
the  less  its  capillary  structure  has  been  interfered  with  either  by  mechanical  or 
chemical  means  (action  of  hydrochloric  acid).  Schultz's  results  of  experiments 
agree  with  those  just  quoted.  The  specificaDy  lightest  bone-black  which  contains 
the  largest  amount  of  carbon  is  the  most  strongly  decolourising  material.  As 
regards  the  sugar  (especially  beet-root)  manufacture,  tlie  power  of  bone-black  to 
withdraw  lime  from  a  solution  comes  also  into  consideration ;  tliis  lime- absorbing 
capability  is  estimated  by  directly  testing  the  quantity  of  lime  which  a  given  sample 
of  charcoal  can  take  up. 

B«TiTiii«iuon^(Re^nrninR)  ^^ftcr  having  scrvcd  tlie  purpose  of  decolourising  and 
absorbing  lime  for  some  time  in  the  process  of  sugar  refining,  the  bone-black 
becomes,  as  it  is  termed,  foul  and  requires  to  be  revived,  for  wliich  purpose  it  is 
either  first  thoroughly  washed  with  hot  water  or  sometimes  left  to  enter  into  a  state 
of  fermentation,  or  treated  with  steam,  and  finally  always  re-ignited.  The  more 
usual  plan  is  to  wash  the  bone-black,  while  still  in  the  filters,  with  hot  water,  so  as 
to  remove  all  soluble  matter,  the  material  being  next  re-ignited.  In  this  manner 
bone-black  may  be  restored  for  use  twenty  to  twenty-five  times.  This  mode  of 
reviving  labours  under  the  disadvantage  tliat  during  the  ignition  tlie  organic  matter 
(absorbed  impurities)  is  not  quite  destroyed,  and  by  choking  the  pores  of  tlie  l>«»n(  - 
«black  impairs  its  decolourising  power.  It  is  therefore  preferable  to  cause  the  bone- 
black  to  ferment,  to  treat  it 'next  with  dilute  hydrochloric  acid,  wash  it  well, 
and  lastly  ignite  it.  The  quantity  of  hydrochloric  acid  employed  for  this  purpose  in 
BUgir-producing  works  is  very  large. 

8niMUtat«s  for  Bone-black  Amoug  the  substanccs  which  have  been  tried  as  substitutes 
for  the  use  of  bone-black,  carbonised  bituminous  shale  takes  the  first  place.  This 
material  (the  coke  of  the  Boghead  coal  is  an  excellent  example)  absorbs  colouring 
matter,  but  does  not  touch  the  lime.  Moreover  it  often  happens  that  the  coke 
is  rendered  unfit  for  this  use  by  the  presence  of  a  considerable  amount  of  mono- 
sulphuret  of  iron.    The  coke  of  sea- weed  is  perhaps  a  more  suitable  material. 
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umt.  Tliia  fluid  is  Recret«d  by  glaiids  with  which  all  female  momuialia  are 
provided.  It  cootains  all  the  orgftnic  and  inorganic  substances  required  by  lh0 
young  ttnimal  as  food,  being  intended  to  feed  the  youug  until  they  are  suflBcieuUy 
developed  to  partake  of  other  nutriment.  The  main  constituents  of  milk  are : — 
Sugar  Onctosc),  caseine,  butter,  inorganic  salts,  such  as  chJoridca  of  potnssium  aod 
sodium »  pbosphate  of  lime,  and  finally  water.  The  average  percentage  composition 
of  cow's  milk  is  the  following : — 

Butter    3'288 

Lactose  and  soluble  salts    .,•      5'i2J9    '  12*524  p«r  cent 

Caseinc  and  insoluble  salts  ...      4'  107  , 

Water    ... ...    87476 

100000 

Milk  is  a  mixture  of  several  insoluble,  very  minutely  divided,  emuMoned  saf 
fitanoes,  suBpended  in  a  watery  liquid.  The  speciJic  gravity  of  milk  varies  frvfm 
I  030  to  l'045.  Under  tlie  microscope  it  becomes  evident  that  the  white  colour  of 
milk  is  due  to  the  so-called  milk  globules— small  globular  bodies  of  a  yellow  colour, 
with  a  mure  deeply  coloured  circumference,  and  exhibiting  a  pearly  gloss.  It  was 
formerly  believed  that  these  globules  consisted  of  an  exterior  envelope  filled  with 
butter,  but  the  recent  researches  of  Drs.  Von  Baumhauer  and  F.  Knapp  have 
proved  this  opinion  to  be  erroneous.  Wlien  milk  is  left  standing  these  globules  rise 
to  the  surface  and  form  cream,  below  which  remains  a  blue  transparent  fluid 
containing  the  sugar  of  milk,  salts»  and  caseinc,  tlio  latter  in  tJie  form  of  caseine-soda 
Wlien  milk  is  kept  for  some  time  a  portion  of  tlie  lactose  (sugar  of  milk)  is  decom* 
posed  imd  converted  into  lactic  acid  by  the  aid  of  the  caseine,  which  acts  as  a 
ferment.  In  il5  turn  the  lactic  acid  decomposes  tlie  caseine- soda»  whereby  the 
oaseine  is  pet  free  and  separated  as  an  insoluble  substance ;  this  action  takes  place  in 
the  coagulation  of  milk.  The  whole  of  Hie  lactose  or  sugar  of  milk  becomes 
converted  into  lactic  acid  by  long  keeping. 

Lactic  acid  \C^&0^  is  also  formed  by  Uie  fermentation  of  starch,  cune  sugar, 
and  glucose,  under  the  influence  of  caseine  and  a  ferment.  This  acid  is  met 
with  in  sauerkraut  (a  favourite  dish  of  the  Germans,  being  a  wcllpreserred 
mixture  of  white  and  savoy  cabbages  cut  into  shreds,  and  packed  in  casks 
along  with  salt,  coarse  pepper,  and  some  water),  and  in  other  picklea,  in  beer, 
and  in  nearly  all  animal  liquids.  Lactic  acid  is  also  present  in  some  of  tlie 
fluids  of  tlie  tan-yard  tanks  ;  in  the  sour  water  of  starch  works  where  starch 
is  prepared  by  tlie  old  methods;  in  Uie  bran  bath  of  dye  works;  and  is  con- 
stantly met  with  in  the  residual  liquids  of  corn  sinrit  distillation.  When  lactie 
acid  is  heated  with  sulplmric  acid  and  peroxide  of  manganese,  aldehyde  is  formed* 
which  is  used  in  the  preparation  of  aniline  green  and  of  hydrate  of  chloral. 

The  coagulation  of  fresh  milk  is  eflected  by  tlie  use  of  rennet,  which  is  p>r«- 
pared  from  the  stomach  of  a  calf,  well  washed  tind  stretched  out  in  a  wooden  frame, 
tlicn  dried  eitlier  in  the  sun  or  near  a  fire.  The  substance  tlius  prepared  was  for- 
merly soaked  in  vinegar,  but  experience  has  proved  Uiis  to  be  unnecessary,  ^^^)en 
required  a  smtdl  piece  is  cutoff  and  steeped  in  warm  water,  and  the  liquid  added  to  ilio 
milk  previously  heated  to  30*  to  35*.    The  milk  is  hereby  coagulated,  even  in  large 
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quantity,  in  about  2  hours ;  i  part  of  rennet  is  sufficient  for  tlie  purpose  of  coagula- 
ting  1800  parts  of  milk.  The  mode  of  action  of  rennet  is  not  well  understood,  but  it 
does  not  consist,  as  was  formerly  believed,  in  the  instantaneous  conversion  of  a  por- 
tion of  the  lactose  present  in  milk  into  lactic  acid,  since  experiments  have  shown 
that  rennet  coagulates  milk  which  exhibits  an  alkaline  reaction. 

wbcy.  By  the  term  whey  is  understood  the  fluid  in  which  the  coagulated  caseine 
of  milk  floats  and  which  may  be  obtained  either  by  decantation  or  filtration.  The 
whey  of  sour  milk  contains  very  little  lactose  and  a  large  quantity  of  lactic  acid 
(sour  whey) ;  while  sweet  whey,  obtained  by  coagulating  milk  with  rennet  contains 
all  the  lactose.  Sweet  whey  containing  3  to  4  per  mille  of  a  proteine  compound 
(termed  lacto-proteine  by  Millon  and  CommaiUe)  is  evaporated  to  some  extent 
in  Switzerland,  with  the  view  of  obtaining  tlie  sugar  of  milk  in  crystalline  st^te.  The 
LMtoM-sacarof  niUc  substanco  thus  obtained  is  purified  by  re-cr}'stallisation.  Lactose, 
CiaHaaOn  +  H^O,  does  not  possess  a  very  sweet  taste  and  feels  sandy  in  the  mouth. 
It  is  soluble  in  6  parts  of  cold  and  2  parts  of  hot  water.  It  is  not  capable  of  alcoholic 
but  only  of  lactic  acid  fermentation.  By  the  action  of  dilute  acids  sugar  of  milk  is 
converted  into  galactose,  a  kind  of  sugar  similar  to  grape  sugar,  and  is  then  capable 
of  alcoholic  fermentation.  Industrially  sugar  of  milk  is  sometimes  employed  for  the 
purpose  of  reducing  a  silver  solution  to  the  metallic  state,  as  in  the  case  of  looking- 
glass  making.  100  parts  of  the  commercial  sugar  of  milk  from  Switzerland  {a),  and 
firom  Giesmannsdorf  in  Silesia  (&),  were  found  to  consist  (1868)  of: — 

a.  h. 

Salts      

Insoluble  matter 

Foreign  organic  substances . . 

Sugar  of  milk      


""ISiSiSrSir^  By  boiling  milk  the  air  it  has  taken  up  is  eliminated  and 
thereby  the  conversion  of  the  caseine  into  a  ferment,  and  the  consequent  decomposi- 
tion of  the  sugar  of  milk,  prevented.  Milk  may  very  readily  be  kept  fresh  by 
the  addition  of  small  quantities  of  carbonates  of  alkalies  or  borax.  The  coagulation 
of  .milk  (not  its  becoming  sour)  may  be  prevented  by  tl;e  addition  of  some  nitrate  of 
potash,  chloride  of  sodium,  or  other  alkaline  salts. 

TMUnfMiik.  In  localities  where  milk  is  consumed  in  very  large  quantities — ^for 
instance,  in  large  cities  and  towns — it  is  sometimes  adulterated  by  tlie  addition  of 
rice-water,  bran-water,  gum-solution,  and  emulsion  of  sheep's  brain.  The  most 
common  adulteration  of  milk  is  its  dilution  with  more  or  less  water.  Several 
methods  and  instruments  have  been  invented  for  the  purpose  of  testing  the  quantity 
of  caseine  and  butter  present  in  milk,  and  it  should  be  here  observed  tliat,  according 
to  Dr.  F.  Gtoppelroder's  excellent  researches  (1866),  it  has  been  found  that  the 
relative  proportion  of  the  quantity  of  these  substances  varies  in  milk  frcnn  one  day 
to  another,  and  even  in  the  milk  drawn  at  mornings  and  afternoons.  According  to 
Jones's  plan  milk  is  poured  into  a  vertical  graduated  glass  tube ;  the  quality  of  the 
milk  varies  with  the  number  of  graduated  divisions  occupied  by  tlie  cream*  separated 
from  the  milk.  It  is  evident  that  in  this  way  only  the  quantity  of  cream  eontaine^ 
in  the  sample  of  milk  under  examination  is  found,  and  nothing  learnt  aboat  the 
degree  of  dilution  of  the  milk  with  water,  which  somewhat  influeneea  the  rapidity 
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of  tlic  sepuratiozi  of  the  cream.  Chevalier  and  Henry  employ  for  Uie  testing  of 
railk  an  areometer,  the  degrees  of  which  are  ascertained  by  experiment  from  really 
genuine  milk.  Other  methods  are  based  upon  the  use  of  tincture  of  nut-galls  or 
solution  of  sulphate  of  zinc  for  the  purpose  of  precipitating  caserne  and  butter  in  n 
sample  of  geniiine  milk,  and  next  to  compare  the  quantity  of  tliese  reagenta  neces- 
sary to  precipitate  in  an  equal  quantity  by  bulk  of  any  otlier  sample  of  milk. 
I)onn6's  galactoscope  may  be  used  for  the  purpose  of  testing  the  purity  of  milk, 
more  especially  in  reference  to  its  adulteration  with  water,  the  instrument  being 
based  upon  the  greater  or  less  transparency  of  a  column  of  milk  of  a  certain  length 
which  admits  through  it  the  rays  from  the  flame  of  a  lighted  candle  ;  the  more 
transparent— that  is,  the  longer  die  calunin  of  milk — tlie  more  it  is  adulterated  with 
water,  Briinncr  tests  milk  in  tlie  following  munner : — To  20  grms*  uf  tlie  milk  to  bo 
tested  ore  added  10  grms.  of  charcoal  powder.  This  mixture  is  evaporated  to 
dryness  at  a  temperature  of  70"*  to  8o^  The  butter  is  then  extracted  by  means  of 
elher^  and  this  solution  evaporated  and  weighed.  Pare  milk  yields  3*1  to  3*56  per 
cent  of  butter,  cream  from  io'6  to  xi'o6per  cent.  C.  Reichelt  has  lately  tried 
apply  the  hollimetrical  method  (see  p,  422)  for  tlie  purpose  of  determining 
quantity  of  water  contained  in  milk, 

UMxifmik.  ^lilk  is  used  as  food  and  for  the  preparation  of  butter  and  cheese,  for 
clarifj-iag  Tvine  in  order  to  render  it  leas  deep  coloured,  and,  if  turbid,  quite  clear. 
More  recently  milk  has  beeu  largely  sold  an  the  so-called  condensed  state,  by  wldch  i 
understood  milk  evaporated  in  vacuo  after  the  addition  of  sugar  to  the  conaistenc 
of  thick  honey.  This  mode  of  preserving  milk  was  first  employed  by  the  Angla 
Swiss  Condensed  Milk  Company  at  Cham,  Canton  Zug,  Switzerland,  and  ia  no 
carried  on  in  various  parts  of  the  Continent  and  in  the  United  States,  and  also 
England,  iu  Surrey  and  Berkshire.  The  average  composition  of  tlie  condense 
milk  is : — 

Water ,    ...    2244 

Solid  matter      * 7756 

10000 

One-half  of  the  solid  matter  consists  of  the  sugar  which  has  been  added«  tlie 
being  butter,  g  to  12  per  cent;  caseine  and  lacto-proteine,  13  to  13  per  cent ; 
of  milk.  10  to  17  per  cent;  salts,  iz  per  cent  Condensed  milk  is  soluble  in  cold 
water,  and  yields  with  4*5  to  5  parts  of  water  a  liquid  similar  to  genuine,  but  of 
course  sweetened,  milk. 

Biitttf.  This  substance  is  prepared  as  follows: — Milk  of  good  quality  is  pla 
in  a  rather  cool  cellar  or  otlier  locality  for  tlio  purpose  of  causing  tlie  cream 
Beparate.  Thg  cream  is  poured  into  a  clean  Btonewnro  or  glass  Teasel  kept  for  tJ 
purpose,  and  left  until  by  consUut  etirring  it  has  become  tJiick  and  sour ;  it  is  the 
put  into  a  churri»  by  tlie  action  of  which  the  solid  fat  globules  are  separated  from  \ 
thick  fluid  in  which  the  caseine  with  a  small  quantity  of  butter  remains  suspondod* 
Butter  being  Bpecrftcally  lighter  than  water  should,  it  might  be  tliought,  separate 
very  readily  from  a  liquid  which  contains  in  solution  various  substances  wliich  1 
heavier ;  but  the  fact  is,  that  caseine  renders  the  separation  of  butter  from 
difficult  even  when  the  cream  is  sweet  and  not  thick ;  wheu^  on  the  other  hand«  i 
coagulates  before  the  cream  is  separated,  the  butter  is  lost.  Two  methods  have  1 
devised  for  the  purpose  of  obtaining  all  the  butter  contained  in  milk.    Gussander,  a 
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Swedish  agricultarist,  has  proposed  that  the  separation  of  cream  should  be  rendered 
more  rapid,  and  always  completed  before  the  milk  becomes  sour,  while  Trommer 
prevents  the  souring  of  the  milk  by  the  addition  of  some  soda. 

The  chums  vary  very  much  in  construction ;  the  most  simple,  which  is  that  most 
extensively  used,  consists  of  a  tall  somewhat  conical  wooden  vessel  covered  with  a 
wooden  lid,  through  a  round  opening  in  which  a  cylindrical  wooden  stem  passes. 
To  this  stem  is  fixed  a  wooden  perforated  disc,  which  is  moved  upwards  and  downwards 
by  a  similar  motion  imparted  to  the  stem.  The  butter  having  been  separated  from  the 
liquid  is  thoroughly  washed  and  kneaded  with  fresh  water,  and  next  more  or  less 
salted,  at  least  in  most  cases,  although  thoroughly  well- washed  butter  may  be  kept 
for  a  very  long  time  without  becoming  rancid.  The  liquid  from  which  the  butter  is 
separated  is  known  as  chum -milk  or  buttermilk;  it  contains  024  per  cent  butter, 
3*82  per  cent  casein,  90*80  per  cent  water,  5*14  per  cent  sugar  of  milk  and  salts.  In 
the  water  lactic  acid  is  present.  18  parts  of  milk  yield  on  an  average  i  part  of 
butter,  which  in  fresh  condition  consists  of: — 

Butter  fat       

Caseine,  sugar  of  milk ) 
Extractive  matter      i  * 
Water     

Owing  to  the  presence  of  water  and  caseine,  butter  after  some  time  becomes  rancid. 
It  is  salted  in  order  to  prevent  this  rancidity  as  much  as  possible,  the  salt  being 
thoroughly  mixed  with  the  butter  by  kneading.  To  i  kilo,  of  butter  30  grms.  of  salt 
are  required.  According  to  Dr.  Wagner,  butter  in  England  is  salted  with  a  mixture 
of  4  parts  of  common  salt,  i  part  of  saltpetre,  and  i  part  of  sugar.  In  Scotland, 
France,  Southern  and  Western  Germany,  butter  is  not  salted  at  all,  and  therefore 
only  made  and  sold  in  comparatively  small  quantities  at  a  time.  Salt  butter  is 
termed  in  Scotland  pounded  butter. 

By  melting  butter  until  the  first  turbid  liquid  has  become  clear  and  oily,  water 
and  caseine  are  eliminated,  and  settling  to  the  bottom  of  the  vessel,  the  supematant 
fat  may  be  put  into  another  vessel,  and  wiU,  after  cooling,  keep  sweet  without  salt 
for  any  length  of  time.  Butter  is  often  artificially  coloured  either  by  the  aid  of  annatto, 
turmeric,  or  infusion  of  calendula  flowers. 

Chemical  Natnn  of  Bntur.  Buttcr  cousists  of  a  mixturo  of  ucutral  fats — ^glycerides — 
which  on  being  saponified  yield  several  fatty  acids,  among  which  the  non- volatile 
are : — Palmitinic  acid,  CxeHjaOa,  and  butyroleic  acid  (CjaHjoOa).  The  volatile  are : — 
Butyric  acid*  (C4H80a),  capronic  acid  (CeHjaOa),  caprylic  acid  (CsHxsOa),  caprinic 
acid  (GxoHfloOa).  The  last  four  constitute  in  the  shape  of  glycerides  the  butyrin  or 
peculiar  fat  of  butter,  and  impart  to  that  substance  its  peculiar  odour  and  flavour. 

chMM.  Cheese  is  prepared  from  caseine.  It  is  made  either  from  skimmed  or 
unskimmed  milk.  In  the  former  case  a  lean,  dry  cheese  is  obtained;  in  the 
latter  a  fat  cheese,  such  as  Cheshire,  Cheddar,  American,  and  the  bulk  of 
Holland  cheeses.  Lean  cheese  is  made  in  Germany  by  pouring  the  skimmed 
and  already  sour  milk  upon  a  cloth,  through  the  pores  of  which  the  whey  passes, 

*  This  add  is  fomied  not  only  by  the  saponification  of  butter,  but  is  also  met  with  in 
secreted  perspiration,  the  juices  of  the  stomach,  and  results  from  the  fermentation  and 
decay  of  sugar  (in  weak  solutions),  starch,  fibrine,  caseins  &c. 
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while  the  casein e  remains  on  iU  sorfaee  as  a  pasty  maa^,  which  is  put  by  hand  into 
the  cheese -moultls»  these  being  next  exposed  to  air. 

Fat  cheese  is  made  of  sweet  milk  jnst  dm^vn  from  the  cows,  the  milk  being 
coagulated  by  rennet  after  having  been  heated  to  30**  to  40*.  The  gelatinous  mass 
thus  obtained  is  broken  up  and  pressed  by  Jrand,  nnd  the  whey  gradually  Femoved 
by  the  aid  of  wooden  ladles*  The  caseinc  haviii^Lf  been  freed  from  whey  is  next  well 
kneaded  witli  some  common  salt  and  tliea  put  into  wooden  moulds  witli  two  or  three 
small  holes  at  the  bottom  for  tJie  purpose  of  allowing  the  whey  to  flow  ofl^  when  the 
cheese  is  pressed.  The  newly  made  cheese  is  usually  every  alternate  day  dipped  in 
warmed  whey,  next  wiped  dry,  put  into  tlie  mould  again,  and  pressed.  Wien  the 
crust  has  sufficiently  formed  and  the  cheese  become  so  hard  as  to  admit  of  being 
handled,  some  salt  is  rubhed  into  its  surface  and  it  is  then  placed  in  a  cool  well-aircd 
room  upon  a  shelf  to  dry,  and  become  as  it  is  termed  ripe.  The  vesicnlar  appearance 
of  some  kiiuls  of  cheese  (the  Grnyero  cheese  exhibits  this  in  a  high  degree)  is  indi- 
rectly duo  to  the  incomplete  removal  of  the  whey,  the  sugar  contained  becoming 
during  the  ripening  converted  into  alcohol  and  carbonic  acid,  which  by  its 
expansion  while  escaping  produces  the  vesicular  texture,  Dutch  cheese  doea  nat 
exhibit  tliis  appearance  on  account  of  being  strongly  pressed  and  containing  much  salt, 
by  which  the  fennentation  of  tlie  sugar  of  milk  in  the  cheese  is  prevented.  The 
quality  of  the  uht:ese  depends  to  some  extent  upon  the  temperature  of  the  room  in 
wMch  it  ripens.  At  lUIgau  1  cvvt.  of  Swiss  cheese  of  the  lirst  quality  is  produced 
from  600  litres  of  milk,  while  for  the  second  quality  720  to  750  litres  of  milk 
taken  for  the  same  weight.  The  theory  of  cheese  formation  is  not  well  known,  but^ 
it  appears  that  fermentation  plays  an  important  part  in  it,  W.  IlaUier  has  proved 
that  freshly  made  cheese  is  filled  with  ferment  nuclei  {Kernhffe). 

Cheese  cannot  he  formed  withoat  this  fermtmt,  and  by  the  addition  of  suitable 
ferments  tlie  duration  of  the  cheesc-ripetiing  process  and  tlie'  qnahty  of  the  che 
may  be  to  some  extent  regulated  at  will.    By  exposure   to  air  cheese  under- 
changes  which  maybe  best  observed  in  Bkimmed-milk  cheese.    When  new  or  yon 
its  colour  is  white.    By  being  kept  so  that  it  doea  not  dry,  it  turns  yellow  and  often 
becomes  transparent,  waxy,  and  then  exliibita  tlie  peculiar  odour  of  cheese.    When 
cheese  get^  very  old  it  becomes  a  soft  pasty  mass,  this  change  commencing  at  the 
outside  and  progressing  towards  the  interior.     The  waxiness  of  cheese  is  due  either 
to  an  evolution  of  ammonia  or  of  actd.  Mild  cheese  usually  exhibits  an  acid  reaction, 
while  strong  cheese  is  animouiacal.     Chemically  speaking,  skimmed-milk  cheese  vk 
a  compound  of  caseiae  i\ith  ammonia  or  ammouia  bases,  amylamino  for  in8ia]ic6;| 
The  sO'Called  dry  cheeses,  green  Swiss  cheese,  consists  of  an  infusion  of  herbs, ' 
Melilotusy  &c.,  witli  volatile  fatty  acids,  valerianic^  capric,  caproic  acids,  and  indif- 
ferent substances,  leucin,  kc.    The  ctmiposition  of  sweet  mUk  cheese  (a)  and  of  8011kJ 
akim-nulk  cheese  \b)  is  exhibited  hy  the  following  table : — 


a* 

h. 

Water    *..     ... 

56a 

44^ 

Caseine 

,..    ..,    „,    ago 

450 

Fatty  matter.,. 

305 

60 

Ash        ..,     ... 

•••     •••     ••■       4  5 

50 

1000 


lOO'O 
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The  results  of  tlie  researches  of  Payen  on  cheese  are  quoted  below  in  100  parts  for 
the  following  kinds: — i.  Brie.  2.  Oamembert.  3.  Roquefort.  4.  Double  cream 
cheese.  5.  Old  Neufchatel  cheese.  6.  New  Neufchatel  cheese.  7.  Cheshire. 
8.  Gruy^re.    9.  Ordinary  Dutch.    10.  Parmesan  cheese. 

1. 


I.  2.  3.  4.  5. 

Water 4520  5190  3450  950  34-50 

Nitrogenous  matter     ...     18*50  18*90  2650  18-40  13*00 

Nitrogen        293  300  4*21  292  3*31 

Fatty  matters       2570  2100  3010  59*90  4190 

Salts      5*60  470  5*oo  6*50  360 

500  4*50  3*90  570  700 

n. 


Non-nitrogenous  organic  \ 
matter  and  loss  ' 


6.             7.  8.             9.  10. 

Water 3660  3590  4000  36*  10  2760 

Nitrogenous  matter     ...      8*oo  30*00  31*50  29*40  44*10 

Nitrogen  .     .*.       1-27  413  500          480  7*00 

Fatty  matters       4070  2030  24*00  2750  1600 

Salts      050  4*20  3*oo         090  .   570 

Non-nitrogenous  organic^.^^  ^.^  ^.^^         g.^„  ^.^ 
matter  and  loss            j 

The  varieties  mentioned  under  I.  exhibit  an  alkaline  reaction,  and  contain  with 
ammonia  cryptogamio  plants,  or,  as  it  is  termed,  are  mouldy.  The  varieties  under 
n.,  so-called  boiled,  strongly  pressed  and  salted,  cheese,  exhibit  an  acid  reaction,  as 
also  does  freshly  prepared  caseine.  A  portion  of  the  fat  contained  in  the  cheese  is 
even  from  the  first  decomposed  into  glycerine  and  fatty  acids. 

Emmenthaler  (a)  and  Backstein  ip)  cheese  are  composed,  according  to  Lindt'fi 
researches  (1868),  as  follows: — 


Water 

37-4 

367 

45*2 

35-8 

Fatty  matters    

30*6 

30*5 

28-2 

37-4 

Caseine      

28*5 

29*0 

23*2 

24*4 

Salts    .... 

3*5 

3-8 

3*4 

2*4 

loo'o  1000  1000  1000 

The  results  of  E.  Homig's  recent  analyses  (1869)  of  different  kinds  of  cheese  are : — 


z. 

2. 

3- 

4- 

5- 

6. 

7- 

8. 

Water      3866 

5660 

51-21 

57-64 

3672 

34*08 

59*28 

49*34 

Fatty  matters  ...    20*  14 

17-05 

916 

20*31 

33-69 

2804 

10-44 

20*63 

Caseine    34'90 

1876 

33-60 

18-51 

25*67 

23-28 

24*09 

24*26 

Salts 6*17 

678 

601 

3-51 

371 

5-58 

617 

5-45 

Loss 0*13 

0*81 

0-02 

0*04 

0*2I 

O-02 

002 

0-32 

100*00   ICO'OO   100*00   100*00   100*00   100*00   100*00   100*00 
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t,  Dutch  cheese,  2  and  3,  Hamadoux  cheese,  made  in  Bavaria,  4,  Neufo!iatcl 
cheese.  5.  Gorgon^ola  cheese,  6*  Bringen  or  Liptau  cheese,  from  tlio  Zj-ps 
Comitat,  Hungary,  7,  Schwarzenbei^  cheese,  8,  Llmburg  cheese,  made  in  the 
environs  of  DoUiain-Limburg,  iu  Belj^um. 

Freshlj  made  caseine  mixed  with  hme  is  used  as  a  kind  of  cement,  Cofeine  is 
also  used  in  calico-printing  as  a  mordant ;  and  a  solution  of  caseine  in  borax  is  use 
instead  of  glue.  In  the  seeds  of  the  leguminous  plants,  peas,  beans,  lentils,  &c.,  isl 
met  with  a  nitrogenous  substance  wliich  is  soluble  in  water  and  precipitable  there- 
from by  weak  acids;  this  material  is  very  similar  to  caseine,  and  according  to 
M.  J.  Itiers*s  accounts,  peas  and  beans  are  in  China  Taoiled  with  water  and  strained, 
and  to  the  liquid  thus  obtained  some  solution  of  gypsum  is  added,  whereby  the 
vegetable  cnseine  (legumine)  is  coagulated,  and  the  coagulum  tlius  obtained  is 
treated  as  that  of  milk,  obtained  by  tlie  addition  of  rennet  to  the  latter.  The  ma 
so  obtained  gradually  becomes  hke  cheese  in  all  respects. 

Meat, 

3aa*nuUi>f.       That  wliicli  WO   term   butciiers'  meat  is   the  muscular  substance   of' 
slaughtered  animals,  together  with  mure  or  less  fat^and  bone,   so   that  the  meat 
exhibited  for  sale  contains  on  an  average  in  loo  porta : — 

Muscular  tissue     ,.. .„     16 

Fat  and  cellular  tissue 3 

Bones      ...     ., 10 

Juices 71 


MuBCular  tissue  is  histologically  composed  of  a  variety  of  complex  tissues  and 
liuids,  the  basis  of  which  is  animal  fibre  or  fibrin^  an  organised  proteine  compound.  ^ 
The  muscular  fibre  held  together  by  cellular  tissue  forms  the  muscles,  fat 
deposited  in  the  cellular  tissue  and  in  cells  peculiarly  constructed  for  that  pu 
Blood-vessels,  Jympli-vcssels,  nerves,   and  other   organised  tissues  are  disper 
through  the  muscles  and  scrvp  a  variety  of  physiological  purposes.    The  muscula 
tissue  is  impregnated  w  ith  a  proteine  fluid  in  which  are  met  w  ith  a  variety  of  othe 
substances,  as  kreatinin,  hypoxanthin,  krealin,  inosite  or  nmscular  sugar,  lactic  acid, 
inosinic  acid,   extractive  matter,  and  inorganic   suits — among    these    chloride  of 
potassiimi  and  phosphate  of  magnesia. 

ootutuuonia  of  Ubbl  The  average  result  of  a  great  number  of  researches  recently  ma 
OE  the  large  scale  concerning  liie  quantity  of  water  cofttained  in  the  meat  of  fnttene 
and  half-  or  non-fiiltencd  animals,  are  the  folloiving: — 

Lamb.      Sheep,    Bullock.      Pig. 

In  tlic  non-fattened  meat     62  58  —  56 

„     „  half-fattened  meat     —  50  54  — 

„     „  fully -fattened  meat    49  40  46  39 

„    „  fat  meat      .,. —  $3  —  — 

It  hence  oppearE  that  with  an  increase  of  fat  the  quantity  of  water  present  in  meal 
decreases,  a  portion  being  replaced  by  fat.  Well  fed  and  fattened  meat  contains  for 
erpal  weights  about  40  per  cent  more  dry  animal  matter  than  non-fattened  mewl  j 
while  in  highly  fattened  meat  it  may  amount  to  Co  per  cent. 


MEAT.  563 

The  difference  in  nutritive  value  of  the  meat  of  well-fattened  bullocks  as  compared 

with  that  of  non-fattened  is  exhibited  in  the  following  percentage  results  obtained  by 

Breunlin : — 

Fattened.  Non- fattened. 

Water    ...     ...     38*97  5968 

Ash        151  1*44 

Fat 2387  807 

Muscle 3665  3081 


locx)  grms.  contain : — 

MuBcular 
Meat.  Fat.  Ash.        Water. 

Meat  from  fattened  bullocks 356  239  15  390 

Meat  from  non-fattened  bullocks...    308  81  14  597 

Difference       +48        +158  +1        —207 

Consequently  the  meat  of  fattened  bullocks  contains  in  1000  parts  207  more  of 
solid  nutritive  matter  Uian  the  meat  of  the  same  in  unfattened  condition. 

Tbo  Cooking  of  Meat  Meat  is  either  roasted  or  boiled.  By  boiling,  meat  is  very  essentially 
altered  in  composition  according  to  the  time  it  is  boiled  and  the  quantity  of  water 
used  to  boil  it  in.  The  fluid  in  which  meat  has  been  boiled  contains  soluble  alkaline 
phosphates,  salts  of  lactic  and  inosinic  acids,  phosphate  of  magnesia,  and  a  trace  of 
phosphate  of  lime.  In  order  to  be  of  the  liighest  nutritive  value,  meat  should  retain 
all  its  soluble  constituents ;  hence  boiled  meat  loses  much  in  nutritive  power.  Tlie 
albumen  contained  in  meat  is  lost  by  boiling  according  to  the  usual  plan.  ^leat 
intended  to  be  boiled  should  be  immersed  in  boiling  water  to  which  some  salt  has 
been  added,  the  meat  being  put  in  while  the  water  boils  violently,  whereby  so  great 
a  heat  is  at  once  imparted  to  the  outer  portions  of  the  meat  as  to  coagulate  the 
albumen,  which  then  acts  as  an  impermeable  layer,  retaining  tlie  juices  in  the  meat. 
Liebig's  directions  for  making  good  brotli  are  the  following : — Lean  meat  is  minced, 
mixed  with  distilled  water,  to  which  a  few  drops  of  hydrocliloric  acid  and  common 
salt  are  added.  After  having  been  digested  in  the  cold  for  about  an  hour,  tlic  liquid 
is  strained  through  a  sieve,  and  upon  the  residue  some  distilled  water  is  again 
poured  so  as  to  extract  all  soluble  matter.  In  this  way  an  excellent  and  highly 
nutritive  cold  solution  of  extract  of  meat  is  obtained ;  this  may  be  drunk  without 
being  heated,  and  contains  albumen  in  solution,  which  is  coagulated  by  heating. 
100  parts  of  beef  yield  an  extract  containing  2*95  parts  of  albumen  and  3  05  parts  of 
other  constituents  of  meat  not  coagulable  by  heat.  Chevreul  obtained  from  500  grms. 
of  beef  containing  77  per  cent  water,  27*  25  grms.  of  extract,  in  which  were  325  grms. 
ftit ;  deducting  these  there  remain  48  per  cent  extract.  The  bulk  of  this  fluid  extract 
was  1*25  litre,  the  weight  1013  grms.,  and  it  contained : — 

Water      991*30 

rk««««;^  «,«**«- /Soluble  in  alcohol    0*44 

^'^^'""'"'^Mlnsoluble  in  alcohol        |-«     • 

Alkaline  salts 867 

Earthy  phosphates 0*4.6 

1013-09 
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BroUi  made  ^om  beisf  containa  onlj  5  parts  of  mejit  substance  incla^ve  of  glue 
mid  fat, 
tinder  the  best  conditions,  i  kUo.  of  beef  yields  :— 

Soluble  in  cold  water 


Insoluble  in  cold  water 

Fflt      

Wiiter 


-.  J  Coagulated  albumcu 
I  Albuuien  in  solution 
I  Glue-yielding  substance 

7^1  Fibrous  matter      ...     . . . 


The  Douifiu  of »«!.  We  bnve  already  stated  that  the  meat  intended  to  be  boiled 
should  be  immersed  in  boiling  water  and  the  fluid  kept  boiliag  for  a  few  minutes,  so 
much  cold  water  beiug  next  added  as  mil  reduce  the  temperatUTe  of  the  liquid  to 
70'*  or  74*.  At  tliat  heut  Uie  liquid  should  be  kept  for  some  hours  to  produce  a  very 
savoury  I  sweet,  succulent  piece  of  boiled  meat.  If,  however,  it  is  desired  to  moke  a 
strong  broth,  lean  meat  is  first  minced,  next  well  exliausted  vni\i  cold  water,  and  llieu 
slowly  heated — best  on  a  water-batli — ^and  jujit  allowed  to  come  to  the  boil  over  a  alow 
fire.  The  liquid  is  strained  from  the  solid  meat,  and  the  hitter  put  into  a  clean  cloth  and 
well  pressed.  The  residue  is  lit  only  for  tlie  making  of  manure.  The  brotli  may  be 
coloured  with  caramel  if  desired.  Broth  so  made  contains  all  the  soluble  consti- 
tuents of  meat,  and  exhibits  an  acid  reaction  owing  to  the  free  lactic  and  inosinic 
acids.  Broth  does  not  owe  its  good  properties  to  tlie  gelatine  it  contains,  this 
substance  being  present  in  verj*  small  quuntities,  while  the  so  called  houillon 
tahhltes  obtained  from  bones  are  altogether  nufit  for  food.  These  tablettes  should 
not  be  confused  wiOi  solid  meat-extract  cakes  of  Russian  make,  which  contAin^ 
according  to  Beichardt  (i86q)  .'^ 

Water  driven  off  at  100"    ,, 15  13  per  cent. 

Ash        475    ,.      „ 

Fat        ... •..     ...     *,.       0*22    ,t      f. 

Nitro^eu       , iO'57    -      »■ 

Substance  soluble  in  alcohol  at  80 per  cent  ...  58*09  .,  ,, 
Wh^  broth  is  boiled  for  a  long  time  it  becomes  deep  coloured  and  assumes 
the  very  agreeable  llavour  of  roast  meat,  Evopornted  upon  a  wuter-batli  it  yields  a 
pasty  deep  brown-coloured  mass,  iS  27  grms.  of  wliich  yields  witli  i  lb.  of  hot  water 
and  the  addition  of  some  salt,  a  very  strong  and  excellent  soup.  32  lbs.  of  bonee 
with  the  adhering  scraps  of  lean  meat  yield  i  lb,  of  tlxis  cxtraet.  Extract  of  meat  as 
generally  met  witJi  is  now  made  in  South  America  by  several  linus,  viz.,  at  Fray- 
Bentos,  Uniguay,  Gualegunyehu  tEnlre  Kiosl.  1  kilo,  of  this  extract  contains  all  the 
Bolublo  portion  of  34  kilos,  of  meat  without  bones,  or  45  kilos,  of  average  butchers* 
meat.  Australian  extract  of  beef  (the  American  extract  is  of  mutton  and  beef  mixed, 
manufactured  by  K.  Toolhl  is  largely  imported  into  Europe.  The  chief  test  for  tlie, 
jjurity  of  the  extract  of  meat  is  its  solubility  in  alcohol  at*8o  per  cent,  next  the 
quantity  of  moisture  it  contains,  and  the  ab.srnce  of  albumen  and  fat,  60  per  eent  of 
tlie  extiact  at  least  should  bt*  soluble  in  alcohol.  The  quantity  of  water  amounts  to 
about  16  per  cent,  the  nitrogen  to  10  percent,  and  tlie  ash  to  18  to  ^aperocnt, 
consisting  essentially  of  phosphate  of  lime  and  magnesia,  chlorides  of  the  alkalies, 
axnoDg  which  potassium  cliloride  predominates, 

Pri«vnUi*a  nr  M«Bt,      Auiong  the  many  methods  employed  for  the  presentation  of  meat, 
tliat  by  complete  exclusion  of  air  ranks  foremost.    Appert*a  plan  of  packing  meat  ill 
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tin  canisters,  from  which  the  air  is  completely  exhausted,  is  generally  the  follow- 
ing:— The  meat,  or  very  concentrated  soups,  game,  &c.,  is  put  into  tin  canisters, 
which  are  thoroughly  filled.  A  Ud  is  then  soldered  on,  in  which  a  small  hole  is  made 
for  the  purpose  of  entirely  filling  any  interstices  with  gravy.  This  having  been 
done,  the  small  hole  is  soldered  over,  after  which  the  canisters  are  placed  in  a 
cauldron  filled  with  brine  and  boiled  therein  for  a  half  to  four  hours,  according  to 
the  size  of  the  canisters.  When  any  of  them  is  not  well  soldered,  there  will 
issue  from  the  leakage  smaller  or  larger  vesicles  of  air  and  vapour,  and  where 
such  is  the  case  hot  solder  is  applied  to  the  spot.  By  this  boiling  the  albuminous 
substances  are  coagulated  and  converted  into  a  less-readily  putrescible  modification. 
The  oxygen  of  the  air  contained  in  the  canisters  is  partly  converted  into  carbonic 
acid,  partly  deozonised,  and  thus  rendered  ineffective  for  the  production  of  putres- 
cence. After  having  been  submitted  to  the  action  of  boiling  heat  for  some  time,  the 
canisters  are  placed  in  a  room  heated  to  30",  and  left  there  in  order  to  test  whether 
putrefaction  <jan  set  in,  manifested  by  the  bulging  outward  of  the  top  cover,  which, 
if  the  operation  has  been  thoroughly  successful,  is  usually  somewhat  concave  in  con- 
sequence of  a  vacuum  having  been  formed  inside  the  tin.  After  having  been  thus 
tested  for  several  days,  the  canisters  may  be  considered  sound,  and  will  keep  for  an 
indefinite  period.  Dr.  Redwood's  method  of  preserving  meat  under  a  layer  of 
paraffin,  and  Shaler's  plan  of  preserving  meat  in  dry  carbonic  acid  gas  at  o**,  are  in 
principle  the  same  as  Appert's  method. 

^v7iSdS!J?£  oi  w»t«?.'  Meat  may  be  preserved  by  drying  it  or  salting  it,  both  methods 
being  based  upon  the  withdrawing  of  tlie  water.  Although  drying  is  the  best 
method  of  preserving  meat,  it  is  an  operation  attended  with  very  great  diffi- 
culty. The  natives  of  Nortli  and  South  America  cure  meat  by  cutting  it  into 
thin  strips,  removing  the  fat,  and  rubbing  Indian-corn  meal  on  the  surface.  Thus 
prepared,  the  meat  is  exposed  to  the  heat  of  il\e  sun  and  dries  rapidly,  forming  a 
flexible  non-putrescent  mass,  wliich  in  North  America  is  termed  Pemmikan^  in 
South  America  Tassajo,  and  in  Soutli  Africa  Biltongiu,  100  parts  of  beef,  which  is, 
after  drying,  rolled  up  so  as  to  form  a  compact  mass,  yield  26  parts  of  tassajo.  The 
drying  of  meat  is  in  Europe  never  effected  on  a  large  scale,  partly  on  account  of  tlie 
low  temperature,  partly  on  account  of  the  necessity  of  cutting  the  meat  into  pieces, 
rendering  it  in  many  instances  unfit  for  culinary  purposes. 

Many  preparations  of  flour  and  meat  extract  have  been  introduced  at  different 
times  under  the  name  of  meat-biscuit,  first  made  in  1850  by  Gail  Bordon,  at 
Galveston,  in  Texas,  U.S.,  and  greatly  improved  upon  by  C.  Thiel,  at  Darmstadt. 
The  latter  minces  fresh  lean  meat,  next  exhausts  it  with  water,  and  uses  the  liquid 
obtained  for  mixing  with  the  flour  instead  of  water.  The  large  biscuit  manufacturing 
firms  in  England,  especially  Huntley  and  Palmer  at  Reading,  prepare  patent  meat- 
biscuits  or  wafers,  made  with  Liebig's  extract  of  meat  and  Hassall's  flour  of  meat. 
On  the  Continent,  E.  Jacobsen,  at  Berlin,  prepare^  a  similar  biscuit,  more  especially 
with  the  view  of  preparing  soup.  To  the  mixtures  of  animal  and  vegetable  matter 
prepared  so  as  to  be  suitable  for  keeping  for  a  length  of  time  belong  tlie  pea- 
sausages,  first  made  by  Griineberg  in  Berlin,  and  largely  used  during  the  late  war 
8/3  an  excellent  food  for  the  German  armies. 

Slating  Meat  This  method  of  preserving  meat,  based  upon  tlie  principle  of  with- 
drawing water,  has  been  used  from  time  immemorial.  The  salt,  while  penetrating 
into  the  meat  and  thereby  hardening  it,  displaces  the  water  and  aids  the  preservation 
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of  tlie  substance.  The  freshly -slaughtcretl  meat  is  first  rubbed  with  coarse  salt,  and 
then  left  in  a  cask  with  salt  for  gome  days.  It  is  next  pressed  and  put  into  another 
cask,  the  wood  of  which  has  been  previously  soaked  witli  brine.  Some  salt  is  llien 
addod,  and  lastly  the  brine,  wliich  Imd  been  obtained  by  pressing  the  meat,  is 
poured  over  it*  and  the  lid  of  the  cask  put  on,  Frequt^ntly  some  nitrate  of  potash 
and  sugar  are  added,  as  well  on  account  of  the  antiseptic  property  of  these  substances 
as  fur  imparting  a  bright  red  colour  to  the  meat. 

Salt,  however,  not  only  withdraws  water  from  the  meat»  but  also,  as  Ima  been  proved 
by  Dr.  Liebig'a  researches,  some  of  the  verj'  best  and  essential  portion  of  the  juices  of 
the  mmi,  including  albumen,  lactic  and  phosplioric  acids,  roagnesifl,  potash,  kreatin, 
mul  kreatinin.  Hence  it  is  clear,  that  unless  those  substances  are  in  some  way  or  othe 
added  to  tlio  salted  meat,  Its  use  as  food  for  a  lengtliened  period  cannot  fail  to  becomi 
injurious  to  the  system,  and  it  is  surmised  that  scurvy  Is  duo  to  this  condition  of  ! 
meat.     Liebig  has  suggested  that  meat,  instead  of  being  treated  with  dry  salt,  shoul^^ 
be  sfdted  with  a  strong  brine  made  up  of  common  salt,  Chili  saltpetre,  chloride  of 
potassium,  and  extract  of  meat.     The  salt  to  be  used  for  making  tiiis  brine  should  b#| 
previously  purified  by  tlie  application  of  a  solution  of  pliosphate  of  soda,  whereby 
lime  and  magnesia  are  precipitated.     Cirio's  method  of  meat  preservation,  which  was 
exhibited  in  1867  at  the  Paris  Exhibition,  consists  in  placing  tlie  meat  tn  tacuo  and 
llien  forcing  brine  into  it,     I3y  this  process  tho  nutritive  value  of  meat  is  much 
impaired  owing  to  tho  loss  of  the  juices. 

siDoUivc  or  oaiinf  ii«iu      TIic  rationale  of  this  proc(*ss  and  tho  proscrvaiive  action  of  the 
smoke  have  not  been  scientifically  elucidated.   In  the  first  place  tlie  heat  of  the  smok 
dries  the  meat,  while,  further,  smoke  contains  a  creosote,  which,  according  to 
more  recent  researches  of  Hlasiwetz.  Gorup-Besanex,  Harasse,  and  others,  es86ntiiil]j| 
consists  of  a  mixture  of  CyllgOa,  CsHioOa,  and  C^Hi^Oa.    Tliis  creosote  posa^se 
tlie  property  of  coagulating  the  albuminous  substiinces  of  meat,  and  once  coagulated 
and  thertfby  rendered  insoluble  these  sabstanees  are  not  capable  of  decay,  or  onljN 
so  after  a  very  great  lapse  of  time.    Smoke,  moreover,  contains  some  pyroligueous  acidP 
and  other  creosote-like  substances  (oxyphenic  and  carbolic  acids) ,  which  undoubtedl| 
play  Siomo  part  in  the  preservative  action. 

Vinegar  is  an  excellent  preservative  of  meat,  especially  in  hot  summer  weather. 
Abroad  meat  is  frequently  put  into  a  clean  linen  clotli  which  is  thoroughly  soaked 
witli  vinegar,  some  salt  also  being  sprinkled  on  the  cloth*  Meat  kept  for  a  few  days 
in  t^iis  manner  is  very  tender  and  readily  digested.  It  is  very  probable  that  vinegapj 
might  be  advantageously  employed  on  the  large  scale  for  the  preservation  of  memlf 
together  with  complete  exclusion  of  aii'.  In  order  to  prevent  the  vinegar  extracting 
the  juices  of  the  meat,  the  latter  should  be  exposed  to  the  action  of  tlie  vapours  o^ 
strong  vinegar. 

.Lamy  more  recently,  and  Braconnot,  Robert,  and  De  Domlmslc,  nearly  half  a  cen- 
tury ago,  proposed  to  prcser%"e  meat  by  tlie  aid  of  sulphurous  acid  gas,  pieces  of  meat 
weighing  some  z  to  3  kilos,  being  exposed  to  the  action  of  this  gas  for  ten  minutej, 
while  larger  pieces  of  10  kilos,  and  more,  are  exposed  to  tJio  action  of  the  gas  for  20  to 
25  minutes.  After  haviugbceu  exposed  to  fresh  air  for  some  minutes  for  the  purposoJ 
of  getting  rid  of  tlio  excess  of  the  gas,  the  meat  is  coated  with  a  brush  with  a  sfdu- 
lion  of  albumen  in  a  decoction  of  marsh-mallow  root,  to  which  some  molasses  have 
been  added.  Very  recently  meat  has  been  preserved  by  first  drying  it  in  a  current  <if  j 
hot  air  and  next  coating  it  with  a  lilm  of  caoutchouc  or  gutta  percha,  by  immemn| 
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the  meat  in  a  solution  of  these  substances  in  chloroform  or  sulphide  of  carbon.  It  is 
very  generally  known  that  a  temperature  below  freezing-point  is  a  most  perfect  pro- 
tection against  decay  of  ^imal  matter ;  hence  ice  is  largely  used  for  the  preservation 
of  fish  in  summer  time.  Meat  as  well  as  game  and  poultry  are  best  preserved  in  hot 
weather  in  ice  pits.  In  no  country  of  the  world  is  so  much  use  made  of  this  mode 
of  preserving  meat  and  vegetables  as  in  Bussia.  where  the  very  severe  winter  is 
turned  to  good  account  by  the  preserving  of  all  kinds  of  animal  food ;  in  fact,  oxen, 
sheep,  hogs,  deer,  and  all  kinds  of  game  and  poultry  are  brouglit  to  market  in  a  frozen 
condition,  and  may  be  kept  so  for  any  length  of  time  witliout  impairing  the  goodness 
or  taste  after  cooking.  At  St.  Petersburg  large  stores  of  frozen  animal  food  and 
game  brought  from  distances  of  hundred  of  miles  are  kept  throughout  the  winter.  At 
the  Domburg,  near  Hadamar  (Province  of  Nassau,  Prussia),  a  natural  permanent 
ice  store  exists  wherein  perishable  food  is  kept  stored  in  large  quantity.  The 
artificial  production  of  ice  by  means  of  Carr6's  machine  is  employed  in  New  South 
Wales  for  the  freezing  of  meat,  which  is  next  packed  in  ice  ready  for  transport 
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On  DV£tNO  AND  Pm^'TlXG  IN   Ge>'eral. 

0r«iii<MidPic(iiitngtnQ«ii6rAL  The  object  of  Iba  art  of  dyeing  is  to  impftrt  to  textila 
fibres,  ehiedj  in  tlie  shape  of  woven  tissue,  but  in  manj  instaticea  as  jam,  some 
colour  or  other.  Djeing  is  diBtingiiislied  from  painting  by  tl:ie  fact  that  the 
pigments  are  fixed  to  the  animal  and  vegetablo  textile  fibres  according  to  certain 
physico-chemical  principles,  and  are  not,  as  in  painting,  simply  fixed  by  adhesion  to 
l)ie  surface,  although  pointers  and  artista  occasionally  use  Llie  same  pigments. 
Printing  consists  in  the  dupHcation  of  coloured  patterns,  and  is  a  very  important  pajrt 
of  dyeing, 

Dyoi.  The  materiak  employed  for  Uie  production  of  colours,  the  dyes  and  pigments. 
are  partly  of  mineral,  animal,  and  vegetable  origin,  partly  artificially  obtained — Ihut 
ig,  the  products  of  modem  chemistry.  Among  the  very  large  number  of  inorganic 
pigments  few  only  are  as  sucJi  fit  for  use,  and  if  employed  at  all  it  is  by  an  indirect  or 
circuitous  process,  that  is,  they  are  produced  upon  the  woven  fabric  itself.  For 
instance,  chromate  of  lead  is  obtained  by  first  impregnating  the  woven  tissue  witJi 
acetate  of  lead,  after  which  tlie  fabric  is  treated  witli  a  solution  of  bichromate  or 
neutral  chromate  of  potaih,  the  result  being  tlie  formation  of  a  solid  adhering 
chromate  of  lead.  Among  many  other  inorganic  pigments  may  be  cnumemted^ — 
Berlin  blue  ;  hydrated  oxide  of  iron,  for  drab,  nankeen,  or  rust  colour ;  bistre  colour, 
hydrated  Oxide  of  manganese :  chrome-green,  oxide  of  chromium.  Among  Uie  dyes 
of  itnimal  origin  are— The  ancient  Tyrian  purple,  derived  from  a  mollusc,  a  native  of 
the  l^Iediterranoan,  now  not  used ;  kermes  [Cocvm  ilich) ;  cocliineal  {Coccus  cacH) ;  hw 
dyo  [Coccui  lacai),  A  much  larger  numljer  of  dyes  are  obtained  from  the  vegetable 
lungdom.  It  appears  firom  recent  researches,  tliat  a  large  number  of  the  sa-called 
vegetable  pigments  are  present  in  Uio  plants  tlicmselvcs  in  a  eolourleso  condition, 
becoming  coloured  by  the  action  of  the  atmosphere.  It  is  impossible  to  mention  any 
general  properties  of  tlie  vegetable  pigments,  because  excepting  the  fact  that  they  are  i 
all  coloured^  they  are  not  possessed  of  any  property  common  to  all.  Nearly  all  dyea  * 
fade  by  the  combined  action  of  sunlight  and  moist  air.  Cldorino  destroys  most 
colours ;  while  many  dyes  are  bleached,  not  destroyed,  by  sulphurous  acid.  Wc  owo 
to  the  researches  of  modem  chemistry  a  class  of  pigments  which  surpass  in  beauty 
almost  all  the  native  dye  •materials.  These  chemically  prepared  dyo  materials  are 
chiefly  derived  from  cosil  lar,  more  particularly  from  benzol,  toluol,  carbolic  acid» 
onthracen,  and  naphlhaliu.      The  pigments  derived  from  these  enbatances  arfti 
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eommoiily  termed  aniline  or  coal-tar  colours,  fuclisin,  magenta,  aniline  blue  and  violet, 
Manchester  yellow,  aniline  orange,  picric  acid,  aniline  brown,  coralline,  alizarine 
(artificially  prepared  from  autliracen),  magdala  red,  aniline  black,  and  aniline  green. 
Among  tlio  chemically  prepared  colouring  matters  should  be  mentioned  those 
obtained  by  the  decomposition  of  the  alkaloids  (cinchonine,  quinine,  &c.),  chinolino 
blue,  quinine  green  (thalleiochine),  and  also  murexide,  a  product  of  the  decomposi- 
tion of  uric  acid. 

Lake  PiKmenta.  The  so-called  lakcs  are  compounds  of  starch,  alumina,  oxide  of  tin,  oxide 
of  lead  with  sometimes  carbonate  of  lime,  baryta,  or  oxide  of  antimony ,  with  the  colouring 
matter  of  madder,  cochineal,  woad,  logwood,  tar-colours  (viz.  coralline,  fuchsin,  aniline 
violet) ,  but  as  yet  these  substances  are  not  prepared  in  definite  proportions.  By  paints 
we  understand  substances  wliicli  as  a  rule  are  insoluble  in  water  and  are  mixed  with 
either  weak  glue  solution,  being  then  termed  water-colours,  or  with  linseed  oil,  called 
oil-paints.  To  these  pigments  belong  white-lead,  red-lead,  ultramarine,  Berlin  blue, 
Vermillion,  chrome-yellow,  bone-black,  &c.  The  ordinary  water-colours  are  insoluble 
in  water,  being  finely  suspended  therein  by  the  aid  of  gum,  white  of  egg,  gum 
tragacaiith,  &c.  The  pastel  pigments  used  for  drawing  are  made  up  of  various 
pigments,  mixed  with  pipe-clay,  soap,  and  some  tragacanth  mucilage,  and  moulded 
into  cylindrical  sticks. 

coiouxing  Matoxiaii.  DyetfiQ  means  strictly  the  tinging  or  colouring  of  absorbent 
substances  by  impregnating  them  with  solutions  of  colouring  matters.  It  is  thus 
opposed  to  painting,  which  consists  in  laying  a  colour  upon  the  surface  to  be 
coloured.  In  the  art  of  dyeing  some  colouring  matters  are  applied  by  inmiersing 
the  tissue  to  be  coloured  in  the  decoction  or  solution  of  the  pigment.  Some  sub- 
stances are  applied  to  the  surface  of  the  woven  fabric  by  tlie  intervention  of  what 
is  technically  termed  a  mordant,  which  is  in  the  case  now  under  consideration 
only  a  mpans  of  obtaining  adhesion,  as  when,  for  instance,  ultramarine  is  fixed  by 
the  aid  of  white  of  e^g.  Sap-colours  are  substances  more  or  less  soluble  in  water, 
covering  very  slightly,  and  more  or  less  translucent,  as  sap-green,  gamboge,  carmine 
solution,  many  of  the  tar-colours,  &c. 


llie  Coal- Tar  Colours. 
co*i-trp.  This  substance  is  very  largely  obtained  as  a  by-product  of  tlie  dry  dis- 
tillation of  coal  for  the  purpose  of  gas  manufacture,  and  is  a  most  complex  mixture 
of  a  very  large  number  of  substances,  among  which  are  fluid  and  solid  hydro- 
carbons (benzol,  toluol,  cumol,  cymol,  anthracen,  naphthalin);  acids  (carbolic  or 
phenylic,  cresylic,  phlorylic,  rosolic) ;  bases  (aniline,  chinoline,  odorine,  picoline, 
toluidine,  coridine,  &c.),  and  asphalte-forming  materials.  Leaving  tlio  small  quantity 
of  basic  substances  out  of  the  question,  100  parts  of  tar  consists  of  tlie  following 
substances : — 

Benzol       1*5 


Naphtha    ... 
Naphthalin 
Anthracen ... 
Carbolic  acid 
Pitch 


35-0 

220 

i-o 

90 

3^5 


1000 
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By  fractional  distillation  of  tar  we  obtidn,  on  the  ono  liand,  liglit  oils,  from  wkicli 
benzol  and  its  homolognes  are  separated ;  on  tiio  otlior  liand,  heavy  tar  oil,  which  is 
used  for  making  carbolic  acid  ;  whilo,  lastly,  antliracen  is  separated  from  the  pitch. 

Approximativelj,  the  following  labl©  ^hows  the  quantity  of  tlie  various  materials 
obtainod  by  the  dry  distillation  of  coal : — 

icx)  kilos*  of  coal  yield  300  kilos  of  tar. 
100  Itilos.  of  tar  yield    o  75  to  1  kiln,  of  anthracen* 
3  00  kilos,  of  crude  benzol. 
I  50  kilos,  of  pm*e  benzol. 
3*00  kilos,  of  nitto-benzok 
225  kilos,  of  crude  aniline, 
3 "37  Itilos.  of  crude  aniline  red. 
112  kilos,  of  pure  fuchsin. 

For  tne  preparation  of  1  kilo,  of  pure  fuchsin  60  cwts.  of  coal  are  required. 
BnwoL  Chemically  speaking,  benzol  or  benzine  is  a  fluid  h^^drocarbon,  6fiH^, 
covered  in  1825  by  Faraday  among  the  prodncta  of  the  dry  distillation  of  oil,  in 
the  liquid  resulting  from  the  strongly  compressed  oil  gas.  In  1833  Mitscherlidi 
obtained  this  body  by  distilling  benzoate  of  lime.  Leigh,  at  ManchesteTi  1S42,  first 
discovered  benzol  in  coal-tar ;  and  to  Mansfield's  researches  is  duo  the  metliod 
of  separating  benzol  from  tar  by  a  process  available  on  the  large  scale. 

The  benzol  as  met  with  in  commerce  is  a  mixture  of  benzol  boiling  at  80*4"  with 
toluol,  CyHe.  boiling  at  loS';  xylols  CgTIio.  boiling  at  130' ;  caraol,  C9H10.  boiling  at 
151";  and  cyniol,  CjoHia^  boiling  at  175**;  benzol  and  toluol,  however*  predominate. 
Abroad  benzol  is  sold  to  the  aniline  makers  at  a  certain  specified  percentage 
of  benzoU  C^Hc;  for  instance^  benzol  at  30  to  40  per  cent  contains  by  bulk  or 
weight,  as  may  be  agreed  upon,  the  above  percentage  of  tlie  compound  CaH^*  tlie 

rest  being   60   to  70  per  cent   of 
Pm.  265.  toluol   and  xylol,  forming  a  fluid 

wliich  is  suitable  for  making  aniline 

red,  while  for  aniline  blue  or  black  a 

fluid  at  90  per  cent  benzol,  CfiH^,  is 

required.    The  boiling-point  of  tlie 

benzols  usually  employed  for  making 

the  so-called  tar-colours  varies  from 

80"  to  I20**»  wJiilc  til©  specific  gravity 

varies  from  o  85  to  0*89. 

Benzol  ia  prepared  from  light  tar 

^^^  _  oil   which   boils  below  i5o\     The 

R      ^^IB  ^P^nfS^  apparatus  invented  by  Mansfield  for 

this  purpose  is  shown  in  Fig,  265. 
A  ia  the  still  placed  on  a  fomac 
j       n;  c  ia  lilltHl  witli  cold  wutur. 

soon  as  the  oil  in  the  stiU  begins  to 
boil,  the  vapours  are  condensed  in  n  and  flow  back  into  a  ;  IhLj  continues  until 
the  water  in  c  has  been  heoted  to  a  certain  temporntiire,  when  Uie  vapciurs  are 
condensed  in  the  cooler,  d,  the  lif|uid  Coining  at  n  into  tlie  carl>oy,  s.  As  soon  as  tha 
water  in  c  begins  to  boil,  all  the  substances  contained  in  the  tar-oU  and  volatile 


^n 


^i 


-J 
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carried  off  by  means  of  u.    Bj  freezing  bcnxol  and  pressing  the  solid  snbstAnce 
obtained  it  may  be  rendered  quite  pure. 

In  tlie  year  iS6o,  Dr.  E.  Kopp^  at  Tarin,  showed  that  the  preparation  of  benzol 
might  be  advantageously  effected  by  the  use  of  an  apparatus  aimilar  in  construction 
to  that  employed  in  spirit  distilleries.  Coupler  has  constructed  an  apparatus  upon  this 
priuciple,  which  is  sho^Ti  in  Fig.  267.  a  is  the  still ;  at  n  the  crude  benzol  is 
poured  in ;  0  is  a  steam-pipe  for  heating  the  still  and  its  contents.  The  vapours 
evolved  from  tlie  boiling  liquid  are  carried  into  tlie  column  s,  which  acts  as  a  dephleg- 
mator»  by  whioh  a  first  firactiouatioii  is  eilecled.  The  volatile  vapours  which  are  not 
condensed  in  k  are  carried  to  the  apparatus  i>»  which  is  filled  with  a  solution  of 
cliloride  of  colciuuh  This  apparatus  is  kept  at  a  umform  temperature  determined  by 
the  thermometer,  t,  and  mainlainod  by  the  steam-pipe  m. 

The  steam  conveyed  by  the  heating  pipe  escapes  by  p.  When  it  is  desired  to  pre- 
pare pure  benzol  tlie  chloride  of  calcium  solution  is  heated  to  80'.  The  vapours  which 
are  conveyed  to  o  are  a  mixture  of  benzol,  toluol,  Ac,  As  the  temperature  of  the 
receiver  o  does  not  exceed  80°,  the  vapours  of  toluol  and  other  homologous 
compounds,  as  xylol,  are  condensed ;  wliile  the  vapours  still  uncondensed  are  carried 
to  the  receivers  h,  i,  and  k,  losing  or  depositing  there  the  last  traces  of  the  less 
volatile  liydrocarbons,  becoming  finally  condensed  in  u  surrounded  with  cold  water, 
and  tricliliiijj  down  into  the  c-arboy^  m.  The  fluid  condensed  in  o,  h,  i»  and  k,  flows 
back  into  the  column  n.  As  the  receiver  o  contains  the  heaviest  oils  these  ur© 
carried,  for  the  purpose  of  dcphlegmation,  to  tlie  lower  portion  of  the  column,  wbil«? 
the  products  condensed  in  k  are  conveyed  by  pipes  into  the  upper  portion  of 
the  column.  When  it  is  desired  to  prepare  toluol  instead  of  benzol  the  chloride  of 
calcium  apparatus  is  heated  to  loS"  to  109". 

H,  Caro,  A.  and  K,  Clemni,  and  F.  Eiigelhorn  have  suggested,  instead  of  making 
benzol  from  cool-tar,  it  shoulfi  be  extracted  from  coal-gas  by  causing  this  to  be  passed 
slowly  Uirough  tar-oils  which  have  a  higher  boiling-point  than  benzol,  toluol.  &c.,  and  to 
extract  by  distillation  tlie  benzol,  Ac,  from  tliese  heavy  oils  after  they  have  becomi) 
saturated.  The  hea^y  oils  can  serve  the  same  purpose  again,  while  as  regards  the 
depreciation  of  the  illammating  power  ot  the  gas  caused  by  the  withdrawal  d  th* 
hydrocarbons,  benzol,  &<-v,  present  in  the  gas  as  vapours,  the  authors  suggest  the 
saturation  of  the  gas  with  petroleum  oil  (benzoline).  This  mode  of  making  benzol  i 
TiOt  yet  practised  on  the  large  scajo. 
TiltathUaiot       The  benzol  is  converted  into  niti'o-benzol  by  tlie  aid  of  nitric  acid ;  thi 

commercial  article    is    a  mixture  of  nitro-benzo),  Cg  |  xt A       nitro-toluol,  Cy  1 5/^ 
and   nitro-xylol,  Csjj^^q'      E.  Mit^cherlich  discovered  nitro-benzol  in  1S54,  ftnd_ 

C.  Collus  first  prepared  this  substnnce  on  the  large  scale  at  Paris  under  the  name  ( 
Esscuef  de  Mirhiiiu\  The  apparatus  employed  formerly  for  tlie  maldng  of  this  prepa 
tion  was  contrived  b^^  Miuistjeld,  and  consists  of  a  convoluted  gloss  tube,  whio 
towards  its  top  or  upper  end  is  bifurcated  so  as  to  form  two  sepurato  tubes  fitted 
with  funnels.  Into  one  of  tliese  a  continuous  stream  of  benzol,  and  into  tlio  otl»cr 
strong  nitrlcj  acid,  is  caused  to  flow;  and  wliile  these  liquids  are  carried  downwards 
by  gravitation  tlirough  the  windings  of  the  tube  the  comhimition  takes  place,  an4 
the  warm  liquid  is  so  far  cooled  that  it  can  be  collected  at  the  lower  end  of  the  tube. 
The  crude  nitro-benzol  thus  obtained  is  rendered  pure  by  firi^t  washing  it  with  water 
and  next  witli  a  dilute  solution  of  carbonate  of  soda. 
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Para-nitro-benzoic  acid,  a  substance  isometric  wdtli  nitro -benzoic  acid,  is  found  in 
the  washings  of  the  nitro-benzol. 

It  is  preferable,  however,  to  prepare  nitro-benzol  from  a  mixture  of  2  parts  of 
nitric  acid  at  40°  Beaumd  (sp.  gr.  1*384)  and  i  part  of  concentrated  sulphuric  acid, 
the  operation  being  carried  on  in  closed  vessels  very  similar  to  those  in  use  for 
making  aniline.  The  upper  part  of  the  apparatus  is  fitted  with  a  tube  for  conveying 
the  nitrous  acid  fumes  to  a  chimney,  while  an  S-shaped  tube  connects  tlie  apparatus 
with  the  tank  containing  the  acid  mixture.  The  quantity  of  benzol  intended  to  be 
nitrated  is  introduced  into  the  apparatus  at  one  time ;  the  mixed  acids  are  gradually 
poured  into  the  benzol,  and  the  reaction  aided  by  a  stirring  apparatus.  Any  benzol 
volatilised  by  the  heat  generated  by  tlie  reaction  is  condensed  by  an  apparatus  fitted 
to  the  reaction  vessel  and  is  thus  saved.  The  end  of  the  reaction  is  indicated  by 
the  liquid  becoming  colourless  and  being  separated  into  two  distinct  strata  by  the 
addition  of  water.  The  acid  is  first  diluted  to  50°  B.  (sp.  gr.  i'532)  and  the  fluids 
are  separated  by  decantation.  The  nitro-benzol  is  purified  by  washing  with  water, 
the  dilute  acid  mixture  being  used  either  in  the  making  of  sulphuric  acid  or  in 
other  chemical  processes,  such  as  the  pi^oparation  of  superphosphates.  On  E.  Eopp's 
suggestion  nitro-benzol  is  now  made  by  the  aid  of  a  mixture  of  nitrate  of  soda  and 
sulphuric  acid.    100  kilos,  of  benzol  yield  135  to  140  of  nitro-benzol. 

We  distinguish  three  different  kinds  of  nitro-benzol,  viz. : — i.  Light  nitro-benzol, 
boiling  between  205**  and  210°.  This  is  used  in  perfumery  and  soap-making  in  very 
large  quantities  under  the  name  of  artificial  oil  of  bitter  almonds,  or  Essence  de 
Mirhane,  sp.  gr.  =  izo  (=  24°  B.)  2.  Heavy  nitro-benzol,  boiling  between  210°  and 
220°,  possessing  a  peculiar  fatty  smell.  It  is  not  used  in  perfumery,  but  cliiefly  for 
the  preparation  of  aniline  red;  sp.  gr.  =  I'lg  (=  28**  B.)  3.  Very  heavy  nitro- 
benzol,  boiling  between  222**  and  235°,  sp.gr.  =  1167  (=  58°  B.)  Of  disagi-eeable 
odour,  this  kind  is  chiefly  used  for  the  preparation  of  aniline  intended  for  making 
aniline  blue. 

Aniline.  The  crude  aniline  used  for  the  preparation  of  the  so-called  tar  or 
aniline  colours  is  essentially  a  mixture  of  aniline,  C6H7N,  toluidine,  C7HgN,  and  the 
pseudo-toluidine  discovered  by  Rosenstiehl,  a  body  isomeric  with  toluidine.  This 
kind  of  aniline  is  known  in  the  trade  as  aniline  oil.  Pure  aniline  and  pure  toluidine 
only  yield  pigments  under  special  conditions.  Aniline  was  discovered  at  Dahme,  in 
Saxony,  by  Dr.  Unverdorben,  in  1826,  among  the  products  of  tlio  dry  distillation  of 
indigo,  and  in  1833  Bunge,  at  Oranienburg,  near  Berlin,  discovered  its  presence  in 
coal-tar.  Runge  also  discovered  that  aniline  yielded,  when  brought  into  contact 
with  a  solution  of  hypochlorite  of  lime  (bleaching-powder),  a  beautiful  violet  colour ; 
hence  the  name  kyanol  {Jblue  colouring  oil).  Dr.  von  Fritzsche,  St.  Petersburg,  1841, 
thoroughly  investigated  the  substance  obtained  by  Dr.  Unverdorben  from  indigo, 
ascertained  its  composition,  and  called  it  aniline,  from  anil,  the  Portuguese  tenn  for 
indigo.  In  the  year  1842  Zinin  found  that  when  nitro-benzol  was  treated  witli 
sulphuretted  hydrogen,  tliere  was  formed  a  base  which  he  termed  benzidam.  The 
further  researches  of  O.  L.  Erdmann  and  Dr.  A.  W.  Hofmann,  brouglit  tlie  fact  to  light 
that  Dr.  Unverdorben's  crystalline,  kyanol,  benzidam,  and  aniline  were  the  same 
substance,  to  which  the  name  aniline  was  then  finally  given.  Wo  owe  to  the  exten« 
^ve  researches  of  Dr.  A.  W.  Hofinann  our  present  knowledge  of  aniline  and  its 
compounds. 

Coal-tar  contains  0*3  to  0*5  per  cent  of  aniline,  but  its  extraction  from  tar  is 
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ftttended  with  so  muny  difficulties  that  it  is  preferred  to  prepare  aniline  from  nitro* 
bi:n2ol  by  a  reaction  discovered  by  Zmm  ;  tliat  is  to  say,  to  bring  nitro-benzol  into 
contact  witli  reducing  agents,  i  molecule  of  nitro-benzol,  CoH^NaO  =  125,  yields 
£  molecule  of  aniline.  CgH^N  =  93*  In  practice  it  is  assumed  that  100  parts  of  nitro- 
bonzol  yield  100  parts  of  aniline. 

Although  sulpliuretted  hydrogen  completely  reduces  nitro-benzol  to  iiniline, 
trade  working  on  tlie  large  scale  prefers  to  follow  B^champ's  method,  the  treatment  of 
nitro-benzol  with  iron-filings  and  aceUo  acid.  The  apparatus  in  use  for  carryiiig 
out  Una  operation  was  devised  by  Nicholson,  and  is  exhibited  in  Fi^.  268.  It 
consists  essentially  of  a  cast-iron  cylinder*  a,  of  10  hectolitres  (320  gallons)  cnhic 
capacity*  A  stout  iron  tube  is  Jilted  to  this  vessel  reaching  nearly  to  the  bottom  of 
Uie  cylinder.     The  upper  part  of  tliis  tube  is  connected  with  the  machinery  o,  wliile 

Fio.  268. 
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the  surface  of  the  tube  is  fitted  with  steel  projeciicns.  The  tube  serves  to 
steam  as  well  as  acting  as  a  stirring  apparatus.  Sometimes,  instead  of  this  tube»| 
solid  iron  axle  is  employed,  and  in  tliis  case  there  is  a  separate  steam-pipe,  dT 
Through  the  opening  at  k  the  materials  for  making  aniline  are  put  into  the 
apparatus,  whik*  the  volatile  products  are  carried  ofT  Oirough  E,  h  serves  for 
emptying  and  cleaning  the  apparatus.  The  S-sliaped  tube  connected  with  the 
Y6tsel  B  acta  as  a  safety-valve.  When  it  is  intended  to  work  witlx  this  apparatus, 
there  is  first  poured  into  it  through  k  10  kilos,  of  aceUc  aciil  at  8"  B.  (=8p,gr.  i  060), 
pre\iously  diluted  with  six  times  the  weight  of  water ;  next  there  ore  added  3a  ki]op. 
of  iron -filings  or  cast-iron  borings,  and  125  kilos,  of  uitro-bcnzol,  and  immediately 
after  the  stirring?  apparatus  is  set  in  motion.  The  reaction  ensues  directly,  and  ia 
attended  by  a  considerable  evolution  of  heat  and  of  vapours.    Gradually  mere  iron 
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IS  added  until  the  quantity  amounts  to  i8o  kilos.  The  escaping  vapours  are 
condensed  in  f,  and  the  liquid  collected  in  r  is  from  time  to  time  poured  back  into 
the  cylinder,  a.  The  reduction  is  finished  after  a  few  hours.  The  resulting  thick 
magma  exhibits  a  reddish-brown  colour,  and  consists  essentially  of  hydrated  oxide  of 
iron,  aniline,  acetate  of  aniline,  acetate  of  iron,  and  excess  of  iron.  Leaving  the 
acetic  acid  out  of  the  question,  the  process  may  be  elucidated  by  the  following 
formula : — 

C6H5NOa+HaO+Fea=C6]57N+Fea03. 

Nitro-benzol.  Aniline.  Peroxide 

of  iron. 

This  magma  is  either  first  mixed  with  Ume  or  is  put  into  cast-iron  cylinders  shaped 
like  gas-retorts,  and  submitted  to  distillation,,  the  source  of  heat  being  either  an  open 
fire  or  steam.  The  product  of  this  operation,  consisting  of  aceton,  acetaniline, 
aniline,  nitro-benzol,  &c.,  is  rectified  by  a  second  distillation,  care  being  taken  to 
collect  only  the  product  which  comes  over  between  115''  and  190°:  but  a 
product  which  comes  over  at  between  210°  and  220"*  is  very  suitable  for 
the  preparation  of  aniline  blue.  The  aniline  oil  thus  obtained  is  a  somewhat 
brown-coloured  liquid,  heavier  tlian  water,  and  pure  enough  for  the  preparation  of 
the  aniline  colours.  According  to  Brimmeyer,  acetic  acid  is  not  necessary,  and  a 
very  good  result  may  be  obtained  by  mixing  nitro-benzol  with  60  parts  of  pulverised 
iron  with  acidified  water  (2  to  2*5  per  cent  of  hydrochloric  acid  upon  the  weight  of 
nitro-benzol),  and  leaving  this  mixture  to  stand  in  a  retort  for  some  three  days 
before  distilling  off  the  aniHne  oil.  In  tlie  aniline-oil  works  of  Coblentz  Frires,  at 
Paris,  nitro-benzol  is  reduced  by  the  aid  of  iron-filings,  a  portion  of  which  have  been 
coated  with  copper  by  being  immersed  in  a  solution  of  the  sulphate. 

The  composition  of  the  aniline  oil — essentially  a  mixture  of  aniline,  toluidine,  and 
pseudo-toluidine — depends  upon  the  nature  of  die  benzol  and  nitro-benzol  used  for 
its  preparation.  The  aniline  oil  boiling  between  180"  and  195"  (sp.  gr.  =  1014  to 
I '02 1  =  2**  to  3**B.)  is  prepared  from  nitro-benzols  which  boil  between  210**  and  220°, 
and  the  aniline  it  3rields  is  chiefly  used  for  aniline  red ;  while  for  aniline  blue  a  very 
heavy  nitro-benzol  is  employed,  and  for  aniline  violet  a  nitro-benzol  which  boils  at 
2IO*  to  225**.  The  following  table  exhibits  the  boiling-points  of  the  substances  which 
have  been  mentioned: — 

Benzol     So**  Nitro-toluol    225^ 

Toluol      108'  Aniline    182^ 

Nitro-benzol   213*  Toluidine        198° 

As  regards  the  annual  production  of  aniline  oil  it  is  now  (1871)  3,500,000  lbs.,  of 
which  2,000,000  lbs.  are  consumed  in  Germany,  and  die  remainder  in  Switzerland, 
England,  and  France 

I.  Aniline  Colours. 

AnUiMOoioiin.  The  aniline  oil  serves  for  the  industrial  production  of  the  so-calle(i 
aniline  or  toluidine  colours: — i.  Aniline  red.  2.  Aniline  violet.  3.  Aniline  blue 
4.  Aniline  green.  5.  Aniline  yellow  and  aniline  orange.  6.  Aniline  brown.  7.  Ani 
line  black. 

AniiixMiM.  I.  This  pigment  or  dye,  also  known  as  fuchsin,  azaleine,  mauve, 
Bolferino,  magenta,  roseine,  tyraline,  &c.,  is  the  combination  of  a  base,  which 
Dr.  A.  W.  Hofmann  has  named  rosaniline,  with  an  acid,  usually  acetic  or  hydro- 
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diloric.    In  Gormany  and  Switzerland  fuchsm  is  llie  hydroclilorate  of  fdBanilioi^ 
CjoHiqNj,C1H  :  whii«  ia  Eugbind  fJie  acetatais  used,  tlie  formula  being 

C,oH,,N3,C,H403, 
The  Imse  rosanilino  is  a  colourless  substance,  but  its  readily  ciystalUaing  salts  otb 
coloured.     Tlie  composition  of  this  baae  is  expressed  bj  the  formula,  CaoHjgNj^HaO : 
and  it  is  formed  by  tbe  combination  of  2  atoms  of  toluidine  with  i  atom  of  anilino 
and  tbe  elimination  of  4  atom^  of  H,  ^\  liicli  become  oxidised^ 

2C;n5N+Cai7N+3O=2H.O-fC,aH,5N3,H20 
Accordingly  tlie  constitutional  formula  of  rosaniline  i^: — 

Con,) 

According  to  Bosenstiehl's  researches  US69)  all  the  ditTerent  kinds  of  fuchsin 
commerce  contain  pseudo-rosanlUne^  a  base  isomeric  with  rosauiline. 

Aniline  red  can  be  obtained  from  aniline  oil  by  tlie  appHcationof  various  reagents^ 
as«  for  instance : — Chloride  of  tin,  Vorguin*s  method ;  perehloride  of  carbon,  Hof- 
mann  and  Natanson 'a  methods  ;  pernitrate  of  mercury,  Gerber-Kellor;*  perdiloride 
of  mercury,  Schnitzer ;  nitric  acirl,  Lauth  and  Dcpouilly;  antimonic  acitl»  Smith; 
arsenic  acid»  Medlock,  Girard  and  do  Laire ;  aniline  oil,  nitro4oluol»  liydroclUoric 
acid  and  metallic  iron,  Coupler,  too  parts  of  aniline  oil  yield  25  to  53  ports  of 
ciystftUine  fuehsin. 

Not \vithst4in ding  tlic  great  danger  arising  from  the  use  of  arsenic  acid,  and  the 
difficulty  of  disposing  of  the  very  poisonous  rt?sidues  of  this  mode  of  preparing  fuch- 
sin,  the  majority  of  the  manufacturers  of  tliis  dyo  prefer  lo  use  the  arsenic  acid 
method.  According  to  Girard  and  de  Laire*s  method  i  c^-t,  of  aniline  oil  and  2  cwts, 
of  hydrate  of  arsenic  acid  at  60°  B.  (=171  sp,  gr.)  are  heated  together  for  4  to  5 
hours  at  a  temperature  which  should  not  exceed  190*  to  200"*.  The  red  fused  mass 
ifuchsin  mixture  or  sraeltmg)  formed  by  this  operation  is  brolcen  into  small  lujiip& 
and  the  n  boiled  with  wiiter^  and  as  soon  as  tho  mass  is  dissolved  it  is  fUfered  tJirough 
felt  or  linen  bags,  and  the  filtrate  poured  into  tanks  for  the  purpose  of  obtaining 
crystals.  After  the  lapse  of  2  to  3  days  the  mother-liquor,  a  very  poisonous  liquid, 
which  covers  the  crystals,  is  run  off  into  perfectly  water- light  tanks  made  of  stone  1 
coated  witli  asphalte,  and  iu  order  to  precipitate  the  arsenic  and  arsenious  acid 
there  is  added  a  mixture  of  washed  chalk  and  lime,  the  ensuing  precipitate  being 
employed  for  making  arsenical  preparations,!  The  cryatalUne  mass  is  puj-i£ed  by 
re-crystallisation.  In  tlie  French  fuchsiii  works  the  fused  muss  is  disst^lved  in 
water  and  hydrochloric  acid,  and  next  neutriilised  with  soda.  The  fuchsitin  is  thus 
obtained  as  a  crvsialEno  c«ko,  which  is  dissolved  by  being  boiled  witli  watcx,  and  this 
solution  allowed  to  crystallise.  The  fuchsia  thus  obtained  always  contains  ftreeo 
and  when  it  is  desired  to  use  a  salt  of  rosaniline  for  colouring  liqueurs  and  sfi 
ments  it  is  necessar}*  to  use  a  preparation  made  with  cither  cliloride  of  airbon  * 
bichloride  of  mercury.  The  salts  of  rosauiline  exhibit  by  rellected  light  a 
golden  huo ;  by  transmitted' light  the  colour  is  red.  The  hydrochlorato  of  roBanilia^ 
is  usually  called  ftichsin,  tbe  acetate,  roseine,  and  the  nitrate,  azaleine.  The  solatioaa 

•  Tho  fuchsin  prepared  by  the  aid  of  thia  reagent  ia  known  as  rubia,  and  is  employed 
for  dyein(?  silk  and  for  colouring  hqueurs  and  aweetmeats. 

t  According  to  r>r.  Bolley,  the  arsetiic&l  fluids  obtained  can  be  nmdertd  tgaio  fit  for  iiM>_ 
by  distillutiou  with  hydrochloric  acid.     On  being  diluted  ^ith  water  the 
eontiiined  in  the  distillate  is  thrown  down. 
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of  these  salts  in  water  or  in  alcohol  exhihit  a  well-known  and  very  magnificent 
carmine  red.  The  tinctorial  power  is  exceedingly  high,  since  i  kilo,  of  fachsin 
is  sufficient  to  dye  200  kilos,  of  wool.  The  tannate  of  rosaniline  is  very  difficultly 
soluble  in  water.  Fuchsin  is  the  basis  of  nearly  all  other  aniline  colours ;  for 
instance,  fuchsin  yields  violet  or  blue  with  aniline  oil ;  fuchsin  and  iodide  of  ethyl, 
blue  or  violet.  The  action  of  the  arsenic  acid  in  the  formation  of  rosaniline  may  be 
represented  as  follows : — 

2C6§n1  =  CaoH.5N3+3Asa05  =  CaoHxgNa+aASaOs+jHaO. 

Aniline        Arsenic       Kosaniline.  Arsenious  Water 
oil.  acid.  acid. 

AnUine  Violet.  2.  This  pigment,  also  known  as  aniline  purple,  anileine,  indisine,  phena- 
nicine,  harmaline,  violine,  rosolan,  mauveine,  was  discovered  in  1856  by  Dr.  W.  H. 
Perkin,  and  is  prepared  by  the  action  of  bichromate  of  potash  and  sulphuric  acid. 
This  substance  has  also  been  prepared  by  other  reactions,  for  instance,  by  the  treat- 
ment of  a  salt  of  aniline  with  a  solution  of  bleaching-powder  (Bolley,  Beale,  Kirk- 
ham)  ;  with  peroxide  of  manganese  (Kay),  and  peroxide  of  lead  (Price),  both  in  the 
presence  of  sulphuric  acid ;  by  tlie  action  of  peimanganate  of  potash  upon  a  salt  of* 
aniline  oil  (Williams) ;  by  treating  aniline  oil  with  chlorine  (Smith) ;  with  ferri- 
cyanide  of  potassium  (Smitli) ;  with  chloride  of  copper  (Caro  and  Dale).  Indus- 
trially, only  Dr.  Perkin's  method  with  the  biclu-omate  and  sulphuric  acid  is  used. 
The  base  of  the  violet  thus  obtained  is  mauveine,  C27H24N. 

The  so-called  Violet  Imperial  obtained  by  Girard  and  de  Laire  by  the  action 
of  chromate  of  potash  upon  a  mixture  of  aniline  oil  and  hydroclilorate  of  rosaniline 
at  180°,  differs  from  the  preceding  product,  while  another  violet  is  obtained  according 
to  Nicholson  by  heating  fuchsin  to  200"*  to  215^  When  a  salt  of  rosaniline  is  heated 
with  excess  of  aniline  there  are  formed,  before  blue  colours  ensue,  violet  pigments,  of 
which,  according  to  Hofmann — 

The  red-violet  is  monophenyl-rosaniline. 
The  blue-violet  is  diphenyl-rosaniline. 
This  latter  yields  on  being  further  heated  triphenyl-rosanihne  or  aniline  blue. 
Accordingly, — 

Rosaniline  red  is    CaoHajNgO. 

Monophenyl-rosaniline  (red-violet)  is        ...     .-.      CaoH2o(C6H5)N30. 

Diphenyl-rosaniline  (blue-violet)  is    02oHi9(C6H5)aN30. 

Triphenyl-rosaniline  (blue) C2oHi8(C6H5)3N30. 

The  violet  is  now  named  the  old  or  Nonpareil  violet;  and  we  have  the  new 
or  iodine  violet,  Hofmann's  violet  or  dahlia  colour,  distinguished  by  the  presence  of 
the  alcohol  radicals,  ethyl,  methyl,  and  amyl,  instead  of  phenyl.  These  new  violets 
are  obtained  by  heating  to  100**  or  no*  fuchsin  with  alcohol  as  a  solvent,  and 
the  iodides,  or  more  recently,  the  bromides,  of  the  alcohol  radicals,  the  mixture 
being  kept  in  closed  cylindrical  vessels.  According  to  the  length  of  time  this 
reaction  is  allowed  to  take  place  there  are  formed : — 

Monethyl-rosaniline, 

Diethyl-rosaniline,  or 

Triethyl-rosanilino. 

The  most  ethylised  base  exhibits  a  blue-violet  colour,  while  the  less  eihyliBed 
88 
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exhibits  a  red  hue.  The  methylated  and  ethylated  Tioleta  are  ftir  more  brilLaut  than 
the  jihenylated,  Tlio  ^^wlet  de  ParU,  introduced  by  Poirrier  and  Chappat,  is  thia 
product  of  the  action  of  diloride  of  tin  and  similar  compounds  upon  Hie  methyl  or 
ethyl  aniline. 
AsOUMina*.  3,  Tills  colour,  also  known  as  azulinc  and  azorine,  was  first  obtained 
1861  by  de  Laire  and  Girard  by  heating  together  for  some  hours  a  mixture  of  fi 
Bin  and  aniline  oil,  and  treating  the  product  of  this  reaction  with  hydrochloric  aci 
The  blue  pigment  produced  ia  known  in  commerce  as  bku  de  Pa/v>  or  bUu  dd  Lifotu 
in  dry  state  it  is  a  cop  per- coloured  shining  material,  not  exliibiting  green  or  yeU< 
by  reflection,  the  characteristic  of  fuchsin  and  anOino  violet.  In  order  to  purify  the 
aniline  blue  it  is  dissolved  in  strong  gulphuric  acid,  and  thia  mixture  heated  to  150" 
for  1  i  hours.  By  the  addition  of  water  to  this  solution  the  blue  is  precipitated  in  m 
modified  aud  soluble  form  and  is  tlien  called  hh'u  soluble.  We  quote  here  the 
fijHowing  methods  for  preparing  this  blue: — Rosaniline  and  aldehyde  (Ltanthl  ; 
rosaniline  and  crude  wood -spirit  (E.  Kopp)  ;  rosanihne  and  alkaline  solution  of 
shellae  (Gros-Renaud  and  Sclmlicr),  this  is  termed  bleu  de  Mtdhouse ;  also  by  oxida- 
tion of  methylanilino  (J.  Wolfl') ;  rosaniline  and  bromated  oil  of  turpentine  (Perkin) ; 
•rosaniline  and  isopropyl  iodide  ('Wanklyn);  rosaniline  and  ethylen  iodide  and 
bromide  tM.  Vogel) ;  rosaniline  and  iodide  and  bromide  of  a^eton  <Smith  and  Sie- 
berg).  The  conversion  of  hydrochlorate  of  rosaniline  (fuchsin)  by  heating  with 
aniline  oil  into  aniline  blue  is  elucidated  by  the  foO owing  formula : — 

C«n,9N3.ClH+3C6H7N  =  CaoHietCeHilaNa.HCl+iNHj. 

Ammonia. 


llosanilme  salt.     Aniline.  Aniline  blue. 

Ceil, 
Hie  aniline  blue  thue  prepared  is  rosaniline,  aC^Hel^Nj,  in  which  3  atoms  of 


hydrogen  have  been  substituted  hy  3  atoms  of  phenyl,  CeH^ ;  or,  in  other  words, 
tills  aniline  blue  is  triphenyl-rosaniline,  the  hydrochlorate  of  which  is — C^gHjaN^Cl. 
Wlien  a  salt  of  rosaninno  is  heated  with  toluidine,  tlie  toluidine  blue  (tritolyl- 
rosaniline),  C41H37N3  =  CaoHifiCC^H^j^N^.  When  aniline  blue  is  heated,  Uie  products 
of  the  dry  distillation  contain  diphenylamine,  CiaHuN,  a  white  crj^staUine  compound, 
which  when  moisteucd  with  nitric  acid  yields  a  magnificent  blue  colour.  Diphenyl- 
amino  and  its  homologuo  phenyl-tolylamin,  CijHijN,  which  yields  by  dry  distilla- 
tion bleuine,  €3^1133X3.  are  employed  for  the  preparation  of  blue  pigments.  Dr.  A. 
W.  Hofmann  found  that  when  rosaniline  is  heated  for  a  considerable  length  of  time 
wiUi  iodide  of  ethyl  or  iodide  of  amyl,  the  result  is  tliat  tlie  most  ethylated  or 
amylated  product  (trieUiyl  rosaniline,  or  triamyl-rosaniline).  yields  aniline  blue 
(iodine  blue)*  Naphtbyl  also  mny  be  introduced  into  fuchsin  to  form,  according  to 
WobflT,  a  brilliant  blue  colour  termed  naphtbyl  blue.  Under  Iho  mimes  of  Bleu  dSi. 
lumUre  or  Bleu  de  nuit,  is  knoAvn  a  blue  dye  whicli  appears  blue  in  daylight  as  well* 
08  in  aitifioial  hght.    A  blue  wilh  a  violet  bue  is  kno\\ni  as  Bleu  ds  Parme, 

AalUMOvtu.  4.  We  are  acquainted  with  two  varieties  of  tliis  colour,  viz.  aldehyde 
green  and  iodine  green.  The  former,  also  called  emeraldine^  wa^  disco Yered  in  i86j 
by  Cherpin,  chemist  in  M.  Usfebe^s  Works  at  Saint  Ouen,  and  is  obtained  liy 
treating  a  sulphuric  acid  solution  of  sulpliato  of  rosaniline  with  aldehyde.  By 
cautiously  heating  this  mixture,  a  deep  green  pigment  is  obtained  which  containa 
sulphur;  the  formula  of  this  compound  is,  according  to  Dr,  A.  W.  Hofmann, 
CaaHi7N3SaO.     When  required  for  use  hyposulphite  of  soda  is  added  and  the 
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compound  boiled  therewith  in  water ;  this  solution  is  used  for  dyeing  silk,  and  instead 
of  the  soda-salt  sulphuret  of  ammonium  or  sulphuretted  hydrogen  may  be  used. 
The  green-coloured  material  can  be  precipitated  by  a  mixture  of  common  salt  and 
sodic  carbonate,  while  a  mixture  of  2  parts  of  sulphuric  acid  and  50  to  70  parts  of 
alcohol  is  a  solvent  for  this  substance.  This  aniline  green  is  especially  beautiful 
when  seen  by  candle-light.  The  other  kind  of  aniline  green  is  the  so-called  iodine 
green,  discovered  (1863)  by  Dr.  A.  W.  Hofmann,  as  a  by-product  of  the  manufacture 
of  the  methylated  and  ethylated  rosaniline  violets. 

Iodine  green  is  obtained  by  the  following  process : — i  part  of  acetate  of  rosaniline, 
2  of  iodide  of  methyl,  and  2  of  methylic  alcohol,  are  heated  together  for  several 
hours  under  a  high  pressure,  or  on  the  small  scale  in  a  sealed  tube.  When  the 
operation  is  finished  the  result  is  a  mixture  of  violet  and  green  pigments  dissolved  in 
methylic  alcohol.  The  volatile  substances  having  been  driven  oflf  by  distillation  the 
mixture  of  pigments  is  put  into  boiling  water,  wherein  the  green  is  completely 
dissolved,  while  the  violet  remains  insoluble ;  the  former  is  precipitated  by  a  cold 
saturated  solution  of  picric  acid  in  water,  the  ensuing  precipitate— picrate  of  iodine 
green — is  collected  on  a  filter,  rapidly  washed  with  the  smallest  possible  quantity  of 
water,  and  after  having  been  partly  dried,  brought  into  commerce  as  a  paste 
{en  pdte).  The  crystalline  iodine  green,  free  from  picric  acid,  has  the  formula 
CasHggNaOIa. 

ASmSeoSJJi.  5'  ^y  ^®  preparation  of  the  red-coloured  pigments  from  aniline  oil, 
there  is  formed,  as  well  as  fuchsin,  a  resinous  substance,  from  which  Nicholson 
obtained  U  brilliant  yellow-coloured  pigment,  the  aniline  yellow,  aniline  orange, 
aurin,  or  hydrochlorate  of  chrysaniline,  which  dyes  wool  and  silk  brilliantly  yellow. 
Chrysaniline  is  a  base  of  the  formula  C20HX7N3.  The  most  interesting  salt  of  this 
base  is  the  nitrate,  which  is  insoluble  in  water.  The  residue  of  the  preparation 
of  fuchsin  is  treated  with  steam,  and  as  soon  as  a  portion  of  the  base  has  been  dis- 
solved, it  is  precipitated  by  the  aid  of  nitric  acid.  Schiff  obtained  aniline  yellow  by 
the  action  of  antimonic  acid  or  hydratcd  oxide  of  tin  upon  aniline;  M.  Vogel 
obtained  a  yellow  pigment  by  the  action  of  nitrous  acid  upon  an  alcoholic  solution  of 
rosaniline.  This  aniline  yellow  has  the  formula,  CjoHxgNaOe;  it  is  soluble  in 
alcohol,  not  so  in  water. 

mndASuJ^BroSrn.  ^-  Aniline  black,  C6H7NO6,  a  deep  aniline  green  formed  by  the 
action  of  oxidising  agents  upon  aniline  oil,  was  observed  as  early  as  1843  by  Dr.  J. 
von  Fritzsche,  and  was  formerly  prepared  fiom  the  residues  of  the  prepara- 
tion of  aniline  violet  with  bichromate  of  potash ;  but  now  we  obtain  aniline  black  by 
the  action  of  chlorate  of  potash  and  chloride  of  copper  upon  hydrochlorate  of 
aniline,  as  recommended  by  Lightfoot.  As  has  been  proved  by  Cordillot,  these  two 
chemical  reagents  may  be  replaced  by  ferricyanide  of  ammonium  ;  or,  according  to 
Lauth,  by  freshly  precipitated  sulphuret  of  copper.  According  to  BoUey,  the  last 
substyice  acts  by  becoming  oxidised  to  sulphate  of  copper,  and  simultaneously 
carrying  oxygen  on  to  aniline.  The  black  made  according  to  this  metliodl  being 
insoluble  has  to  be  formed  on  the  woven  textile  fabrics  themselves,  and  is  hence  also 
called  black  indigo  or  indigo  black.  More  recently,  again,  the  so-called  Lucas  black 
(Peterson's  black)  has  been  obtained,  its  most  valuable  property  being  that  it  is 
a  ready  made  black,  which  for  its  full  development  only  requires  a  weak  oxidation. 
It  is  a  black  fluid  mass  consisting  of  hydrochlorate  of  aniline  and  acetate  of  copper, 
which  mixed  with  some  starch  paste  is  printed  on  the  fabrics.    The  black  becomes 
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Dxidised  by  exposure  to  air;  Uie  oxidation  is  rendered  more  rapid  hy  ageing 
the  fabrics  in  a  room  heated  to  40^  Aniline  black  is  used  both  m  dyeing  and 
printing  textile  fabrics. 

7,  Aniline  brown  iHabana  brown)  is  prepared  according  to  de  Laire  by  heating  i 
mixtnre  of  aniline  violet  or  aniline  blue  with  hydrochlorate  of  aniline  to  240%  unti 
the  mixture  becomes  broxsTi-colourcd  Tlie  brown  thus  obtained  is  soluble  in  watef 
alcohol,  and  acids,  and  can  be  at  once  employed  in  dyemg,  Anotlier  kind  of  anilin 
brown  (Bismark  brown)  is  obtained  by  fusing  fuchsin  with  hydrochlorate  of  aniline. 


IL  Carholk  Acid  Colours. 
outoue  Acid  Dj^  The  portion  of  heavy  coal-tar  oil  which  distils  over  at  150*  to  200"^ 
consists  chiefly  of  carbolic  acid  (phylic  acid  phenol).  As  brought  into  commerce 
C.  Calvert  and  Co.,  C.  Lowe  and  Co.,  and  a  great  many  other  eminent  firms  both  ill 
this  country  and  abroad,  carbohc  acid  is  a  crystalline  mass  which  becomes  slightlj 
reddened  by  exposure  to  air,  fuses  at  34',  and  boils  at  1S6'.  It  is  prepared  according 
to  Laurent's  metliod  by  treating  the  heavy  oils  of  tar  wi\h  olkaHcs,  There  are  three 
homologous  phenols  in  Oiis  preparation : — 

Carbolic  acid,  CellgO, 

Cresylic  acid,  CyHsO* 

Phloryhc  acid,  CgHioO. 

Carbolic  acid  is  soluble  in  n  parts  of  water.  Calvert's  carbolic  acid,  as  used  in  the 
colour-works,  is  prepared  by  cooliug  a  mixture  of  the  Laurent  acid  in  water.  Al  -j-  4*^ 
a  hydrate  of  carbolic  acid,  CgHgO+H^O,  is  separated,  and  by  eliminalion  of  water  it 
becomes  ^jwr^  carbolic  acid,  wliich  fuses  at  41"*.  While  carboUc  acid  is  very  largely 
used  in  several  degrees  of  purity  for  a  Yoriety  of  purposes  as  an  antiseptic,  disin- 
fectant, &L\,  more  than  50  per  cent  of  all  the  earboHo  acid  manufactured  is  nsed  for 
tlie  purpose  of  preparing  the  following  pigments  and  dye  materials  '. — 

1,  Picric  acid.  4.  Coralline, 

2,  Phenyl  brown.  5.  Azuline. 

3,  Or^nat  soluble. 

i>i«iU3A«id.  Piorio  acid,  irinitro-phenylio  acid,  C6H5(N04)30,  obtained  by  the  action 
of  nitric  acid  upon  carbohc  acid,  or  better,  by  treating  cryataUised  phenyl  sulphate 
of  sodium  with  nitric  acid,  is  a  yellow  substance  crystallising  in  foliated  structure^ 
difficultly  soluble  in  cold,  readily  iu  hot  water,  and  also  soluble  in  alcohol.  It  m 
used  for  dyeing  wool  and  Bilk  yellow,  and  with  anihne  green  (iodine  green),  indigo, 
and  Berlin  blue,  it  is  used  for  dyeing  silk  and  wool  green.* 

In  France  annually  some  So  to  i  do  tons  of  picric  acid  are  prepared,  but  the  bulk  ia 
mied  for  the  manufacture  of  the  pierate  gunpowder  (see  p,  157,)*  The  ammonia  salt 
of  the  trinitrO'Cresylic  acid  is  met  with  in  the  trade  as  Victi>ria  yellow  as  a  dye 
material.  When  treated  with  cyanide  of  potassium,  picric  acid  yields  isopur|Juric 
acid,  while  thetrinitro-cresylio  acid  yields  with  the  sajue  cyanide  cresyl*purpuric  aoid 
(V.  Sommaruga) ;  the  potassium  and  ammonium  salts  of  tlio  respective  acids  yield  th« 
grenate  brown, 

*  It  has  of  late  become  usual  to  employ,  instead  of  pure  (uon-exploisiTe';  C}^*^^  ti^i^^  the 
Boda  fl&lt  ol  that  aoid,  mider  the  name  of  pierio  acid  and  aniiino-yellow.  Thifi  hAS  givAU 
rise  to  very  serious  accidents,  owing  to  the  highly  exploaive  nature  of  the  «Alt* 
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PhenidoBne.  2.  Phenyl  brown  was  first  prepared  by  Roth  in  1865  by  causing  nitro- 
sulphuric  acid  to  act  upon  carbolic  acid ;  the  resulting  substance,  ph6nicienne  or 
phenyl  brown,  is  an  amorphous  powder,  a  mixture  of  two  pigments,  viz.,  a  yellow, 
according  to  BoUey,  dinitrophenol,  C6H4(NOa)20,  and  a  black-brown  s^^bstance 
which  is  similar  to  the  liumus  compounds.  Phenyl  brown  is  used  for  dyeing  wool 
and  silk. 

awMU  Brown.  3.  Gr6nat  soluble,  which  has  been  very  recently  introduced  by 
J.  Casthelaz  in  Paris  as  a  substitute  for  orseille,  is  nothing  more  than  the  well- 
known  isopurpurate  of  potash,  which  was  first  discovered  by  Hlasiwetz,  and  is 
formed  by  the  action  of  cyanide  of  potassium  upon  a  solution  of  picric  acid  according 
to  the  following  reaction,  as  described  by  Zulkowsky : — 

C6H3(NOa)30+3KCN+2HaO=C8H4KN506+NH3+KC03. 

Picric  acid.    Cyanide  of  Isopurporate      Am-  Carbonate 

potassium.  of  potash,      monia.  of  potash. 

As  Grenate  brown  when  dry  is  explosive  with  the  least  friction,  it  is  kept  in  the 
state  of  a*  paste,  to  which  some  glycerine  is  added  for  the  purpose  of  keeping  it  moist 
coniiiiM.  4.  Coralline,  or  psonine,  a  scarlet  dye  material,  is  formed,  according  to 
Kolbe  and  K.  Schmidt,  by  heating  a  mixture  of  carbolic,  oxalic,  and  sulphuric  acids 
until  the  colour  has  been  sufficiently  developed.  When  the  reaction  is  finished  the 
mass  is  washed  with  boiling  water  for  the  purpose  of  eliminating  the  excess  of  acid. 
The  residue  is  next  dried,  pulverised,  and  submitted  at  iso"*  to  the  action  of  ammonia. 

The  relation  existing  between  the  rosolic  acid,  discovered  in  tar  by  Bunge,  and 
coralline  is  at  present  not  fully  established,  but  according  to  Caro's  researches  these 
substances  are  identical.  Kosolic  acid  may  be  formed  from  carbolic  and  cresylic 
acids  (as  rosaniline  is  from  aniline  and  toluidinc)  according  to  the  following 
formulffi : — 

CeHeO  f  2C7H80=CaoHi603+3Ha. 

Carbolic     Cresylic       Bosolic 
acid.         acid.  acid. 

AmiiM.  5.  Azuline  (phenyl  blue).  When  coralline  is  heated  with  aniline  oil  (com- 
mercial aniline)  there  is  obtained,  according  to  J.  Pcrsoz  and  Guinon-Marnas,  a  blue 
pigment,  which  is  termed  azuline,  or  azurine. 

^***"NSl^Se2ioL™*  It  has  been  attempted  to  prepare  pigments  directly  from  nitro- 
benzol.  Laurent  and  Casthelaz  state  tliat  a  red  pigment  is  obtained  by  keeping  a 
mixture  of  12  parts  of  nitro-bcnzol,  24  parts  of  iron-filings,  and  6  parts  of  hydrochloric 
acid  for  twenty-four  hours  at  the  ordinary  temperature  of  the  air.  There  is  formed 
a  solid  resinous-like  mass,  which  is  first  exhausted  with  water  and  the  solution 
precipitated  with  common  salt.  The  pigment  thus  obtained  is  said  to  be  a  substitute 
for  fuchsin,  and  as  such  capable  of  being  used  as  a  dye  and  fur  calico-printing. 

•  III.  Naphthaline  Pigments. 

NaphUwUne.     This  material,  CioHs,  was  discovered  in  tlie  year  1820  by  Garden  in 
coal-tar,  and  was  afterwards  the  subject  of  researches  by  Faraday,  A.  W.  Hofmann, 
M.  Ballo,  and  others.    According  to  Berthelot  it  may  be  syntlietically  prepared  by 
•ubstituting  for  2  atoms  of  hydrogen  of  the  benzol  2  atoms  of  acetylcn  (CaHa) : — 
C6H6-2H-f2CaHa+C6H4(CaHa)a=CioH8. 
BenzoL  Acetylen.  Naphthaline. 
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Beozol  (liXflridc  of  phenyl),  CfiHe, 
Nitro-benzol.  CeH^fNOa). 
Aniline,  CeH^N, 
IU>samliiie«  CtoH29N3. 


No pliili aline  is  a  crystalline  substance,  exhibiting  rhomboida  when  in  very  thin 
scales,  lis  odoiir  is  peculiar  and  somewhat  similar  to  that  of  storax ;  it  has  a  bomiusg 
taste.  WiDu  cooled,  after  liaving  been  fused,  it  appears  as  a  wliite  crystalline  wmas 
httving  a  sp,  gr,  ==  1*151.  It  fuses  between  79°  and  8o^  and  boils  between  216*  and 
218",  Wien  treated  with  nitric  acid,  naphthaline  yields  phtlmlic  acid»  which  accord- 
ing to  circntnstances  and  by  elimination  of  carbonic  acid  may  be  either  conve 
into  benzol  or  into  benzoic  acid:* — 

Phthalic  add.  Benzol* 

ft.  CflHfiO4-C02=C>7H60a. 
Fhthahc  acid. 
There  exists  between  the  derivatives  of  benzol  and  naphthaline  a  great  an 
which  not  only  extends  to  the  compoj^iliou  and  reaction,  but  even  to  chemical 
physical  properties.     The  analogy  of  compuaition  is  exliibited  by  the  foUowiizg 
tabulated  form: — 

Naphthaline  (hydride  of  naphthyl),  CioHa. 
Kitro-naphtli  aline,  CioH^CNOj)* 
Naphthylamijie,  C10H9K, 
Base  of  tlie  naphllialiDe  red,  C^oHaiK^. 

Naphlhyltunine,  CJ0H9N3,  the  base  which  corresponds  to  aniline,  is  prepared  from 
nnplithaline  in  exactly  the  same  manner  as  aniline  is  prepared  from  benzol*  by  con- 
verting naphtlialine  by  tlie  aid  of  nitro-siilphuric  acid  into  nitro-naptlithaline,  wluch 
is  next  converted  into  napthykmine  by  B^champ's  process  (seep.  574).  As  proved 
by  M,  Balio  (1870I  the  naphthylamine  may  be  readily  eliminated  from  tlio  reduced 
mass,  treated  with  iron  and  acetic  acid,  by  distilling  it  with  tlie  aid  of  steam, 
Naphthylamine  crystallises  in  white  acicular  crystals,  fuses  at  50*,  and  boils  at 
about  300*".    Its  taste  is  sharp  and  bitter.    It  is  almost  insoluble  in  water, 

Naphtliyl amine  serves  for  the  preparation  of  the  folloT^dng  dyes: — 

1.  filartius  yellow,  5.  Naphtlialine  violet, 

2.  Magdala  red,  4.  Naphthaline  blue. 
ifuttuTdkm.       i.  This  pigment,  better  known  in  England  as  Manchester  yellow,  err 

naphthaline  yellow,  Jaune  (for,  is  the  calcimn  or  sodium  compound  of  binitro-naph- 
thalinic  acid  (G,oH6(N0j)30),  obtained  by  adding  to  a  eolation  of  hydroclilorate  of 
naphthylamine  nitrite  of  soda  until  ail  the  napthtliylamine  has  been  converted  into 
diazonaphthoL    The  fluid  wliich  contains  diazonaphthol  is  next  mixed  with  nitric 

•  The  hirge  qnontity  of  henzoio  acid  now  consmued  in  the  preparation  f'f  ar.in«  of  the 
tar  colours,  and  emplojtul  for  other  chemico-tochnical  purposea,  is  no  :  runed 

from  the  bensRoin  resin  ftnim  benzoin,  as  i*  ia  often  termed) ;  but  this  .  '  ymrrd 

either  from  hippuric  acid  present  in  the  urine  of  horses,  or  it  is  a  dcii¥iiUv< 
Dttphtholinc,  Tho  naphtbuiiuo.beQzoic  acid  may  be  prepared  by  two  difft  rent  ni. 
viz. :— I.  By  eonverliog  uaphthalino  into  pbihidiG  acid,  aud  coiwcrtit        '  y_ 

heating  it  with  lime,  iuto  benzoate  of  lime,  from  which,  by  the  Addiii*  i 

add,  the  benzoic  acid  ia  sot  free  and  precipitated.    2.  By  convertiiiR  f  h. 

phthalinilde,CGHvN'02,  and  converting  this  nubstailOO  by  dlttlliiiig  it  with  Ume  iuto  bouz 
nitrile,  C^HjN,  the  latter  by  boiliug  with  caofltie  soda  solution  being  converted  in-_„ 
bonzoate  of  «oda,  from  which  solution  the  benzoio  add  is  aet  free  and  prrcipitatc^d  by  iht^ 
addition  of  hyiirochlorio  acid.  In  the^ear  f868  Man  obtained  from  cy onnaphthyl  a  new 
acid,  to  which  the  name  of  napbtoo  acid  ia  given  (formula  CxjHfiO^J,  a  snbstitute  fot 
benzoic  acid. 
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acid  and  then  heated  to  the  boiling  point,  the  binitro-naphthylic  acid  is  thrown  down 
in  yellow  acicular  crystals.  The  conversion  of  naphthylamine  into  binitro-naphthylic 
acid  (binitro-naphthol)  may  be  elucidated  by  the  following  formulse : — 

a.  CioH9N+HNOa=2HaO+CioH6Na. 

Naphthylamine.  DiazonaphthoL 

0.  CxoHeNa+aHNOa = 2N+HaO+CxoH6(NOa)aO. 
DiazonaphthoL  Binitro-naphthylic  acid. 

As  proved  by  M.  Ballo,  the  latter  acid  may  be  directly  formed  by  the  action  oi 
nitric  acid  upon  naphthylamine.  Manchester  yellow  imparts  directly  to  wool  and 
silk,  without  the  intervention  of  any  mordant,  yellow  hues,  which  may  be  made 
to  differ  in  depth  of  colour  from  lemon-yellow  to  deep  golden-yellow,  i  kilo,  of  the 
dry  calcium  or  sodium  compound  dyes  200  kilos,  of  wool  brilliantly  yellow.  While 
picric  acid  dye  is  volatilised  by  steam,  the  Manchester  yellow  perfectly  admits  of  the 
operation  of  steaming.  In  this  country  this  dye  material  is  frequently  employed 
for  the  purpose  of  modifying  the  hue  of  magenta. 

utffdaUBed.      2.  This  pigment,  naphthaline  red,  CjoHazNj,  was  discovered  in  1867 

by  Von  Schiendl  at  Vienna,  and  has  been  the  subject  of  researches  by  Durand, 

Ch.  Kestuer,  Dr.  A.  W.  Hofmann,  and  others.    It  is  generated  from  naphthylamine 

by  the  elimination  of  3  molecules  of  hydrogen  from  3  molecules  of  the  base : — 

3CioHgN--3Ha===C3oHaiN3. 

Naphthylamine.         Magdala  red. 

On  the  large  scale  the  preparation  of  Magdala  red  is  effected  in  tico  stages.  In 
Uie  first  the  naphthylamine  is  converted  into  azodinaphtliyl-diamine  by  the  action  of 
nitrous  acid : — 

a.  aCioHgN+HNOa  =  2HaO+C2oHi5N3. 
Naphthylamine.      Azodinaphthyl-diamine. 

In  the  second  stage  the  azodinaphthyl-diamine  is  treated  with  naphthylamine,  the 

result  being  the  formation  of  Magdala  red. 

0.  CaoHisNa+CioHgN  =  CoHaiNg+NHa. 

Azodi-       Naphthyl-      Magdala 
naphthyl-diamine.  amine.  rod. 

The  Magdala  red  of  commerce,  a  black-brown,  somewhat  crystalline  powder,  is  the 
cliloride  of  a  base  of  the  composition  described. '  As  regards  tinctorial  powder  Mag- 
dala red  is  not  less  valuable  than  fuchsin,  while  it  surpasses  the  latter  in  being  a 
very  fast  colour.  When  treated  with  iodide  of  methyl  and  iodide  of  ethyl,  naphtha- 
line red  yields  violet  and  blue -coloured  derivatives. 

"XphSliuS^vioiJf.**  3  *^^  4*  Violet  and  blue  naphthaline  pigments  may  be  prepared 
in  various  ways;  for  instance,  by  phenylising  naphthylising,  methylising,  or 
ethy Using  Magdala  red;  also  by  treating  naphthylamine  with  mercuric  nitrate 
(Wilder),  by  substituting  for  hydrogen  in  aniline  and  toluidine  the  radical  naphthyl, 
C10H7.  J.  W^olff,  as  early  as  1867,  obtained  a  very  brilliant  naphthyl  blue  in 
this  manner ;  again,  from  rosaniline  and  mono-bromnaphtlialine,  and  from  rosaniline 
and  naphthylamine  (M.  Ballo).  Very  recently  Blumer-Zweifel  as  well  as  Kiel- 
meyer  have  produced  naphthylamine  violet  on  cotton  and  linen  fabrics,  by  treating 
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rmphtliylamino  while  present  on  die  woven  tissues  with  chloride  of  copper,  chlorata^ 
of  potash,  and,  in  fact»  ail  such  reagents  as  may  be  employed  for  tlie  produoiion  oi 
aniline  black*  (see  p.  579). 

IV,  Anthracen  Pigments, 
AaLhcMH  Ptcme&u.      Aotliraccn  (para-naphthaline,  photen),  Cj^Hjq,  is  present  in  coal- 
Ur  to  an  amount  of  075  to  1*0  per  cent,  and  was  discovered  bjr  J,  Dnnias  in  1S3Z, 
wliile  in  1869  it  was  first  employed  by  Graebc  and  Llebermann  for  the  parpo6«| 
of  obtaining  anthracen  red  or  artificial  alizarin.    Anthracen  occurs  in  that  portion* 
of  the  products  of  llie  distillalion  of  coal-tar  which  bdng  rather  thick  are  knovm 
in  this    country  by  tlie    designation    of  green  grease,  and,   as  sucli,  used   as  a 
coarse    lubricatttig    material.    The    green    grease    consists    of  heav}*   oils^   some 
naphthaline,  and  about  20  per    cent    of   anthracen.     By  means  of   the   hydro- 
extractor,  and  by  submitting  the  raw  material  to   strong  pressure,   crude    (con- 
riaining  60  per  cent  pure)  anthracen  is  obtained.     Thia  raw  material  is  purified  by 
being  treated  witli  benzoline  (petroleum  spirit),  aided  by  heat,  and  agoin  aided 
by  the  centrifugal  machine,  fusion,  and  sublimation,  these  operations  resulting  at  last  1 
in  the  production  of  pure  anthracen.    This  substance  tlien  appears  as  small  foliated 
cr^'stals,  white,  void  of  odour^  fusing  at  215%  and  subliming  at  a  higher  temperature 
without  decomposition.    This  body  is  sparingly  soluble,  in  alcohol  and  benzol,  more 
readily  in  sulphide  of  carbon.    With  picric  acid  it  yields  a  compound  exhibiting  mby- 
red  crystals ;   while  under  the  influence  of  oxidising  agents  it  is  converted  iuta 
antlirachinoB  (oxauthracen,  oxypholen),  Ci4HgOa,  which  in  its  turn  is  converted  inla  ] 
alizarine,  C14HSO4.  by  a  circuitous  process. 

According  to  the  original  metliod  of  preparing  alizarine,  the  aBthiaehinon, 
<?,4H80j.  obtained  from  anthracen  by  the  action  of  oxidising  agents,  such  aa  nitrie 
ncid,  was  first  converted  into  bibromide  of  anthrachinon,  Cj^H^BrjOa,  by  treating  j 
anthracliinon  with  bromine,  and  this  bromated  compound  was  furtlier  treated  cither 
witli  caustic  potash  or  caustic  soda  at  a  temperature  of  180'  to  200"*,  tlio  bibromide  of 
anthrachinon  becoming  converted  into  ali^^orine  potas!>ium  (or  alizarine  sodium, 
if  caustic  soda  has  been  used),  from  wliich  the  alizarine  is  set  free  by  the  addition  of 
hydrociiloric  acid : — 

a.  Ci^HeBr^Oa+KOH  =  C,4H6K204+5BrK+2HgO, 


Bibromide  of 
Anthrachinon, 


AUzariuo 
PotiLBfiium, 


ft.  C,  ^H^K^O^+aClH  =  C^HsO^+aCUv. 


Alizarine  * 
Putassium. 


Alisarinc. 


^^Uizarine  is  now  prepared  from  anthrachinon  by  treatment  at  a  temperature  of 
«6o*  with  concentrated  sulphuric  acid  of  1S4  sp.  gr.,  the  anthrachinon  being 
converted  into  a  sulpho-acid ;  this  ncid  is  next  neutralised  with  carbonate  of  lime,  the 
Huid  decanted  from  the  deposited  g>'psmn,  and  carbonate  of  potash  added  to  it  for  lh« 

•  It  is  evident  that  by  combining  Buitable  aniline,  naphthvl,  and  cetyl  coropr-  '  ''  -»  " 
greatest  variety  of  blue  and  violet  pi^^euis  may  b«  prtjuirod.  The  foil*' 
pigments  were  obtained  lu  the  Buramer  of  1S67,  these  rcttearches  being  undertat. :  .  ,- 
9equwieo  of  the  reaulta  obtained  by  J.  M'olJI  in  the  name  direction,  i,  Fuciiiim  and 
bromide  of  naphthyl.  2.  FncbBiu  and  cetyl  bromide.  3.  NaiJhth.vlftmino.  fuchisin,  and 
aailhue  oiL  4.  Cetvlamine,  fucbBin,  and  aniUne  oil.  5,  Naphth>"lamine,  !ach*in,  and 
oetyUmine*    6.  CctyUmine,  fucbein,  and  nnphthylamhiu. 
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purpose  of  precipitating  all  the  lime.  The  clear  liquid  is  tlien  evaporated  to 
dryness,  the  resulting  saline  mass  is -converted  into  alizarine-potassium  by  heating  it 
with  caustic  potash.  From  the  alizarine -potassium  thus  obtained  the  alizarine  is  set 
free  by  the  aid  of  hydrochloric  acid.  According  to  another  method,  the  preparation 
of  anthrachinon  is  avoided,  and  anthracen  employed  directly,  by  first  converting  it — 
by  the  aid  of  sulphuric  acid  and  the  application  of  heat — into  anthracen  sulpho- 
acid,  CjsHxsSH^Oj.  After  having  been  diluted  with  water,  the  solution  of  this  acid 
is  treated  with  oxidising  agents  (peroxides  of  manganese,  lead,  chromic  acid,  nitric 
acid),  and  the  acid  fluid  is  next  neutralised  with  carbonate  of  lime.  When  peroxide 
of  manganese  has  been  used  the  manganese  is  also  precipitated  as  oxide.  The 
oxidised  sulpho-acid  having  been  previously  converted  into  a  potassium  salt,  the 
latter  is  heated  with  caustic  potash,  alizarine-potassium  being  obtained. 

There  is  no  doubt  that  anthracen  may  be  converted  into  alizarine  by  other  means ; 
and  it  is  very  likely  that  from  other  hydrocarbons  (benzol,  toluol,  naphtlialin)  present 
in  coal-tar,  anthracen  and  anthracen  red  may  be  obtained. 

The  industrial  manufacture  of  artificial  alizarine,  carried  on  in  the  first  place  by 
the  inventors  of  this  process — Graebe  and  Liebermann ;  and  taken  up  by  J.  Gessert, 
at  Elberfeld ;  Bronner  and  Gutzkow,  at  Frankfort-on-Maine ;  Briining,  at  Hochst 
(near  Wiesbaden) ;  Greifi",  at  Cologne ;  and  by  Perkin,  in  London — ^is  one  of  the 
brightest  pages  in  the  history  of  chemical  technology.  Although  for  the  present 
anthracen  red  cannot  compete  with  madder,  it  will,  in  all  probability,  become  in 
a  very  great  measure  a  substitute  for  that  dye-stuff  and  garancine. 

V.  Pigments  from  Cinchonine, 
dnehonino  rigmenti.  The  preparation  of  pigments  from  cinchonine — an  almost  waste  • 
by-product  of  the  manufiacture  of  quinine  on  the  large  scale — may  be  conveniently 
considered  as  an  appendix  to  the  coal-tar  colours.  Cinchonine  is  submitted  to 
distillation  with  hydrate  of  soda  in  Qxcess,  the  resulting  product  being  about 
65  per  cent  crude  chinoline  (chinoline  oil),  a  mixture  of  the  three  following  homo- 
logous bases : — 

Chinoline     C9H7N. 

Lepidine      C10H9N. 

Kr3rptidine  or  dispoline     CnHuN. 

Lepidine  is  the  chief  constituent  of  this  mixture. 

When  chinoline  oil  is  heated  with  iodide  of  amyl  the  result  is  the  formation 
of  amyl-lepidin-iodide,  which  on  being  treated  with  caustic  soda  solution,  yields  a 
very  brilliant  blue  pigment — cyanine,  lepidine  blue,  or  chinoline  blue,  CjoHjgNal.  This 
substance  is  a  crystalline  compound,  exhibiting  a  metallic  green  gloss  and  golden 
yellow  hue ;  it  is  difficultly  soluble  in  water,  readily  in  alcohol.  The  formation  of 
cyanine  may  be  elucidated  by  tlie  following  formulce : — 

a.  CxoHgN+CjBWf  =  CisHaoNI. 

Lepidine.    Iodide  of  AmyMepidin- 
Amyl. .         iodide. 

fl.  2Ci5HaoNI+NaOH  =  C30H39N J+Cal+HaO. 

Amyl-lepidin-  Cyanine 

iodide. 
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lied  Pigments  occurring  in  PlanU  and  Anlmali. 
Mftdder  is  the  root  of  the  Eubia  tinctorttm,  a  perennial  pbuit 
cultivated  in  Southern,  Central,  and  Western  Europe;  while  in  the  Levant  the 
R.  jjeregrina,  and  in  the  East  Indies  and  Japan  tlie  J?,  viunf/hta  (mnng^et), 
are  partly  cultivated,  partly  met  fvith  in  the  wild  state.  According  to  the  researches 
made  in  England,  the  dye  iipported  under  the  name  of  mungeet  from  India  is 
not  the  root,  but  the  reedy  stem  of  a  speoies  of  Buhia,  and  as  a  dye  it  is  inferior.  The 
native  country  of  tlie  madder  plant  h  the  Caucasus,  All  these  plants  are  perenniaL 
The  root  varies  in  length  from  lo  to  25  centims, ;  it  is  not  much  gnarled,  and  iB 
generally  a  httle  thicker  tJian  the  quill  of  a  pen.  External!)'  the  root  is  covered  irith 
a  bro^n  bark  ;  internally  it  exhibits  a  yellow-red  colour.  Madder  is  met  with  in  the 
trade  in  tlie  root  (teclmicaUy  racing  if  European),  and  in  powder  exhibiting  a 
red-yellow  colour,  and  possessing  a  peculiar  odour.  Avigfnon  madder,  however,  has 
hardly  any  smell  at  all  ]  but  the  odour  is  particularly  marked  in  Zeeland.  or  so-called 
Holland,  madder.  The  powdered  madder  is  always  kept  in  strong  oaken  casks,  80 
as  to  exclude  air  and  light.  The  best  kind  of  madder  is  that  grown  in  tho 
Levant  (Smyrna  and  Cyprus),  and  met  with  in  the  trade  under  the  name  of  lizari  or 
alizari,  in  roots  which  are  usually  rather  thicker  than  the  root.s  of  the  Europeaa 
varieties,  owing  partly  to  the  fiict  tliat  the  Levant  madder  is  generally  of  four  to  fiv* 
years*  growth,  wliile  in  Europe  the  roots  are  of  two  to  tliree  years'  growth  only. 
Dutch  madder,  clue  fly  gro^sii  in  the  province  of  Ze  eland,  is  met  with  decorticate 
(robf),  the  outer  bark  and  sometimes  the  spHnt  bark  having  been  removed.  The  well 
dried  roots  are  broken  up  by  means  of  wooden  Btampers  moved  by  machinery,  to 
reduce  the  bark  and  splint  bark  to  powder,  while  the  veiy  hard  internal  portion  of 
the  root  is  left  untouched,  tliis  being  separated  from  the  powder  by  means  of  sieves. 
The  powder  is  put  into  casks  and  termed  heroofde.  During  the  last  ten  or  twelve 
years,  tlie  old  madder  sheds  (meestovcn)  in  Zeeland  have  been  superseded  by  larga 
manufactories,  in  which  tlie  madder  root  is  treated  as  it  is  in  tlie  Vaucluse  (France), 
and  ground  up  entirely,  so  that  the  former  distinct  qualities  of  madder  are  no  longer 
met  with,  TOien  the  whole  root  is  pulverised  the  madder  is  termed  ouheroqfdt^  non 
roiti.  Besides  tlie  Dutch  madder,  that  from  Alsace  and  from  the  Vaucluse, 
Avignon,  occur  very  largely  in  the  trade,  Wlmt  is  known  as  mull  madder  is  the 
refuse  and  dust  from  the  floors  of  tlie  works,  and  is  tlie  worst  quality.  In  addition  to 
colouring  matter,  madder  contains  a  large  quantity  of  sugar,  of  which  \V.  Stein  (iS6g) 
found  as  mnch  as  S  per  cent.  "Wliile  it  was  fonnerly  considered  tlmt  madder 
contained  no  less  tlmn  five  different  colouring  substances,  it  appears  from  recent 
researches  that  this  root  in  fresh  state  only  contains  tivo  pigments,  via:,  rube* 
rythrinie  acid  (fonnerly  termed  xanthin),  and  pwrpurine.  According  to  Dr.  Bochlcder, 
tlie  former  of  tlic&e  is  converted  under  the  influence  of  a  peculiar  nitrogenoaa 
substance  present  in  the  madder  root  into  alizarine— the  essential  colouring  matter  of 
madder — and  into  sugar  :■ — 


Rnberj-thrinio 
acid* 


AUzanne*       Sugar. 


According  to  the  researches  of  Graebe  and  Liebermann,  alizarine  is  a  derivatii 
from  anthracen,  Cj^Hjo,  the  formula  of  the  fonner  being  C14H8O4,    As  already  men«- 
tioned  (see  p.  5S5),  Graebe  and  Liobemiann  have  succeeded  in  converting  anthracen 
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ihio  uliziLriiie  (iS6g).  AHz&xme  is  yellow,  but  becomes  red  tmder  the  inflacnce  of 
alkalies  and  alkaline  eartlis.  Madder  contains  a  red  pigment,  pnrpurine,  or 
rabiacine,  C14HSO3,  whicli  by  itself,  as  well  as  in  combination  with  alizarine,  yields 
a  good  dye. 

M»dd«rLik*.  We  understand  by  tliis  term  a  combination  of  alizarine  and  purpurine 
(the  colouring  matter  of  niadtler)  with  basic  alumina  salts.  Madder  lake  is  prepared 
by  first  washing  madder  with  water,  distilled  or  at  least  free  from  lime  salts, 
and  next  exhausting  the  dye-stuflf  with  a  johition  of  alum*  the  liquor  thus  obtained 
being  precipitated  with  carbonate  of  soda  or  borax.  The  bulky  precipitate  having 
been  collected  on  a  iilter  is  tlioroughly  waslied  and  dried, 

Fiowcni  at  at»rid<r.  The  preparation  made  from  madder  on  the  large  scale  and  known 
in  the  trade  as  llowers  of  madder  fjkur  de  ffarance),  is  obtained  from  tlie  pulverised 
madder  by  steeping  it  in  water*  inducing  fermentation  of  tlie  sugar  coutaincd  in  it, 
and  next  thorougljly  washing  the  residue,  lirst  with  warm,  next  with  cold  water.  The 
residue  after  subjection  to  hydraulic  pressure  to  remove  the  water*  is  dried  at  a  gentle 
heat,  and  liaving  been  pulverised  again  is  used  in  the  same  manner  as  madder  for 
dyciiig  ptiqioses.  The  operation  of  dyeing  with  the  flowers  of  madder  requires  a 
less  elevated  temperature  of  the  contenta  of  the  dye-beck.  It  would  appear  timt  by 
the  preparation  of  the  flowers  of  madder  the  pectine  substances  of  the  root  are 
eliminated  wliich  otherwise  become  insoluble  during  the  operation  of  dyeing. 

AiBie,  When  llowers  of  madder  are  treated  with  boiling  metliylic  alcohol  (wood- 
Spirit),  the  solution  obtained  filtered,  and  water  added  to  the  filtrate,  a  copious  yellow 
precipitate  is  obtained,  wliich  having  been  washed  with  water  and  di"ied  constitutes 
the  material  known  as  a^ale  (from  azala,  iVrabiau  for  madder),  which  has  been 
suggested  for  use  as  a  dye  material  in  France.  Probably  this  substance  is  crude 
alizarine  ;  as  obtained  from  madder  or  garuncine  it  is  met  with  in  the  trade  sometimes 
under  the  name  of  rincoffine»  having  been  first  discovered  and  prepared  by  Mr. 
Pincoflk,  at  Manchester. 

owftndnt  This  preparation  of  madder  contains  tlie  colouring  principles  of  the  root 
in  a  more  concentrated,  pure,  and  more  readily  exliaustible  state.  In  order  to 
prepare  garancine,  madder  (generally  this  term  is  givtiu  to  the  pulverised  root)  is 
tirst  moLbtened  uniformly  with  water,  and  next  there  is  added  i  part  of  sulphuric 
acid  diluted  witli  i  part  of  water,  Tliis  nrnttia©  is  hcattd  by  means  uf  steam 
to  about  100"  for  one  hour,  and  the  magma  then  thoroughly  washed  with  water 
for  tlie  purpose  of  eliminating  all  the  acid.  This  having  been  done  tlie  garaucine 
is  submitted  to  hydraulic  pressure  for  the  purpose  of  getting  rid  of  the  greater  part 
of  tlie  water,  aft4"r  which  the  material  is  dried  and  lastly  ground  to  a  very  line 
powder.  By  the  action  of  the  sulphuric  acid,  some  of  the  substances  contaiQed 
in  madder  and  more  or  less  interfering  \iith  its  application  as  a  dye,  are  eliminated 
by  tlie  woiihiug  of  the  garancine,  while  the  colouring  matter  remains  mixed  with  tho 
poi'tly  carboniued  organic  substnnces.  As  regards  its  tinctorial  vahie  i  part  of 
garancine  may  be  takt^n  as  equal  to  3  to  4  parts  of  madder.  As  madder  when 
employed  in  dyeing  does  not  become  quite  exliaustcd,  tlie  lluids  of  the  dye-beck  are 

Oasumbs.  strained  from  the  solid  resiilue,  and  this  is  treated  with  Jialf  of  its  weight 
of  sulphuric  acid.  Tlie  mass  is  next  treated  as  has  been  describt^d  under  Gaiancine, 
and  constitutes  after  drying  what  is  known  as  gartuweujc,  being  used  geuernlly  for  the 
production  of  what  are  termed  sad  colours  (black,  deep  brown,  Ulacj.  As  a  matt^  ol 
course  garanceux  is  of  less  tinctorial  value  llian  gainncine. 
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coioriasu  The  Bubstftuce  met  with  in  commerce  under  the  name  of  colorine  JS  the 
dry  alcoholic  extract  of  garancine,  and  consists  essentiallv  of  alizarine,  purpurin^* 
fatty  matter,  and  other  substances  soluble  in  alcohol  present  in  garancine,  E.  Kopp 
commenced  some  years  since  to  exhaust  madder  with  an  aqueous  solution  of 
tulphuroiu  acidt  thereby  obtaining  the  pigments  of  madder  in  a  (for  technical  pur- 
poses) pure  condition.  These  preparations,  which  ore  already  extensively  used,  mv 
distinguished  as: — Green  aHzarine  {Alizarine  vertc),  which  from  Alsace  madder 
IB  obtained  to  an  amount  of  about  3  peif  cent,  containing  with  the  ahzarine  a  greca 
resinous  material ;  yellow  alizarine  (Aiharine  jaunc),  the  fonner  substance  withooi 
the  resinous  material,  this  having  been  eliminated  by  suitable  solvents,  as  parpurina 
and  flowers  of  madder.  The  tinctorial  value  of  purpurine  amounts  to  10  times,  imd 
that  of  the  green  and  yellow  alijsarincj  to  3^  to  36  times,  that  of  madder.  Madder  of 
good  quality  yields  on  the  large  scale : — 

Purpurine      ...     1*15  per  cent. 

Green  alizarine    ...     ...     ...      2  50 

Yellow  alizarine   032 

Flowers  of  madder      3  9  00 


I 


BisBaorCamw&oo.  By  this  name  ore  designated  several  varieties  of  wood  Monging 
to  the  Cittalpinia,  and  used  for  dyeing  purposes.  The  best  kind  is  the  fio-ealled 
Pernambuco  or  Fernambuco  wood,  obtained  from  the  Cdsalpinia  brasiUctutii  1.  cruUt ; 
externally  it  is  yellowbrown,  internally  its  colour  is  a  bright  red,  while  the  wood 
is  hea^y  and  rather  hard.  Its  name  is  derived  from  tlmt  of  the  state  of  the  BrazUiAn 
Empire,  in  uMch  the  tree  grows  abundantly.  It  is  met  with  in  commerce  in  chips 
and  large  logs.  The  sapan  wood  obtained  from  Japan,  and  derived  from  the 
\C.  9(ipan)  is  an  inferior  kind,  wlnle  the  varieties  known  as  Lima  or  Nicaragua  wood, 
or  Bois  tie  Ste.  Marlhe  {0.  echinata)^  and  the  brasiJet  wood  (C  vcsiearia),  are  all  of 
less  value.  All  these  kinds  of  wood  contain  a  colouring  matter  termed  brasilinet 
(according  to  BfjUey  the  formula  is  C44H4oOi4+3lIaO),  a  colourless  substance, 
crystallising  in  small  acicular  cr)  stals,  the  aqueous  solution  of  which  turns  gradually 
carmine-red  by  exposure  to  air,  a  change  brought  on  almost  instantaneously  eitlier 
by  boiling  the  solution  or  by  the  action  of  alkalies.  Brazil  wood  is  used  in  dyeing 
for  the  production  of 'a  beautiful  red  colour,  which  is  not  fast.  This  wood  ia  also  used 
for  the  preparation  of  round  lac,  for  which  purpose,  however,  the  red  and  violet  t^r- 
colours  are  now  more  often  employed,  lied  ink  is  commonly  made  with  brazil  woo<l 
according  to  the  following  recipe  : — Brazil  wood,  250  grms. ;  akmi,  30  grms. ;  crt-^^un 
of  tartar,  30  gnus.;  water,  2  litres.  BoU  down  to  1  Htre,  strain  tlic  liquid,  and  next 
add  of  gum  arable  and  sugar  candy  each  30  grms*  A  better  red  ink  is  obtained  by 
dissolving  z  decigrmnmes  (4  grains)  of  carmine  in  1827  grms.  (5  dims.}  of  liquid 
ammonia,  and  adding  a  solution  of  i  grm.  (18  grains)  of  gum  arabic  in  2  fluid  ounces 
of  water.  Bed  inks  are  now  frequently  prepared  from  solutions  of  fuchsin  to  whicii 
some  gum  and  alum  are  added,  or  by  dissolving  commcrcia!  aurine,  a  modification 
of  rosolic  acid,  in  a  solution  of  carbonate  of  soda. 

iAodaiwood.  There  is  a  red  and  a  yellow  variety  of  Oiis  wood  in  commerce.  The 
red  wood  is  derived  from  Plcrocarpus  satitaJirtus,  a  tree  growing  in  Ceylon  and  other 
parts  of  India.  The  wood  h  imported  in  logs  exlii biting  a  straight  fibrous  texture, 
and  externally  a  deep  red,  intern  ally  a  bright  red.  The  colouring  matter  contained 
in  this  wood  is  of  a  resinous  nature  and  is  named  santaline.     According  to  the 


m 


DYEING.  589 

researches  of  H.  Weidel  (1869),  sandal  wood  contains  a  colourless  body,  santal, 
CsHeOj,  which  appears  to  be  converted  by  oxidation  into  santaline.  Sandal  wood  is 
used  for  the  preparation  of  coloured  lakes,  coloured  furniture  polish,  for  dyeing  wool 
brown,  dyeing  leather  red,  as  a  pigment  in  tooth  powders,  &c.  The  same  pigment  is 
found  in  barwood,  derived  from  Baphia  nitida,  an  African  tree ;  this  wood  is  said  to 
contain  no  less  than  23  per  cent  of  santaline,  while  sandal  wood  only  contains 
16  per  cent  of  this  substance. 

safflower.  Thc  drug  to  which  this  name  is  given  consists  of  the  dried  petals  of  the 
flowers  of  the  Cartliamus  tinctoriuSt  a  thistle-like  plant  belonging  to  the  family  of  tlie 
Synantherea,  a  native  of  India,  and  cultivated  in  Egypt,  the  southern  parts  of 
Europe,  and  also  to  some  extent  in  parts  of  Germany.  Safflower  contains  a  red 
matter,  carthamine,  insoluble  in  water,  and  also  a  yellow  substance  soluble  in 
that  liquid.  The  quality  of  this  drug  is  better  according  to  its  greater  purity  from 
mechanical  admixtures,  such  as  seeds,  leaves  of  the  plant.  Carthamine,  CX4H16O7,  or 
JRouge  v^g6tal,  is  prepared  in  the  following  manner : — The  safflower  is  exhausted 
with  a  very  weak  solution  of  carbonate  of  soda,  and  in  this  fluid  strips  of  cotton- 
wool are  dipped,  after  which  tlie  strips  are  immersed  in  vinegar  or  very  dilute 
sulphuric  acid  for  the  purpose  of  neutralising  the  alkali.  The  red-dyed  cotton  strips 
are  next  washed  in  a  weak  solution  of  carbonate  of  soda,  and  the  solution  thus 
obtained  is  precipitated  with  an  acid  ;  the  carthamine  thrown  down  is  first  carefully 
washed,  and  next  placed  on  porcelain  plates  for  the  purpose  of  becoming  dry. 
Carthamine  when  seen  in  thin  films  exhibits  a  gold-green  hue,  while  when  seen 
against  the  light  the  colour  is  red.  When  carthamine  has  been  repeatedly  dissolved 
and  precipitated  it  is  termed  safflower-carmine.  Mixed  with  French  chalk  (a 
silicate  of  magnesia),  carthamine  is  used  as  a  face  powder.  Safflower  is  used  for 
dyeing  silk,  but  the  red  colour  imparted  is,  although  brilliant,  very  fugitive. 

cocheniiic,  orCochinoaL  This  substaucc  is  the  female  insect  of  tlie  Coccus  cacti,  found  on 
several  species  of  cacti,  more  especially  on  the  Nopal  plant  and  the  Cactus  opuntia. 
This  insect  and  tlie  plants  it  fefeds  on  are  pui-posely  cultivated  in  Mexico,  Central 
America,  Java,  Algeria,  the  Cape,  &c.  The  male  insect,  of  no  value  as  a  dye 
material,  is  winged,  the  female  wingless.  The  female  insects  are  collected  twice 
a  year  after  they  have  been  fecundated  and  have  laid  eggs  for  the  reproduction 
of  young,  and  are  killed  either  by  the  aid  of  the  vapours  of  boiling  water  or  more 
usually  by  the  heat  of  a  baker^s  oven.  Two  varieties  of  cochineal  are  known  in 
commerce,  viz.,  the  fine  cochineal  or  niestlcay  chiefly  gathered  in  the  district  of 
Mestek,  a  province  of  Honduras,  on  tlio  Nopal  plants  there  cultivated ;  and  the  wild 
cochineal,  gathered  from  cactus  plants  which  grow  in  the  wild  state.  This  latter 
variety  is  of  inferior  quality.  Cochineal  appears  as  small  deep  brown-red  grains,  at 
the  lower  and  somewhat  flattened  side  of  which  the  structure  of  the  insects  is  some- 
what discernible.  Sometimes  the  dried  insect  is  covered  with  a  white  dust, 
but  frequently  the  material  is  met  with  exhibiting  a  glossy  appearance  and 
black  colour.  The  white  dust,  very  frequently  fraudulently  imparted  by  placing  the 
grain  with  French  chalk  or  wliite-lead  in  a  bag,  is  according  to  the  results  of 
microscopical  investigation,  the  excrement  of  the  insect,  exliibiting  when  seen  under 
the  microscope  the  shape  of  curved  cylinders  of  very  uniform  diameter  and  a  white 
colour.  Cochineal  contains  a  peculiar  kind  of  acid — carminic  acid — which,  by  the 
action  of  very  dilute  sulphuric  acid  and  other  reagents,  is  split  up  into  carmine-red 
(carmine) — also  present  in  the  insect,  together  ^th  the  acid — and  into  dextrose  :^> 
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Carminic 
acid. 


Carmine- 
red . 


Dextro&e. 


What  is  commonly  icmicd  carmine  is  prepAied  by  cxliatisting  the  cochineal  witlt 
boilmg  water;  to  tlio  decanted  clear  fluid  alum  is  added,  after  which  it  is  left 
standing.  By  nnothoi*  method  cnrmine  ia  prepared  by  exhausting  the  pulverised 
cochineal  with  a  solution  of  carbonate  of  soda,  white  of  e^^  is  next  added  to 
this  solution  for  the  purpose  of  clarifying  it,  and  afterwards  Uie  solution  is  precipi- 
tated with  an  acid.  The  washed  precipitate  is  next  dried  at  30*,  So  prepa 
a  finer  and  better  kind  of  connine  is  obtained,  but  the  common  carmine — car 
Iflc  and  round  lac — is  prepared  by  treating  an  aluminous  solution  of  cocliineal  witli 
carbonate  of  soda ;  the  larger  the  (quantity  of  alumina  contained  in  tliese  preparatioDJ^ 
the  coarser  the  quality. 

i«i>y«.  This  dye-stuff  is  obtained  from  a  resinous  substance,  stick  or  grain  lac. 
or  gum  resin,  and  is  derived  from  a  variety  of  the  cochineal  insect  in  the  following 
manner : — Tlie  Coceui  hu:ca^,  a  native  of  India,  pierces  the  branches  of  certain  Icinda 
of  fig-trees  from  which  a  mUky  juice  exudes,  which,  wliile  becoming  inspissated 
encloses  tlie  insects  and  at  hist  forms  a  hard  resinous  mass  tinged  with  the  dyc-sH] 
contained  in  tlie  insects.  This  pigment  is  extracted  from  the  resinous  matter  byT 
means  of  a  solution  of  carbonate  of  soda,  and  the  solution  obtained  is  precipitated  by 
alum  solution.  The  lac  dye  is  not  very  different  from  cochinenh  The  dye  materia 
ccurtiiincd  in  kermes  {Coccus  ilicU)^  Cocctts  polouicujs^  and  Cocvuit/abtt  are  similar  tij 
that  contained  in  cochineal,  but  are  now  quite  obsolete  ;  even  cochineal  is  far 
used  since  the  coal-tar  colours  have  been  introduced. 

orehfl  and  pfettiio.  By  orchil,  persio,  and  cudbear,  wc  designate  red  dye-sttifis  which  1 
met  witli  in  commerce  in  pasty  masses.  Orchil  is  prepared  from  several  kinds 
sea- weed,  RocceUa  iinctoruj,  M*  fucifomiu,  li,  Montafjna^  Uanta  hitrhatit^  Ufn 
Jhi'ida,  Lecanora  parella,  Unceolaria  scmjfosa,  liamalina  atlUatit,  OyrophorA 
pugtulata,  and  otliers,  which  having  been  well  dried,  arc  tii-st  ground  to  a 
very  fine  powder.  This  is  mixed  mth  urine  and  left  to  enter  into  putrefacdT 
fermentation.  The  carbonate  of  ammonia  formed  by  tlie  decay  of  the  urine  acti 
upon  the  peculiar  acids — lecanoric,  alpha  and  beta  orceUic,  erythrinic,  gyrophoric, 
evemic,  usninic,  &c. — contained  in  tliese  sea-weeds  converts  these  non-nitrogenous 
suhstauces  into  orcine,  CyllsOj,  this  reaction  being  accompanied  by  the  elimination 
of  water,  and  usually  also*with  tbe  elimination  of  carbonic  acid.  By  taking  up 
nitrogen  and  oxygen  orcine  is  converted  into  orceine,  CyH^XO^,  constituting  tho 
essential  colouring  mutter  of  orchil.  This  substance  appears  as  a  red  paste,  exlii« 
biting  a  pccuUar  violet  oduur  [viola  mlorata)  and  an  alltaline  taste.  Before  the  coal- 
tar  colours  were  discovered,  this  dye  material  was  prepared  chielly  in  England  and 
France,  from  weeds  imported  from  the  Canary  Islands,  or  collected  on  the  Pyrcneei 
and  imported  from  Lhna  and  Valparaiso*  Persio,  cudbear,  or  red  indigo,  is  mach 
the  same  land  of  product  as  orchil ;  Uie  former  was  formerly  prepared  in  Scotia 
from  Bea-weads  found  on  the  coast.  At  a  later  period  it  was  made  in  large  quantity^ 
in  Oennany,  in  France,  and  in  England.  Persio  was  a  red* violet  powder.  Some 
ten  years  ago  two  preparations  of  orchil  were  hronght  into  conimcrce  imder  the 
names  of  orchil  carmine  and  orcliil  purple  {pourpre  Fntnr^aU).  Thesa  substaucea 
contained  the  orchil  dyes  in  a  very  pure  condition.    Since  the  tar  ^colours  have  ] 
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their  appearance,  the  dyes  obtained  from  the  sea-weeds,  yeiy  beautiful  but  veiy 
p^risbabk  colours,  have  in  a  great  measure  become  obsolete, 

L«Mi«port»iit  u«<i  Pyai,  Among  the  less  important  red  dyes  and  coloturiog  xnattem  are  thd 
alkanet  root  {Anchu4a  tincioria) ;  dragou^B  bloody  a  red-coloured  resin  from  Dracaenn 
draco ;  harmala  red  from  the  seeds  of  the  Fesanum  Marmah,  a  plant  growing  in  the 
BteppeB  of  Russia;  Ckicn  red,  or  carajorn,  from  the  leaves  of  the  Bifjnonia  chica,  a  tree 
growijig  in  Venezuela  ;  i>arpie«oarmine,  or  marexide,  obtained  from  urio  acid  by  treating 
it  with  oxidising  Bubstauees  (nitric  acid  for  instance)  and  next  witb  ammonio. 


Blue  Dt/e  Mater iaU, 
®*'**  %iJJ******^*  Indigo  is  the  cliief  blue  dye.  Although  known  to  the  Romans  and 
Greeks,  who  used  it  for  painting  purposes,  it  was  not  used  as  a  dye  stuff  in  Europe 
until  about  the  middle  of  the  sixteenth  century.  Indigo  is  a  substance  which  is 
widely  .dispersed  in  the  vegetable  kingdom.  It  is  found  in  large  quantity  in  th^ 
leaves  of  several  species  of  the  anil  plants,  Indigofira,  belonging  to  the  family  of  the 
PapiUonaeecE,  Intligo  is  also  met  with  in  woad»  ItatU  tinctorui,  Xfrium  tinctoHumt 
3Iargdenia  tinctortd,  Pohjgomtm  tinctorinm,  A9clepiai  tintjens,  &c.  The  indigo  is  not 
met  with  in  the  plants  ready  formed,  but  is  generated  when  tire  freshly-pressed  juice 
of  the  plant  is  exposed  to  the  action  of  the  atmosphere. 

According  to  the  results  of  a  series  of  experiments,  it  appears  that  in  the  living 
plant  die  colourless  pigment  is  present  in  combination  with  a  base,  lime  or  an 
alkali.  Dr.  Schunck  states  that  tlie  indigo  plant  contains  a  material  wliich  he  has 
termed  indican,  which  either  by  fermentation  or  by  the  action  of  strong  adds  is 
converted  into  indigo  blue  and  a  peculiar  kind  of  sugar,  indigo  glycine,  according  to 
Ihe  following  formula ; — 

C3,H6,y,03,+4Ha04-Ci5H,aN,Q3-f6C6H,o06. 

Indican.  Indigo  blue.  Indigo  glycine. 

The  indigo  of  commerce  is  prepared  from  the  indigo  plants  in  the  East  and  West 

Flndics,  Southern  and  Central  America,  Egypt,  and  other  parts.     In  Hindostan  indigo 

I  prepared  from  the  Nf^rium  tiftctorimtK     The  follo^^iug  five  varieties  of  the  indigo 

Bt  are  more  particularly  employed  for  the  prepimition  of  this  dyo  material ;  the 

rplants   ai'e ; — Indifjofcnt   ti;ictoria,   I,  amh   I.   disptnna,    /,    pseudotinctoria,    and 

/.  artjmtea.    The  plant  requires  a  warm  climate  and  a  soil  so  situated  Ihiit  it  is  not 

liable  to  become  inundated.    When  the  plants  have  grown  to  maturity  they  arc  cut 

down  with  a  sickle  close  to  the  soil  and  transferred  to  the  factory,  where  the  indigo 

is  extracted  from  the  plant  by  the  following  process :— The  factory  is  fitted  with  large 

_  water  tanks,  filtering  apparatus,  presses,  a  cauldron,  drying-room,  and,  lastly,  witb 

f  fifteen  to  twenty  tanks  of  brickwork  laid  in  hydraulic  cement  and  phistered  inside 

with  Uie   same  materiah     Into   these  tanks  the  branches,  twigs»  and  tiio  leaves 

aro    placed,  and  water  is  run  in,  care    being    taken    to    force    the   green   plants 

down  under  the  water  by  tlie  aid  of  stout  wooden  balks  wedged  tight  against 

the    sides   of    the    tanks.      At  the    usual    higli    temperature    of   the    air   in   the 

tropical  regions  fermentation  soon  sets  in,  and  tJie  liquid  contained  in  tJie  tanks 

Ljussumes  a  bright  straw-yellow  or  golden-yellow  colour,  a  large  quantity  of  gaa  is 

(Tolved,  aud'aftcFa  lapse  ofnine  to  fourteen  hours,  the  liquid,  having  become  of  a 

ieeper  yellow  hue,  or  almost  the  colour  of  aberry  wine,  is  run  from  tlie  fermenting 

taks  into  a  very  large  tank  of  slnriJar^mstructlon,  into  which,  when  us  full  as  may 

be  judged  convenient,  a  number  of  workmen  enter,  provided  with  long  bamboo  poles, 
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and  comiticncc  stirring  the  lliiid  vigorously  for  the  purpose  of  exposing  it  as  m 
as  possible  to  the  action  of  the  air.  During  this  operation,  continued  for  some  two 
or  three  hours,  the  colour  of  the  li(|uid  gradiially  changes  to  palo  green,  and  tlie 
indigo  may  then  he  seen  suspended  in  the  bquid  in  very  smaO^ocivs;  Tlie  liquid  is 
then  left  to  stand,  and  tlie  suspended  matter  gradually  subsiding,  iljo  water  is 
gradually  niu  off  by  the  aid  of  taps  or  plugs  fitted  into  the  tank  at  diflerent 
lieights.  At  last  the  somewhat  tliick,  yet  fluid,  precipitate  of  indigo  is  run  into  a 
cauldron,  where  it  is  boiled  for  about  twenty  minutes  in  order  to  prevent  it  fermenting 
a  second  time,  for  by  this  second  fermentation  it  woti!d  be  rendered  useless.  The 
magma  is  left  in  the  cauldron  over  night  and  the  boiling  resumed  next  daj 
and  then  continued  for  three  to  foar  hours,  after  which  the  indigo  is  run  on  to  large 
filters,  consisting  first  of  a  layer  of  bamboo,  next  roat^»and  on  these  stout  canvas,  all 
placed  in  a  large  masonry  tank.  Upon  tlio  canvas  is  left  a  thick,  very  deep  blue, 
nearly  black  paste,  wliich  is  thence  taken  and  put  into  smaU  wtx)den  Ix^xes, 
perforated  with  lioles  and  lined  with  canvas  :  a  piece  of  canvas  is  put  on  the  top  of 
the  paste,  and  next  a  piece  of  plank  is  fitted  closely  into  the  box.  So  arranged,  a 
number  of  tliese  are  placed  under  a  screw-press  for  the  purpose  of  eliminating,  by  a 
graduaUy  increased  pressure,  tlie  greater  portion  of  the  water,  and  tlias  to  si>lidify  tlie 
pasty  materiaL  On  being  removed  from  these  boxes  the  cakes  of  indigo  are  trans- 
ferred to  the  drying-room,  and  there,  daylight  and  direct  sunlight  being  carefully 
excluded,  gently  dried  by  tlie  aid,  in  some  cases,  of  artificial  heat.  In  order  to 
prevent  the  cracking  of  the  cakes,  the  drying  has  to  be  effected  very  gently,  aiid  lasts 
usually  for  some  four  to  six  days.  The  dried  cakes  of  indigo  are  next  packed  in  stout 
wooden  boxes  and  then  sent  into  the  market.  The  exliaitsted  plants  are  used  for  a 
manure,  for  altliougli  the  boughs  on  being  planted  in  the  soil  would  again  grow,  they 
would  not  yield  either  in  quality  or  quantity  enough  indigo  to  pay  the  expenses  of 
culture.  looo  parts  of  fluid  from  the  fermenting  tnnks  yield  0*5  to  075  parts  of  indigo. 

Pr©p»rtJwi  0*  inJigo.  The  ludigo  met  with  in  commerce  exhibits  a  deep  blue  colour, 
dull  earthy  fracture,  and  when  rubbed  with  a  hard  substance  (tlie  better  kinds  of  indigo 
even  when  rubbed  witli  the  nail  of  tlic  thumbl.  give  a  glossy  purplish-red  streak.  In 
addition  to  a  larger  or  smaller  quantity  of  mineral  aubstances,  indigo  contains  a 
glue-like  substance,  or  indigo  glue ;  a  brown  substance,  indigo  brown ;  a  red  pigment, 
indigo  red;  and  tha^in^i^3;a^blue.  or  indigotine,  CjgHjqKsOj,  tlie  ..^eculiardyo 
material  for  wliich  the  drug  is  valiied.  The  quantity  of  indigo  blue  contiuned  inDie 
several  kinds  of  indigoo'f  commerce  varies  from  30  to  75  and  80  per  cent,  and 
averages  from  40  to  50  per  cent.  Indigo  may  be  purified  according  to  Dumaaa 
process  by  digestion  in  aniline,  whereby  the  indigo  red  and  indigo  brown  pigments  are 
dissolved  and  eliminated.  According  to  Dr.  V,  Wartber  (see  **  CEciuical  News,*' 
vol,  xxiii.,  p,  252),  Venetian  turpentine,  boiling  paraffin,  spermaceti,  stearic  acid,  and 
chloroform,  ore,  at  high  temperatures,  solvents  for  indigo  blue.  (Sec  also  *'  Chemical 
News,"  vol.  XXV.,  p,  5S,  "  On  tlie  Solubility  of  Indigo  (Indigotine)  in  Phenic  Acid/1 

Tttrtiiir  iii4teo.  The  quality  of  indigo  is  ascertained  by  its  deep  blue  colour  and  light- 
ness (see  *'  Chemical  News,"  vol.  xxiv,.  p.  313).  G,  Leuchs  found  that  in  forty-nine 
samples  of  tliis  material  the  best  contained  60*5  per  cent,  tlie  worst  24  per  cent  of 
indigotine.  the  specific  gravity  of  the  farmer  beinfjlow  and  of  the  latter  high.  Indigo 
should  float  on  water,  and  when  of  good  quality  it  should  not,  on  being  broken  to 
piecost  deposit  at  the  bottom  of  the  vessel  filled  with  water  in  which  it  istsontained 
a  sandy  or  earthy  sediment.    On  being  ignited,  indigo  aliould  leave  only  a  ooinpara* 
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tively  small  quantity  of  ash.  When  suddenly  heated,  indigo  should  give  oflf  a 
purplish-coloured  vapour,  sublimed  indigotine,  and  the  drug  should  be  perfectly 
soluble  in  fuming  sulphuric  acid,  yielding  a  deep  blue  fluid.  That  kind  of  indigo 
which  on  being  rubbed  with  a  hard  body  exhibits  a  reddish  coppery  hue  is  termed 
coppery-tingled  indigo,  indigo  cuivre.  In  order  to  test  ^ indigo  more  accurately,  a 
weighed  portion  is  dried  at  icx)^  for  the  purpose  of  ascertaining  the  quantity  of 
hygroscopic  water  contained,  which  should  not  exceed  from  3  to  7  per  cent. 
Next  tlie  dried  indigo  is  ignited  for  the  purpose  of  ascertaining  the  quantity  of  ash  it 
yields.  For  good  qualities  of  the  drug  this  amounts  to  7  to  95  per  cent.  Numerous 
methods  have  been  proposed  by  practical  dyers  as  well  as  by  scientific  men  for  the 
purpose  of  ascertaining  the  value  of  indigo ;  that  is  to  say,  the  quantity  of 
indigotine  it  contains.  Some  of  these  processes  are  either  too  tedious,  and  cause 
great  loss  of  time,  or  are  not  sufficiently  exact.  A  commercial  sample  of  indigo  may 
be  treated  first  with  water,  next  with  weak  acids,  then  with  alkaline  solutions  and 
alcohol,  and  the  ash  and  hygroscopic  water  having  been  estimated,  the  residue  of 
the  different  operations  will  be  the  indigotine,  tlie  process  being  based  upon  the 
insolubility  of  the  latter  in  the  different  solvents  used  for  the  removal  of  the  impuri- 
ties met  with  in  the  sample  under  examination.  Mittenzwei  proposes  to  reduce  the 
indigo  by  means  of  an  alkali  and  protosulphate  of  iron,  to  pour  over  the  surface  of 
the  liquid  a  layer  of  petroleum  oil  for  the  purpose  of  excluding  air,  to  take  by  the 
aid  of  a  curved  pipette  a  known  bulk  of  the  indigo-containing  fluid,  and  to  introduce 
tliis  fluid  at  once  into  a  test-jar  placed  over  mercury,  and  containing  a  known  and 
accurately  measured  bulk  of  pure  oxygen.  As  i  grm.  of  white  indigotine  (soluble) 
requires  for  its  conversion  into  blue  (insoluble)  indigotine  45  c.c.  of  oxygen,  the 
quantity  of  gas  absorbed  gives  the  quantity  of  indigotine.  This  method  yields  very 
correct  results,  but  requires  an  experienced  manipulator. 

**^aiiSiS.^**'  Take  5  grms.  of  pure  quick-lime  prepared  from  white  marble  or 
from  well-washed  oyster-shells,  put  the  quick-lime  into  a  porcelain  mortar,  and  mix 
the  lime  with  sufficient  water  to  form  a  thin  milk  of  lime ;  next  take  5  grms.  of  tlie 
sample  of  indigo  very  finely  powdered,  and  add  it  to  tlie  milk  of  lime,  mixing 
thoroughly,  and  then  pouring  the  fluid  into  a  flask  capable  of  containing  1200  c.c. 
Kinse  the  mortar  with  water  so  as  to  make  up  a  bulk  of  i  litre,  next  add  to  the 
contents  of  the  flask  10  grms.  of  crystallised  sulphate  of  ii'on,  and  immediately  after 
cork  the  flask  and  let  it  stand  for  several  hours  in  a  moderately  warm  place  or  on  a 
sand-bath,  taking  care  to  shake  the  vessel  frequentl}'.  After  tlie  liquid  has  become 
cool  and  the  sediment  deposited,  a  small  syphon  of  known  cubic  capacity  is  filled 
with  distilled  water,  and  by  the  aid  of  this  instrument  200  c.c.  of  tlie  fluid  contained 
in  the  flask  are  transferred  to  a  beaker-glass.  Some  pure  hydrochloric  acid  having 
been  added  to  the  fluid,  it  is  left  to  be  acted  upon  by  tlie  air  until  the  reduced  and 
soluble  indigotine  has  become  insoluble  and  blue-coloured.  The  precipitate  is 
collected  on  a  tared  filter,  well  washed,  dried,  and  next  weighed.  This  weight  cor- 
responds to  the  quantity  of  pure  indigo  blue  present  in  i  grm.  of  the  sample. 

Panny-B  Test.  This  tcst  is  based  upou  tho  application  of  bichromate  of  potash  and 
hydrochloric  acid.  10  parts  of  finely-pulverised  indigo  are  digested  witli  twelve  times 
its  weight  of  fuming  sulphuric  acid  at  a  temperature  not  exceeding  25^  for  a  period 
of  twelve  hours.  When  the  indigo  has  been  entirely  dissolved  tlie  fluid  is  poured 
into  I  pint  (=  0*568  litre)  of  water,  next  24  grs.  of  concentrated  hydrochloric  acid  are 
added,  and  the  fluid  is  the^  gently  heated,  after  wliich  it  is  titrated  with  a  solution 
89 
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of  bichromate  of  potash  in  water,  tJiis  solution  being  added  aa  long  as  a  drop  of  the 
iiiiid  taken  with  a  glass  rod  and  placed  on  a  piece  of  white  filtering-paper  exhibits  % 
trace  of  green  or  blue  colonring  matter.  The  operation  is  iinished  when  the  liqui 
tested  exiiibits  a  bright  brown  or  ochrey -yellow  speck  npon  tlie  filtering-paper, 
8|  parts  of  bichromate  arc  requiied  for  decolourising  lo  parts  of  pnre  indigo  bine. 
Chloride  of  iron  may  be  used  for  converting  indigo  blue  into  isatiuc.  Probably  the 
observation  made  by  Stockvis  at  Amsterdam  (i86S),  Uiat  indigo  blue  is  soluble  in 
chloroform,  might  be  rendercid  available  for  the  testing  of  indigo* 

Indigo  Did«.  This  substance,  also  known  as  Indigotinet  may  be  obtained  from  the 
indigo  of  commerce,  either  by  carefully  conducted  sublimation,  or»  as  already  stated, 
by  treating  indigo  with  lime,  protosulphate  of  iron,  and  water.  The  formula  of 
indigo  blue  is  CieHjoNa-  AVhen  indigo  blue  is,  in  the  presence  of  alkaline  substances, 
brought  into  contact  with  bodies  wliich  readily  absorb  oxygen — for  instance,  wiUi 
protosulphate  of  iron,  sulphites,  Ac. — there  is  formed,  with  simultaneous  decomposition 
of  water,  wliite  indigo  or  reduced  indigo,  CicHjaNiOa,  The  nse  of  indigo  as  a  dye 
material  is  in  great  measure  based  upon  this  reduction.  By  tlie  action  of  oxidi 
substances,  such  as  permanganic  acid,  chlorine,  chromic  acid,  a  mixture 
so-called  red  pnissiate  of  potash  iferricyunide  of  potassium j  with  potash,  soda,  oxide 
of  copper,  &c.,  indigo  bhie  is  converted  into  isatine,  CicHioNaO^.  Indigo  blue 
diBBolves  in  concentrated  sulphuric  acid,  but  becomes  thereby  radically  changed  and 
cannot  bo  brought  back  to  its  primitive  state,  forming  as  it  does  with  the  acid  a 
chemical  compound— sulphindigotic  acid,  or,  as  it  is  termed  by  dyers,  sulphate  of 
indigo.  ^VTieu  this  acid  solution  is  treated  with  carbonate  of  potash,  there  is  formed 
indigo  carmine  or  blue  carmine,  soluble  indigo,  a  deep  blue  precipitate  soluble  in 
140  parts  of  cold  water.  This  indigo-carniino  is  used  as  a  water-colour  pigment; 
while  mixed  with  some  starch  and  a  little  gum-water  it  is  formed  into  balls  or  other 
suitable  shapes  and  used  as  washing-blue,  ultramarine  being  also  employed  for  t2ie 
same  purpose. 

i,ofvood.«c«Dp<»chy.      Tliis  dye  material  is  die  wood,  freed  from  bark  and  splint,  of 
tlie  logwood  tree,  Hwnmtoxtjlon  campechianum,  a  native  of  Central  America,  and 
cultivated  in  several  of  tlic  West  Iiulian  Islands.    The  colouring  matter  contained  in 
tills  wood  is  called  hiematoxylinc,  CieHi406,  a  pale  yellow,  transparent,  aciculated 
crystalline  body.    By  itself  it  is  not  a  pigment,  but  is  a  colourable  material,  wliich 
becomes  coloured  when  brought  into  contact  with  strong  alkalies,  more  especially 
with  ammonia  nnd  the  oxygen  of  the  air.    The  solution  of  hematoxyline  in  watar  i 
quite  coluurk'ss,  but  becomes  at  once  purple-red  by  the  smallest  addition  of  amznonii 
The  colouring  nialfer  thus  fonnod  is  termed  hamalcine.  Logwood  is  used  fortJte  pur 
pose  of  dyeing  blue   and  black.     Extract  of  logwood  is  very  fioquently  prepared. 
As  Willi  other  similar  extracts,  it  should  be  made  in  vacuum  pans  witlidrawn  from  Uie 
oxidising  action  of  the  air,  because  the  luBmatoxyline  contained  in  logwood  becomes 
thereby  altered.     The  makers  of  the  extracts  of  dye*woods  invariably  use  vactmm 
apparatus, 

uitaMA.  Tliis  colouring  matter,  also  sometimes  termed  toumesol,  is  only  verf  rarely 
u«ed  as  a  dye  for  textile  fabrics,  the  colour  imparted  beinj?  very  fugiti\*c ;  but  litmus 
is  employed  to  impart  a  bluish  tinge  to  whitewash -lime,  furtlier  for  colouring  test- 
papers,  for  giving  a  red  hue  to  the  red  champagnes,  Ac,  Litmus  is  obtained  from  tUa 
seaweeds  that  yield  archil,  cudbear,  and  persio,  potasli  being  employed  with  tho 
ftinmoniacal  Hquor,    The  difference  in  the  preparaf  inn  consists  in  llie  ferm<;utaUoa 
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and  oxidation  being  carried  further,  the  result  being  that  the  red  pigment  (orcin)  is 
thereby  converted  into  a  blue-coloured  material  azplitmine : — 


Orcin,  C7H80a 
Ammonia,  NH3 
Oxygen,  4O 


[Azolitmine,  C7H7NO4 
yield   •  and 

I  Water,  2H2O. 


The  fermented  mass  is  mixed  with  gypsum  and  chalk,  moulded  into  lozenges,  dried, 
and  sent  into  commerce. 

That  known  as  litmus  on  rags,  tournesol  en  drapeaux,  is  prepared  in  the  southern 
parts  of  France  (almost  exclusively  at  Grand  Gallargues,  D6partement  du  Gard) 
from  the  juice  of  the  Croton  titictorium  in  which  coarse  linen  rags  are  repeatedly 
steeped,  and  these  having  been  submitted  to  the  action  of  the  ammonia  evolved  from 
stable  manure  or  from  lant,  become  purple- red  coloured.  Weak  acids  turn  this 
colour  to  yellow-red,  which  is  not  again  turned  to  purple-blue  by  alkalies,  the  ejBfect 
of  these  being  to  render  the  colour  somewhat  green.  The  tournesol  en  drapeaux  is 
largely  used  in  Holland  for  imparting  a  colour  to  the  crust  of  certain  kinds  of  cheese 
made  in  that  country,  the  effect  being  that  the  cheese  thus  externally  dyed  is  by  far 
less  liable  to  decay  and  to  be  attacked  by  cheese-mites.  The  pigment  is  also  used 
for  colouring  a  peculiar  kind  of  paper,  extensively  employed  for  the  covering  of 
sugar-loaves.    It  is  also  used  for  imparting  a  tinge  to  liqueurs,  sweetmeats,  &c. 

Yellow  Dyes, 

Yellow-Wood,  fmuc  Ycllow-wood  is  tlio  hard  wood  of  the  dyer's  mulberry  tree, 
botanically  termed  Moru^  tinctoria  or  Madura  aurantiaca.  It  is  imported  chiefly 
from  Cuba.  San  Domingo,  and  Hayti.  This  wood  has  a  yellow  and  in  some  parts 
yellow-red  colour,  due  to  a  colourless  crystalline  body,  morine,  CiaHsOj,  present  in 
combination  with  lime,  and  also  to  a  peculiar  kind  of  tannic  acid,  morine-tannic  acid,  also 
termed  maclurine  (formula,  CijHioOe),  both  often  met  with  deposited  in  the  wood  in 
large  quantities.  Morine  becomes  yellow  by  exposure  to  air  and  the  simultaneous 
influence  of  alkalies.  When  treated  witli  caustic  potash  maclurine  is  split  up  into 
phloroglucine  and  protocatechutic  acid.  Yellow- wood  is  employed  for  dyeing  yellow 
and  also  black,  in  consequence  of  tlie  large  quantity  of  tannic  acid  it  contains.  The 
commercial  extract  of  this  wood  is  termed  cuba  extract. 

Young  FtwUcRwiehFMUt  This  is  a  greeu-yellow  wood,  exliibiting  brown-coloured 
stripes,  and  derived  from  a  European  slirub,  the  Rhus  cotinus  of  the  botanists,  a  plant 
belonging  to  the  southern  parts  of  Europe.  Tlie  prefix  *'  young"  is  given  to  it  on 
account  of  the  smallness  of  its  branches  as  compared  with  that  of  the  yellow- wood, 
which  is  distinguished  as  old  fustic.  The  fustct  contains  a  peculiar  colouring 
matter  termed  fustine,  and  in  addition  large  quantities  of  tannic  acid.  It  would 
appear  that  fustin  yields  quercetine  by  being  split  up  in  chemical  sense. 

Aimatto,orAniotto  Is  a  ycUow-rcd  pigment,  chiefly  used  for  dyeing  silk.  It  is  met 
with  in  commerce  as  a  thick  paste  of  the  consistence  of  putty,  and  is  prepared  in 
America,  the  West  and  East  Indies,  from  the  pulp  of  the  fruit  of  the  Bixa  Orellana, 
According  to  Chevreul,  annatto  contains  two  different  pigments ;  one  of  these  exhibits 
a  yellow  colour  and  is  soluble  in  alcohol  and  water,  while  the  other,  a  red-coloured 
matter,  is  readily  soluble  in  alcohol  but  not  in  water.  Piccard  states  that  the  formula 
of  the  latter  is  C5H604.  Annatto  is  soluble  in  weak  caustic  and  carbonated  alkaline 
solutions. 
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^SipiJIilSi*'!^  ^^^  ^^^U  ^s  t^^®  fr^^^  ^^  various  kinds  of  shnibs  which  arc  known 
by  the  general  name  of  the  dver  s  buckthorn,  the  Mhamus  in/ectorius,  R.  amyg* 
dalinui,  R,  aaxatilh  of  the  botanists,  grown  in  the  Levant*  Southern  Fmnce,  and 
Hungary.  The  size  of  these  berries  varies  very  much,  two  sizes  being  chiifly  met 
with  and  distingnisbed  in  commerce,  viz.,  tlie  large  bright  olive-coloured  full*sized, 
and  the  smaller  shrivelled  deep  brown  berry*  Tlie  former  are  gathered  before  thoy 
are  quite  ripe,  while  the  others  have  been  left  after  full  maturity  for  a  considerable 
time  on  the  twigs.  These  berries  contain  a  fine  golden-yellow  pigment  named 
chiysorhamnine  and  olive-yellow  xanthorhamnine.  According  to  BoUey  the  former 
is  identical  with  quercctine.  Berries  are  nsed  in  calico-printing,  for  the  colouring  of 
paper-pulp,  and  for  the  preparation  of  lake  colours. 

Tttnoerio  lii  the  dried  root  of  the  Curcuma  longa  and  C,  rotunda^  a  plant  growing  in 
India  and  Java,  belonging  to  the  natural  order  of  the  Stitamincii.  The  root  is  met 
with  in  egg-shaped  tnbera  or  flattened  lumps,  exhibiting  a  dirty  yellow  colour.  The 
pigment  contained  is  termed  curcumine,  CsHioOa*  As  a  dye  turmeric  iB  chiefly  used 
in  silk-printing  and  dyeing,  also  for  woollen  fabrics  for  dark  and  fuH  shades  of 
colour.  Upon  cotton  it  dyes  without  mordant,  but  the  colour  is  very  fngitive. 
Turmeric  test-paper  is  nsed  for  the  detection  of  alkalies  and  boradc  acid,  by  whtcli 
it  is  turned  red-brown.  ^ 

w«iL  This  dye  material  consists  of  the  dried  herb  and  stems  of  a  plant  botanically 
known  as  Reseda  luteolu.,  a  native  of  tlie  souUiem  parts  of  Europe  and  frequently 
cultivated  for  the  use  of  dyera.  French  weld  is  considered  the  best.  The  pigment 
it  contains  is  known  as  luteoliue. 

QQeseiiiva  v«rtt.  This  dye  material,  as  its  name  indieateSf  'is  the  inner  bark  of  the 
black  oak,  Querctts  tmctoria.  It  is  a  native  tree  of  North  America,  and  the  drug  is 
imported  in  the  state  of  powder.  The  colour  of  Uiis  substance  is  bright  yellow,  and 
it  contains  tannic  acid  in  addition  to  a  yellow  pigment,  qucrcitrine,  CjjH^oOiy. 
When  qucrcitrine  is  treated  witli  dilute  acids  it  is  split  up,  yielding  queroctine, 
C47HiaOiat  a  lemon-yellow  powder  met  with  in  commerce  under  Uie  niime  of  fiavine. 
According  to  Hlasiwetz's  opinioo,  quercetine  contains  the  complex  of  morine.  Owing 
to  the  br-auty  of  the  colour  it  yields,  quercitron  bark  is,  with  picric  acid,  the  chief 
yellow  dye  of  Uie  present  day,  j\jnong  the  more  or  less  important  yellow  dyes,  we 
mention ; — Saw-wort,  Serratula  tinctaria ;  dyer's  brown,  or  greenwood,  Oenitta 
ttnctoria  :  the  wongshy,  Chinese  annatto,  or  yellow  podB,  tlte  seed  capsules  of  the 
fruit  of  Gardenia  flomla,  a  plant  belonging  to  the  family  of  the  Rahxacees ;  purrhee, 
or  Indian  yellow,  Jaum  Indien,  a  dye  luatorial  imporU.d  from  In<lia,  Uie  origin  of 
which  is  not  kno\^n  lit  is  tlie  magnesia  salt  of  purreie  or  euxanthic  acid,  and  is 
staled  to  be  obtained  from  tlie  ui'ine  of  camels) ;  Morinda  yellow,  from  tlic  Jdorimfa 
vUrifolia.  Since  the  tar-colour  industry  has  sprung  up,  picric  acid  isce  p,  580)  ia 
frequently  used  as  a  yellow  dye,  and  mixed  with  eitlier  indigo  or  anihne  blue,  aa  a 
green  dye  for  silk  and  woollen  fabrics.  In  order  fully  to  exhaust  the  picric  acid 
dye-beck,  some  sulphuric  acid  should  be  added  to  it.  More  recently  the  so-calle 
Manchester  yellow  (see  p.  582)  is  frequently  employed  instead  of  picric  acid. 
Utter  is  not  used  upon  cotton. 

^^ffl^ik  SJSi."^      Brown  dyes,  aniline  brown  excepted,  are  mixtures  of  red,  ycUow^ 
and  blue,  or  of  yellow  or  red  with  black.      Frequently  a  brown  is  dyed  by  the  ua«  of 
oxidisiDg  ageuta  with  tannin *containing  pigmenta,  such  as  billow,  oak,  or  walnut 
barks  with  cutch,  the  extract  of  tbe  wood  of  the  Jrccn  and  AcacU  caUchu,  kc.     The 
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latter  is  technically  termed  chemick  brown.  Manganese,  or  bister  brown,  is  obtained 
from  the  hydrated  oxide  of  manganese.  Black  is  obtained  from  tannate  or  gallate  of 
protoperoxido  of  iron  or  from  logwood  decoction  and  chromate  of  potash*  or  from 
aniline  black  (see  p.  579).  Green  is  produced  by  mixing  yellow  and  blue,  or  by  the 
use  of  the  Chinese  green  Lo-kao,  obtained  from  Ehamnus  chlorophorus  and  R.  utilis  ; 
or  by  the  use  of  sap-green  from  the  berries  of  the  Rhamnus  catharticus ;  finally, 
aniline  green  (aldehyde  green  and  iodine  green,  see  p.  578)  is  used,  and  yields  a  most 
beautiful  dye. 

Bleaching. 

BieMhinf.  The  operation  of  bleaching  aims  at  more  or  less  perfectly  whitening 
or  decolourising  tlie  yams  spun  from  flax,  hemp,  jute,  cotton,  or  of  the  textile 
ftibrics  woTcn  from  the  same.  Vegetable  fibre  resists  the  action  of  most  chemical 
agents  in  use  in  the  bleaching,  while  the  foreign  or  incrustating  or  colouring  matters, 
occurring  chiefly  on  the  surface  of  the  fibre,  are  rendered  soluble  or  completely 
destroyed.  The  bleaching  of  the  fabrics  and  fibres  which,  such  as  linen  or  cotton 
tissues,  consist  mainly  of  cellulose,  is  based  on  this  principle.  The  method  of 
bleaching  wool  and  silk  differs  from  that  of  the  vegetable  fibres,  inasmuch  as 
the  chemicals  used  for  the  latter  would  exert  upon  the  former  a  solvent  action,  not 
only  as  regards  the  impurities,  but  the  substance  itself. 

In  the  operation  of  bleaching,  partly  chemical  and  partly  mechanical  means 
are  employed.  On  the  large  scale,  setting  aside  all  theoretical  considerations  which 
do  not  fall  within  the  scope  of  this  work,  tlie  operation  of  bleaching  cotton  fabrics 
consists  of  the  following  operations : — 

1.  Singeing,  followed  by  "  rot  steep"  or  "  wetting-out  steep." 

2.  Liming — boiling  with  milk  of  lime  and  water  for  12  to  16  hours. 

3.  Washing  out  the  lime  and  passing  in  hydrochloric  acid  "  sours  *'  or  weak  vitrioL 

4.  Bowking  in  soda-ash  and  prepared  resin,  10  to  16  hours. 

5.  Washing  out  the  bowk, 

•  Ordinary  black  ink  which,  if  really  made  with  galls,  consists  essentially  of  gallate  of 
protoperoxide  of  iron  kept  in  suspension  in  water  by  the  aid  of  gum  arabic,  is  indeed  a 
dye  liquor.  A  very  good  black  ink  may  be  made  as  follows : — i  kilo,  of  coarsely  pulverised 
nut  galls  and  150  grms.  of  logwood  chips  are  exhausted  with  5  litres  of  hot  water; 
,  600  grms.  of  gum  arabic  are  dissolved  in  2  J  litres  of  water ;  and  500  grms.  of  sulphate  of 
iron  in  some  litres  of  water ;  each  of  these  solutions  being  made  separately.  This  done  the 
gall-logwood  infusion  is  mixed  with  those  of  the  gum  tod  copperas;  a  few  drops  of 
essential  oil  of  cloves  or  of  gaultheria  (winter  green  oil)  having  been  added,  there  is  added 
as  much  water  as  will  bring  the  bulk  of  the  Uquid  up  to  11  Utres.  While  this  kind  of  ink 
attacks  and  corrodes  steel  pens,  it  has  the  additional  disadvantage  that  after  a  time  the 
writing  becomes  yellow.  In  1848  Bunge  called  attention  to  an  ink  originally  invented  by 
Leykauf  at  Nurenberg,  and  improved  upon  by  C.  Erdmann  at  Leipzig  and  sold  by  him. 
This  ink  is  made  up  of  1000  parts  of  a  logwood  decoction  (i  part  of  wood  to  8  parts  of 
water)  and  i  part  of  yellow  chromate  of  potash,  some  bichloride  of  mercury  being  added 
for  the  purpose  of  preventing  the  formation  of  mould.  This  ink  is  cheap  and  very  per- 
manent ;  the  colouring  principle  is  a  combination  of  haemateino  and  oxide  of  chromium. 
Leouhard's  so-called  alizarine  ink  is  made  by  exhausting  with  water,  so  that  120  parts  of 
fluid  are  obtained  from  42  parts  of  galls  and  3  of  madder.  To  this  mixture  is  added 
1*2  parts  of  sulphindigotio  acid,  5*2  parts  of  green  copperas,  and  2  parts  of  pyrolignite  of 
iron  solution.  Bouen's  blue  ink,  frequently  used  in  France,  consists  of  a  decoction  of 
750  grms.  of  logwood,  35  grms.  of  alum,  31  grms.  of  gum  arabic  in  5  to  6  litres  of  water. 
I'or  an  excellent  extemporaneous  ink,  see  "  Chemical  News,'*  vol.  xxv.,  p.  45.  Copying 
inks  are  only  more  concentrated  ordinary  inks,  to  which  more  gum  and  sugar  are  added. 
Marking  ink  for  linen  is  a  solution  of  silver  (see  p.  103),  or  aniline  black  produced  on  the 
woven  fabric  (see  p.  579). 
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6,  Passing  through  a  solution  of  ckloride  of  lime  (hypochlorite  of  lime 

7,  Passiug  through  weak  hydrochloric  acid. 

8,  Wasliingt  squeezing,  and  drying. 

The  singeing  is  not  a  part  of  tho  bleaching  process  properly  considered;  il 
purpose  is  to  remove  the  loosely  adhering  filnmeuts,  and  improve  the  appearance  of 
the  eloUi  if  required  for  printing. 

The  **  rot  steep  '*  (so-called  because  the  flour  or  size  with  which  the  goods  were 
impregotit<?d  was  formerly  allowed  to  enter  into  fermeulation  and  putrefaction^ 
is  intended  to  thoroughly  saturate  the  clatli.  The  liming  takes  place  in  kicrs 
or  kettles  capable  of  holding  from  500  to  1500  pieces  of  cloth.  Tlie  lime  is  very 
carefuUy  &laked  and  brought  to  a  smooth  milk  of  lime,  being  sifted  so  that  00 
small  lumps  of  quick-lime  shall  get  into  the  kier.  The  lime  is  equally  distributed 
upon  ihe  cloth  a:J  it  enters  the  kier.  Tlie  cloUi  is  pressed  into  the  liquor  and 
the  boiling  commenced  and  continuod  for  a  period  of  12  to  16  hours.  At  the  end  of 
that  time  the  liquor  is  run  off  and  clear  water  run  in  to  cool  the  pieces  of  eloUt, 
which  are  then  taken  out  and  washed.  The  utility  of  the  liming  consists  in  its 
action  upon  the  greasy  matters,  forming  with  them  a  kind  of  insoluble  soap,  which  is 
easily  removed  by  the  subsequent  processes.  The  souring  aft^r  liming  removes  all 
excess  of  lime  and  breaks  up  the  insoluble  lime-soap,  leaving  the  greasy  matters  upon 
the  cloth»  but  in  such  an  altered  statp  as  to  he  easily  dissolved  inthebowking  which 
follows.  Hydrochloric  acid  is  sometimes  used  in  this  souring,  but  more  commonly 
dilute  sulphuric  acid  is  employed.  The  bowklng  or  boiling  with  alkali  and  soap  has 
for  its  object  the  removal  of  the  greasy  matters ;  it  dissolves  them,  -and  all  the  dirt 
held  by  them  now  comes  out  of  the  cloth,  leaving  llie  cotton  nearly  pure.  The  alkali 
used  in  this  process  is  soda-ash.  The  soap  is  made  from  resin  and  called  prepared 
resin.  Tiic  last  process  is  tliftt  of  passing  tJio  goods  tlirough  a  clear  solution  of 
bleaching-powder  for  the  purpose  of  destroying  tljo  slight  tinge  of  colour  of  a  huff 
or  cream  shade  still  adhering  to  tlie  cotton.  The  solution  of  bleachjng-powder 
is  yexy  weak,  so  that  probably  a  piece  of  calico  of  the  ordinary  size  does  not  take  up 
more  th&n  the  soluble  matter  from  |  of  an  ounce  of  bleacliing-powder.  The  goodfl^^l 
mte  allowed  to  renmin  some  time  in  soaking  vnLli  tlie  chloride  of  lime  Bolutioii|^^| 
and  arc  next  passed  through  sours  for  the  final  operation.  The  dilute  hydrochloric 
acid  has  the  clfect  of  setting  tlie  chlorine  free  from  the  bleaching-powder  and  thus 
completing  the  destruction  of  tlie  colour.  At  tlie  same  lime  it  removes  the  lime  and 
Mkewi.se  any  traces  of  iron  (iron  moulds)  that  may  exist  in  the  cloth.  Linen  is  not 
flo  easily  bleached  as  cotton,  and  it  appears  to  suffer  con&idenxbly  by  boiling  witli 
lime  and  by  contact  witli  bleaching-powder.  It  is,  therefore,  generally  bleached  by 
continual  boilings  ^^th  ulkiili  and  a  few  souriugs  with  bleaching- powder;  or  as  lime 
is  injurious,  the  h\TJoclil«:)ritt)S  of  potash  or  soda  are  substituted.  WouUen  goods  or 
yams  are  bleached  by  treating  them  %vith  very  mUd  alkaline  liquors,  which  remoVis 
the  fatty  matters,  lant  and  soap  with  soda  crystals  beiog  the  substances  usually 
employed.  Sulphurous  acid  ga*— or,  as  it  is  termed  in  the  trade,  vapour  of  burning 
brimstone— is  used  to  finish  wool,  giving  it  whiteness  and  lustre.  The  following  ia 
an  outline  of  the  process  as  described  by  Persoz  for  bleaching  woollen  goods;  il 
IB  for  40  pieces  each  50  yards  long: — i.  Passed  three  limes  through  a  solution  of 
^5  lbs.  of  carbonate  of  soda  and  7  lbs.  of  soap  at  a  temperature  of  loo**  F.  j  add  |  lb. 
of  soap  after  every  four  pieces.  2.  Wash  twice  in  warm  water.  3.  Passed  three 
times  tlirough  a  solution  of  25  lbs.  of  carbonate  of  soda  at  120^  F*,  and  add  |  lb.  of 
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soap  again  after  every  four  pieces.  4.  Sulphured  in  a  room  for  twelve  hours,  using 
^5  lbs.  of  sulphur  for  the  forty  pieces.  5.  Passed  tliree  times  through  a  solution  of  soda, 
as  in  No.  3.  6.  Sulphured  again,  as  in  No.  4.  7.  Soda  liquor  again,  as  in  No.  3. 
8.  Washed  twice  tlirough  warm  water.  9.  Sulphured  a  third  time  as  in  No.  4. 
10.  Washed  twice  in  warm  and  then  in  cold  water.  11.  Blued  with  extract  of 
indigo  (indigo-carmine)  according  to  taste. 
Bleaching  of  Silk.  The  Operation  of  bleaching  silk  is  always  preceded  by  removing 
(decorticating,  degumming)  the  gummy  substance  attached  to  and  externally 
covering  the  fibre.  This  is  effected  by  boiling  the  raw  silk  in  soap  and  water. 
For  the  purpose  of  bleaching  silk  nothing  but  water,  soap,  and  sulphur  (for  making 
sulphurous  acid)  are  used.  Occasionally  some  soda  crystals  are  employed  to 
save  soap  but  as  alkalies  injure,  and  if  incautiously  used  destroy,  the  fibre,  they 
must  be  employed  with  extreme  care.  Bran  is  sometimes  used  with  soap  in  order  to 
neutralise  any  excess  of  alkali  (bran  contains,  or  rather  develops,  when  it  becomes 
wet,  lactic  acid).  The  process  is  terminated  by  passing  in  an  extremely  diluted 
sour  (solution  of  sulphuric  acid  in  water)  so  weak  as  scarcely  to  be  acid  to  the  taste. 
Sulphuring  is  only  required  for  silks  intended  to  be  left  eitlier  white  or  to  be  dyed  or 
printed  with  bright  and  light  colours.  This  operation  requires  great  care  und  should 
be  seldom  resorted  to. 

Tliis  is  an  outline  of  the  process  of  bleaching  as  carried  on  in  practice  on  the 
largo  scale  in  this  as  well  as  in  other  countries.  The  theoretical  consideration  of 
tlie  mode  of  action  of  the  substances  employed  belongs  to  theoretical  chemistry,  and 
is  treated  under  the  heads  of  Chlorine,  Sulphurous  Acid,  Oxidising  Substances,  &c. ; 
and  as  far  as  the  textile  fibres  are  concerned,  under  Cellulose  for  flax,  hemp,  jute, 
cotton,  and  the  Animal  Fibres  for  wool  and  silk.  The  meadow  bleaching  of  cotton 
and  linen  fabrics  is  still  resorted  to  in  some  extent,  but  only  in  connection  with  the 
processes  already  referred  to.  None  of  tlie  novelties  proposed  for  bleaching 
purposes — among  these,  for  instance,  tlie  use  of  permanganate  of  potash  (Tessi6  du 
Motay's  process)  as  a  bleaching  agent — have  been  found  by  practical  bleachers  of 
great  experience  to  be  either  better,  more  manageable,  or  cheaper  than  the  methods 
sanctioned  by  lengthy  experience  and  daily  use. 

Dyeing  of  Spun  Yarn  and  Woven  Textile  Fabrics. 
Dyeing.  Just  as  animal  charcoal  and  arable  soil  are  possessed  of  the  property 
to  assimilate  in  their  pores  colouring  matter  and  some  inorganic  substances  without 
the  latter  being  altered,  so  also  do  animal  and  vegetable  fibres  possess  the  property 
of  absorbing  from  solutions,  and  fixing  in  a  more  or  less  insoluble  condition,  dyes 
and  some  of  the  constituents  of  mordants.  This  combination,  or  more  correctly 
union,  is  often  so  loose  tliat  it  is  readily  broken  up  by  repeated  treatment  witli 
solvents  (viz.  simply  washing  witli  water  or  soapsuds),  especially  if  aided  by  heat. 
Thus,  for  instance,  a  textile  fibre  dyed  (rather  tinged,  for  dyeing  implies  fixity)  witli 
sulphindigotic  acid,  or  a  solution  of  Berlin  blue  in  oxalic  acid,  may  be  decolourised 
again  by  repeated  washing  in  water.  A  fibre  can  only  be  called  dyed  in  the  strict 
sense  when  the  dissolved  dye  material  has  been  united  in  insoluble  condition  witli 
the  fibre,  for  which  purpose  often  the  intervention  of  a  tliird  substance,  viz.,  a 
mordunt,  is  required,  the, union  thus  formed  resisting  the  action  of  solvents,  that  is 
iQ  gay — repeated  washing  with  warm  water  and  soap.  The  colour  thus  produced  is 
termed  fast,  and  resists  the  action  of  light,  air,  soap -water,  weak  alkaline  solutions, 
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And  weak  acids.  A  dye  which  dGcs  not  resist  these  agents  is  termed  fugitive. 
Dyeing  is  partly  Lascd  on  clit*mical  principlea,  but  as  regards  the  taking  up  or  fixing 
of  the  dye  by  the  fibre » it  would  appear  to  be  only  a  physical  attraction,  capillarity,  • 
as  tliere  does  not  exist  between  a  certain  quantity  of  iibre  and  of  dye  an  atomititic 
relation.  Moreover,  neither  fibre  nor  dye  haTO  lost,  after  futation  has  taken  place, 
their  characteristic  properties. 

The  insoluble  condition  of  the  union  between  fibre  and  dye  may  be  obtained 
in  various  ways,  viz, — i.  By  removal  of  tlie  solvent,  as,  for  instance,  oxide  of  copper 
dissolved  in  ammonia  may  be  fixed  on  the  fibre  by  simply  evaporating  the  latter 
fluid ;  chromate  of  zinc  dissolved  in  ammonia  may  bc5  fixed  in  tlie  same  manner.  The 
precipilation  of  carthamiue  from  its  alkaline  solution  by  the  aid  of  an  acid,  and  the 
precipitatiou  of  Bome  of  the  tar  colours  from  their  alcoholic  solutions  belong  to  tlie 
same  category.  The  insoluble  condition  can  be  produced  by — z,  Osddation,  the  pre- 
viously soluble  dye  beiug  rendered  insoluble  by  taking  up  oxygen  (ageing  process). 

The  ferrous  and  manganous  sulphates  becoming  converted  by  oxidation  into 
insoluble  hydrated  oxides;  and  further,  tliose  dyes  of  vegetabh^  origin  which, 
in  addition  to  tannic  acid,  also  contain  a  peculiar  dye  material,  such  as  quercitron, 
sumac,  yellow-wood,  fustet,  &c.,  belong  to  tliis  category*  When  any  textile  Jabric  is 
impregtiated  with  an  aqueous  or  alkaline  infusion  of  these  substances,  and  then  age 
or  etoved  (teehuical  terms  lor  exposure  to  action  of  air  in  what  are  termed  ageilig- 
rooms),  the  dye  material  becomes  brown,  and  is  tlien  no  longer  soluble  in  water.  This 
is  more  rapidly  effected  by  treating  the  textile  fabrics,  previously  impregnated  with 
the  solutions  of  the  drugs,  with  oxidising  substances^ — lor  instance,  chromic  acid  ot 
bichromate  of  i>otash.  Another  instance  of  this  kind  is  the  process  of  dyeing  black 
with  logwood  and  chromate  of  i)otash,  whereby  the  luematoxyline  of  tlio  woo 
is  oxidised,  and  the  chromic  acid  reduced  to  chromic  oxide.  To  some  uxtent 
the  dyeing  blue  with  indigo  in  Uio  vat  (blue  vat),  to  be  n\ore  fully  described  pre- 
Bently,  belongs  to  Ihe  same  category ;  but  in  this  case  the  production  of  the  colour  is 
due  to  the  gradual  absorption  of  oxygen,  while  simultaneously  hydrogen  is  evolved 
from  the  white  indigo,  ihe  hydogen  combining  with  oxygen  and  fonning  water.  The 
formation  of  aniline  black  upon  tissues  by  the  aid  of  ozone- forming  subet 
\cldorate  of  potash,  ferricyanide  of  ammonium,  chromate  of  copper,  freslily  precip 
tated  sulphide  of  copper)  belongs  to  this  class.  In  many  cases  ttie  insoluble  condi- 
tion (j)  is  obtained  hy  double  decomposition ;  as,  for  instance,  blue  is  produced  by 
hydroferrocyanic  acid  and  oxide  of  iron ;  green  by  arsenite  and  sulphate  of  copper  ; 
yellow  by  chromate  of  polaah  and  a  soluble  lead  salt.  This  mode  of  fixation  of  pig-J 
ments  is  only  employed  with  mineral  colours.  The  most  important  and  mo 
ordinary  mctliod  of  fixing  dyes  is  (4)  b}'  the  aid  of  mordants.  We  understand  by  a 
murdant,  a  solution  of  some  substance  whieh,  not  being  itself  a  dye,  has  an  a£&nity  as 
well  for  the  fibre  as  for  the  dye  material,  and  is  thereby  capable  of  efifecting  the 
fixation  of  Uie  latter  to  the  fibre. 

The  more  important  mordants  are : — Alum ;  sulphatei  acetate  and  hyposulphite  ol 
alumina;  iduminate  of  soda;  and  acetate  of  iron;  according  to  Reimonn  [1^ 
tunorphous  silica  may  bo  used  for  fixing  several  dye  maU'rials ;  tin  mordants ; 
substances,  Gallipoli  oil,  in  Turkey-red  dyeing;  tannic  acid,  for  madder  colours; 
c  >t  hineal  colours  ;  aniUne  dyes  on  cotton  and  linen  fabrics ;  albumen,  dried  wliito  of 
«gg*  gluten,  caseine,  and  fatty  oils  (linseed  oil  also  sometimes).  The  fabrica  to 
be  dyed  are  impregnated  with  the  mordants,  winch  are  next  fixed,  an  op 
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differing  according  to  the  nature  of  the  mordant  as  well  as  the  specific  dye  it  is 
required  for ;  but  in  general  terms,  ageing,  dung-bath,  bran-bath,  and  soaping,  are 
employed,  after  which  the  woven  fabric  is  placed  in  the  dye  solution  contained  in  the 
dye-beck.  Most  of  the  dyes  of  organic  origin  can  bo  fixed  only  by  the  aid  of  mordants. 
Bancroft  considers  dyes  as  substantive  and  adjective.  By  the  former  is  under- 
stood those  which  without  the  aid  of  a  mordant  become  fixed  upon  the  textile  fibres 
in  an  insoluble  condition:  to  these  belong  all  mineral  pigments;  and  among 
the  vegetable  colouring  substances — indigo,  turmeric,  annatto,  safflower,  also  most  of 
the  tar-colours,  although,  as  already  mentioned,  tannic  acid  is  used  for  fixing 
fuchsin  and  similar  tar-colours.  By  adjective  colours  or  dyes  is  understood 
such  as  require  an  intermediate  substance  (a  mordant  in  fact)  to  become  fixed  upon 
the  fibre  in  an  insoluble  condition.    These  intermediate  substances  are  termed  mor- 

ifonunto.  dants ;  they  not  only  serve  for  fixing  the  dye  to  tlie  textile  fibres,  but  also 
produce  in  the  mordanted  goods  such  an  alteration  that  the  parts  of  the  tissue  where 
the  composition  is  applied  appear  white  when  the  goods  are  taken  from  the  dye- 
beck.  The  substances  wliich  produce  this  efiect  are  technically  termed  dischargers, 
or  discharge  compositions ;  among  them  are  phosphoric,  tartaric,  oxalic,  arsenious 
acids,  &c. ;  but  in  practice  the  goods  ore  first  uniformly  dyed,  and  tlic  discharge  then 
applied  so  as  to  £UJt  only  where  it  is  desired  to  exliibit  a  pattern.  Wliat  are  termed 
resists  are  not  mordants,  but  only  compositions  applied  to  tlie  woven  fabric  at 
certain  parts  where  it  is  desired  tliat  no  deposition  of  colour  or  mordant  shall  take 
place.  Mordants  may  modify  tlie  original  colour  that  a  dye  yields ;  as,  for  instance, 
I  with  alumina  compounds  madder  yields  red,  pink,  and  scarlet ;  with  salts  of  iron, 
according  to  the  degree  of  concentration,  lilac,  purple,  black ;  and  brown  with  cer- 
tain salts  of  copper.  For  the  purpose  of  clearing  and  brightening  (avivage)^  tlie 
dyed  or  printed  goods  are  passed  through  solutions  of  either  dilute  acids,  weak 
or  strong  allcalies,  soap-suds,  bran-bath,  solutions  of  bleaching-powder,  or  also 
of  some  other  dye  material. 

Dyeing  Woollen  Fabrics.  Wool  is  somctimes  dyed  in  tlio  flock  or  fleece,  that  is  to  say, 
when  not  spun ;  sometimes  in  yam  or  worsted  and  as  a  finished  woven  fabric  (cloth, 
broadcloth,  &c.).  As  tliere  is  always  some  refuse  wool  in  the  operations  of  weaving, 
fulling,  and  dressing  tlie  woollen  tissues,  it  is  advantageous  to  dye  wool  in  the  condi 
tion  of  spun  yam.  When  the  dye  intended  to  be  applied  to  wool  is  fast,  the  textile 
fibre  is  first  mordanted.  For  tliis  purpose  tlie  woollen  fibre  is  treated  with  a  solution 
of  alum  and  cream  of  tartar  (bitartrato  of  potash) ;  or  witli  the  latter  salt  and  tin-salt 
(chloride  of  tin) ;  or,  again,  cream  of  tartar  and  green  vitriol ;  for  certain  colours, 
chloride  of  tin  and  pink  salt  (sec  p.  75  )  are  used. 

Dydng  Wool  Biae.  The  imparting  of  a  blue  colour  to  wool  is  one  of  tlie  most 
important  operations  of  dyeing  woollen  goods.  It  is  frequently  effected  witli  indigo, 
which  produces  the  most  beautiful  and  fast  colours ;  but  indigo  is  used  only  for  the 
better  and  heavier  kinds  of  woollen  fabrics ;  lighter  tissues — merinos  for  instance — 
are  often  dyed  with  Prussian  blue  (not  a  fast  colour),  while  common  woollen  goods. 
Hannels,  &c.,  if  dyed  blue  at  all,  are  dyed  with  logwood  and  blue  vitriol  (sulphate  of 
copper).  Ill  order  to  ascertain  whetlier  a  woollen  tissue  has  been  dyed  witli  indigo, 
I'russian  blue,  or  copper  salts,  tlie  following  tests  may  be  employed.  Woollen 
tissue  dyed  witli  indigo  does  not  change  its  colour  by  being  boiled  with  caustic 
potash,  or  by  being  moistened  with  concentrated  sulphuric  acid.  Wlien  Prussian  blue 
is  the  dye  used,  the  tissue  becoices  red-coloured  by  being  boiled  witli  caustic  potash, 
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and  becomes  dificoloured  by  bemg  moistened  with  strong  sulphuric  ftcia.     Wool] 
goods  dyed  with  logwood  aiid  copper  sah-s  are  reddened  hy  belDg  moistcDed  wit 
dilulo  suiphuric  acid,  nnd  on  being  incinerated,  the  tisauo  leAves  an  ash  contniQi 
copper, 

iiMiiffoBiM.  Woollen  goods  are  most  frequently  dyed  blue  with  indigo  by  means  of  a 
solution  of  white  indigo  (reduced  indigo)  in  an  alkaline  fluid,  the  goods  being  blaed 
by  exposure  to  air — that  is  to  say,  by  theoxidotiou  of  the  indigo  taken  up  by  the  fibre, 
the  dje  becoming  simultaneoasly  fixed.  The  principle  of  this  mode  of  dyeing  with 
indigo  (technically  known  as  blue  vat), may  be  elucidated  by  the  following  formula: — 
C,6H„N,0a+0  =  CeHioNaO^+HaO. 

rinoviiti.  The  greatest  consumption  of  indigo  is  in  fomiing  the  blue  vats»  in  which 
woollen  or  cotton  goods,  more  rarely  linen,  are  dyed  by  simply  immersing  them  in 
the  solution  of  wiiite  indigo.  The  same  vats  are  not  equally  adapted  for  wool 
and  calico,  there  being,  as  will  be  seen  in  the  following  details,  a  wide  diflerence  in 
tlieir  composition.  According  to  the  general  accounts,  the  lime  and  copperas  vat 
(see  below)  is  not  well  adapted  for  wooUen  goods ;  still  in  the  moat  reoentlj 
pnblisljcd  Frencii  treatise  on  woollen  dyeing,  there  is  no  mention  nmdn  of  anj 
other  kind  of  vat  i  tlie  following  proportions  and  directions  being  given  for  setting 
a  vat  for  dark  blue: — 1200  galloiis  of  water;  34  lbs.  of  quick-lime;  22  lbs. 
of  green  copperas;  12  Iba.  of  ground  indigo;  4  quarts  of  caustic  potash  solution 
34°  =  sp.  gr.  i'283.  The  indigo  is  ground  very  fine  by  trituration  in  properly^ 
constructed  mills,  tliis  being  a  point  of  the  utmost  importance.  In  the  above  recipe 
the  potash  is  mixed  with  5  gaUons  of  water  in  an  iron  pan,  and  the  indigo  added. 
The  mixture  is  gradually  heated  to  ebullition  and  kept  boiling  far  two  hours 
with  uninterrupted  stirring ;  Uiis  softens  and  prepares  the  indigo  for  dissolving-  The 
lime  is  well  slaked  so  as  to  be  very^ne»  and  is  next  passed  through  a  sieve  in  tlie  ^ 
state  of  milk  of  lime.  It  is  then  mixed  vri\li  the  indigo  and  potash ;  the  copper 
Iprotosulphate  of  iron),  previously  dissolved,  is  added  to  the  vat  and  well  stirred;^ 
then  the  mixture  of  lime,  potash,  and  indigo  is  poured  in,  and  the  whole  well  stirred 
for  half  an  hour.  If  the  proportions  are  well  kept,  Uie  vat  will  be  fit  for  working 
in  twelve  hours ;  if,  however,  it  looks  blue  under  the  scum,  it  is  a  sign  Hmt  tlie 
indigo  is  not  wholly  dissolved,  and  more  lime  and  copperas  should  be  added,  and  th 
vat  left  undisturbed  for  anoUicr  twelve  hours.  The  vat  is  worked  at  a  temperaturtrl 
of  70**  to  80""  F.  This  is  the  ordinary  composition  of  a  vat  for  dyeing  cotton,  but  is 
not,  at  least  in  England,  in  use  for  dyeing  woollen  goods. 

The  usual  blue  vats  for  wool  contain  neitlier  copperas  nor  lime,  or  but  a  sma 
quantity  of  the  latter ;  as,  for  instance — Water,  500  gallons ;  indigo,  20  Ibg, 
potash  (carbonate,  pearl-ash),  30  lbs.  j  bran«  9  lbs. ;  madder,  g  lbs.  Tho  water 
is  heated  to  just  below  its  builing-point ;  the  potash,  bran,  and  mtiddcr  arc  first  put 
into  the  vat,  a  well-nmde  wooden  tub  of  convenient  size,  and  then  the  indigo 
previously  very  finely  ground.  Cold  water  is  added  so  as  to  reduo€  iJie  tempcraturo 
to  go*^  F*,  and  tliat  temperature  is  maintained  constanrly  by  means  of  a  steam  pipe. 
The  ingredients  are  well  sUrrcd  every  twelve  hours.  Tlic  vat  is  generally  ready  for 
use  in  forty-eight  hours  after  setting.  Tins  vat  does  not  work  longer  tbati  about 
a  montli,  and  is  somewhat  expensive  on  account  of  the  jK)tash»  Auotlier — tlio 
so-called  German — vat  is  much  more  manageable,  and  may  bo  worked  for  two 
years  without  emptying,  being  freshened  up  hs  requii-ed.  It  is  composed  of  the  fd- 
lowing  ingredients :— 2000  gaUons  of  water  are  heated  to  130'  F.,  imd  there  aro  addod 
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20  lbs.  of  crystals  of  soda  (common  carbonate) ;  24  pecks  of  bran;  and  13  lbs. 
of  indigo ;  the  mixture  being  well  stirred.  In  twelve  hours  fermentation  sets  in ; 
bubbles  of  gas  rise;  the  liquid  has  a  sweet  smell,  and  has  assumed  a  green 
colour.  2  lbs.  of  slaked  lime  are  now  added  and  well  stirred,  the  vat  is  again  heated 
and  covered  up  for  twelve  hours,  when  a  similar  quantity  of  bran,  indigo,  and  soda, 
with  some  lime,  are  added.  In  about  forty-eight  hours  Uie  vat  may  be  worked ;  but 
as  the  reducing  powers  of  the  bran  are  somewhat  feeble,  an  addition  of  6  pounds  of 
molasses  is  made.  If  tjie  fermentation  becomes  too  active,  it  is  repressed  by 
the  addition  of  lime ;  if  too  sluggish,  it  is  stimulated  by  the  addition  of  bran  and 
molasses.  Like  all  the  other  blue  vats  for  wool  it  is  worked  hot.  Another  kind  of 
vat  may  bo  called  the  woad  vat,  because  a  considerable  quantity  of  woad  is  added  to 
it,  and  also  madder,  which  in  this  case  acts  simply  by  reason  of  tlie  saccharine 
matter  it  contains.  The  proportions  are : — Pulverised  indigo,  i  lb. ;  madder,  4  lbs. ; 
slaked  lime,  7  lbs.,  boiled  together  with  water  and  poured  upon  the  woad  in  the  vat. 
After  a  few  hours  fermentation  sets  in,  and  fresh  indigo  is  added  according  to  the 
depth  of  colour  required  to  be  dyed.  The  pastel  vat  is  set  with  a  variety  of  woad 
which  grows  in  France,  and  which  is  richer  in  colouring  matter  than  the  common 
woad.  It  is  possible  that  the  colouring  matter  of  the  pastel  adds  to  the  effect ;  but  it 
is  more  likely  that  while  it  furnishes  fermentescible  matters  useful  in  promoting  the 
solution  of  indigo,  it  is  added  as  a  remnant  of  ancient  usage.  Before  indigo  became 
again  known  in  Europe  (the  dye  was  known  to  the  Greeks  and  Romans),  in  the  17th 
century,  woad  was  the  general  blue  dye  material.  The  method  of  dyeing  the  woollen 
fibre  and  fabrics  is  very  simple.  The  wool,  thoroughly  wetted  out,  is  suspended  on 
frames,  and  dipped  in  the  vat  for  an  hour  and  a  half  or  two  hours,  being  agitated  all 
the  time  to  insure  regularity  of  colouring.  The  pieces  are  then  removed,  washed 
in  water,  and  treated  with  weak  hydrocliloric  or  sulphuric  acids  to  remove  the  alkali 
retained.  As  regards  blue  vat  for  cotton  dyeing,  in  some  exceptional  cases  when 
thick  and  heavy  goods  have  to  be  dyed,  the  so-called  German  vat  is  used;  but 
generaUy  all  calicos  are  dyed  blue  by  means  of  the  cold  lime  and  copperas  vat.  The 
materials  used  are  lime,  protosulpliate  of  iron,  ground  indigo,  and  water.  The 
chemical  action  consists,  in  the  first  instance,  in  tlie  formation  of  sulphate  of  lime 
and  protoxide  of  iron ;  the  latter  substance  having  a  considerable  affinity  for  oxygen, 
removes  an  atom  of  it  from  the  blue  indigo,  converting  it  into  white,  which  dissolves 
in  the  excess  of  lime,  and  is  ready  for  dyeing.  The  proportions  are  as  follows : — 
900  gallons  of  water ;  60  lbs.  of  green  copperas  ;  36  lbs.  of  ground  indigo ;  80  to  90 
lbs.  of  slaked  lime,  stirred  every  half  hour  for  tliree  or  four  hours,  then  left  twelve 
hours  to  settle,  well  raked  up  again,  and  as  soon  as  settled  ready  for  dyeing. 

SMonyBiM.  As  already  stated,  indigo  dissolves  in  concentrated  sulphuric  acid, 
forming  (because  it  is  not  a  solution  in  the  ordinary  sense  of  the  word)  sulphindigotic 
acid,  which  is  employed  in  dyeing  wool  in  the  following  manner : — First,  i  part  of 
indigo  is  treated  with  4  to  5  parts  of  fuming  sulphuric  acid ;  next,  this  solution 
is  poured  into  a  vessel  containing  water ;  and  into  this  mixture  flock  wool  ,is 
immersed  for  twenty-four  hours.  After  this  time  the  wool  is  removed  from  tlie 
vessel  and  drained,  and  transferred  to  a  cauldron  filled  with  water,  to  which  has  been 
added  either  carbonate  of  ammonia,  or  of  soda,  or  of  potash,  and  boiled  for 
some  time.  The  solution  thus  obtained,  technically  known  as  extract  of  indigo 
or  as  indigo  carmine,  is  used  for  dyeing  wool  which  has  been  previously  mordanted 
yriih  alum.    There  is  formed  on  the  wool  snlphindigotate  of  alumina. 
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''S^ISIIoh!,*'  In  order  to  recover  the  indigo  from  scrnps  and  rags  of  woollen  and 
other  fabrics  dyed  indigo  blue,  the  materials  are  treated  with  dilute  sulphuric  acid, 
which  Ls  heated  to  loo^  The  wool  is  dissolved,  wliile  the  indigo  is  left  as  an 
insoluble  sediment  Military  uniforms  yield  from  z  to  3  per  cent  of  indigo.  The 
acid  solution  is  next  neutralised  with  chalk,  and  a  sulphate  of  lime  is  obtained 
which,  owing  to  the  nitrogenous  matter  intermingled,  may  be  usefully  employed  as  1 
manure. 

iteinn  or^prjoUd  Biu«  Wool  18  dyed  wilh  die  so-called  Prussian  blue  (ferrocyanide  of" 
iron"!  by  two  metliods,  one  of  wliich  consists  in  saturating  the  wool  with  a  solution  of 
a  salt  of  peroxide  of  iron  (generally  the  persulphate,  or  preferably  the  pomitrateX 
after  which  tlic  wool  is  passed  through  a  solution  of  ferrocyanide  of  potassiiioil 
in  water*  acidulated  with  sulphuric  acid.  The  other  process  producing  so -called  BUu 
rfd  France  is  based  upon  the  decomposing  action  which  tho  atmosphere  exerts  on  tJio 
ferrO'  and  ferri-cyanhydric  acids.  The  goods  are  immersed  in  a  solution  of  either  the 
foiTo-  (yellow)  or  ferri*  (ruby  red)  cyanide  of  potassium  (commonly  yellow  or  re 
prussiate)  in  water,  to  which  are  added  sulphuric  acid  and  alum.  Afterwards  thd 
goods  are  aged,  or  exposed  to  the  air  in  rooms  in  which  steam  is  simultaneously 
admitted  to  elevate  the  temperature  and  assist  tlte  action  of  the  oxygen  of  tlie  air. 
The  result  is  that  the  ferro-  or  ferri-  cyanhydric  acid  is  decomposed,  hydrocyanic 
acid  being  evolved,  whUe  there  is  de-posited  on  the  fibres  of  tho  woven  fabric  ferro- 
cyanide of  iron,  Prussian  or  Berlin  blue.  MeitxendorfF  has  recently  invented  a 
method  of  dyeing  this  blue  by  which  a  colour  is  produced  very  similar  to  ihat 
obtained  by  the  so-called  Saxony  blue.  He  prepares  a  solution  containing  ferro- 
cyanide of  potassium,  chloride  of  tin  (SnCl^^  tartaric  and  oxalic  acids ;  this  solution 
is  heated  and  tlie  wool  kept  therein  for  some  time.  The  oxalic  acid  dissolves 
the  Prussian  blue,  which  of  course  can  only  act  as  a  dye  when  dissolved,  any 
of  it  left  undissolved  being  lost.  The  tartaric  acid  increases  the  brilliancy  of  the 
colour. 

^^'IIL^i'coplSi^ur**^  I'or  tliis  purpose  logwood  is  boiled  in  tho  dye-beck  with 
water,  and  to  the  decoction  are  added  alum,  cream  of  tartar,  and  sulphate  of  copper. 
The  wool  is  boiled  in  tliis  fluid,  and  is  next  cleared  by  being  boiled  in  a  fluid  con- 
taining logwood,  tinsalt  (protochloridc  of  tin),  alum,  and  cream  of  tartar.  The  good« 
dyed  in  this  manner  do  not,  as  is  tlie  case  with  tlie  indigo  goods,  become  white  by 
wear.  lustead  of  logwood,  archil  and  cudbear  are  frequently  used  for  so-called  half- 
fast  colours. 

Dji»tt«Y<a*ir.  Oil  the  Continent,  weld,  which  has  becomo  quite  obsolete  for  dyeing 
yellow  on  wool  in  the  United  Kingdom,  having  been  entirely  superseded  by 
quercitron  bark,  is  still  used  for  producing  a  yellow  dye,  on  account  of  the  fact  that 
weld,  when  brought  into  contact  with  an  alliali,  becomes  less  rud-coloured  Uian  is 
the  caso  witli  the  other  yellow  dyes. 

In  dyeing  with  weld  its  colouring  matter  is  extracted  by  water,  and  the  decoction  . 
added  to  tlie  goods  intended  to  be  dyed.  With  alum  it  dyes  a  very  tine  clear  yellow^^J 
tolerably  permanent  in  soap,  but  not  resisting  air  and  light,  WeM  has  not  mora  th:u« 
ODC-fourth  Uie  tinctorial  power  of  quercitron  bark,  and  on  this  account,  as  well  aa  09 
thai  of  its  great  bulk  relative  to  its  weight,  it  is  not  used  in  thia  country*  Fnitic, 
yellow-wood,  is  very  extensively  employed  in  dyeing,  and  Is  the  most  snitablt  TeUow 
matter  for  working  with  otlicr  colours  in  compound  shades.  With  alaminoiis 
mordants  it  gives  yellow  of  an  orange  shade ;  with  iron  mordaute  it  gives  drabe.  1 
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greys,  and  olive.  As  a  yellow  colouring  matter  it  is  considered  to  be  of  far  less 
power  than  quercitron  bark  weight  for  weight,  while  it  is  also  inferior  in  purity  of 
colour ;  but  as  fustic  withstands  tlie  action  of  acids  and  acid  salts  better  than  bark, 
it  is  used  in  greens,  blacks,  and  mixed  colours  where  yellow  is  required.  Young  or 
French  fustic  (also  known  as  Venice  sumac)  is  used  for  imparting  yellow  to  merinos. 
A  golden  yellow  is  produced  upon  wool  with  either  picric  acid  or  Manchester 
yeUow. 

Dyeing  Wool  Bed.  Madder  is  the  chief  colouring  matter  employed  for  imparting  to 
wool  a  red  or  scarlet  colour.  The  process  of  dyeing  wool  with  madder  consists  in 
mordanting  the  woollen  tissue,  fibre,  or  yam,  and  in  immersing  it  in  the  dye-beck 
containing  madder  with  water.  The  wool  is  mordanted  by  being  immersed  in  a 
warm  solution  of  alum  and  cream  of  tartar.  Tlie  dyeing  is  eflfected  by  placing  the 
mordanted  goods  in  the  dye-beck  or  madder-bath,  the  quantity  of  madder  being 
equal  to  lialf  the  weight  of  the  woollen  goods.  In  practice  the  goods  are,  of  course, 
slowly  moved  into,  through,  and  out  of  the  dye-beck,  proper  mechanism  being 
provided  for  this  purpose.  After  liaving  been  dyed,  the  goods  are  thoroughly 
washed,  so  as  to  remove  excess  of  dye  as  well  as  any  mechanically  adhering 
particles  of  madder.  Dyeing  red  with  cochineal  is  effected  upon  wool  in  tlie  same 
manner  as  with  madder.  Scarlet  is  red  with  a  yellowish  hue,  while  a  peculiar  hue  of 
red  is  termed  crimson,  often  produced  by  cochineal.  Woollen  fabrics  are  mordanted 
in  a  mixture  of  water,  cochineal,  cream  of  tartar,  and  tinsalt,  and  next  dyed 
by  boiling  with  more  cochineal  and  tinsalt.  Wool  is  very  readily  dyed  with  all  the 
tar-colours  (red,  blue,  green,  grey,  yellow,  brown,  violet),  the  affinity  of  wool  for 
these  colours  being  so  great,  that  tlie  solution  of  any  of  these  pigments  may  b^  Com- 
pletely deprived  of  its  colouring  matter  by  contact  with  wool. 

Qxfn  Dyes.  Green  dyes  are  usuaUy  obtained  by  combining  blue  and  yellow.  Wool 
is  first  dyed  blue,  and  having  then  been  mordanted  with  cream  of  tartar  and  alum,  is 
dyed  with  fustic,  or,  on  the  Continent,  with  weld.  The  green  cloth  used  for  coverinj[ 
billiard- tables  and  other  furniture  is  dyed  in  the  following  manner : — A  weak  d'scoc- 
tion  of  fustic  is  prepared,  and  into  this  some  Saxony  blue  is  poured,  while  there  is 
next  added  alum  and  cream  of  tartar.  The  woollen  fabric  is  immersed  in  the  bath 
and  boiled  for  two  hours.  It  is  next  thoroughly  washed  and  brightened  by  being 
again  immersed  in  a  dye-beck  filled  with  a  fresh  fustic  decoction,  to  which  a  smaller 
quantity  of  Saxony  blue  has  been  added.  All  kinds  of  woollen  tissues,  worsted,  half- 
wool,  alpacas,  delaines,  Ac.,  may  be  dyed  green  by  means  of  lo-kao  (Chinese  green), 
and  iodine  green. 

Kized  Shades.  Mixcd  shades  are  produced  on  the  fabrics  by  means  of  cocliineal, 
maddt'i',  French  fustic,  fustic,  in  a  manner  similar  to  that  used  for  dyeing  green. 

Black  Dye*.  Excepting  only  aniline  black,  all  black  dyes  may  be  considered  a/  combi- 
nations of  iron  wUli  tannic  or  gallic  acid ;  but  the  best  and  fastest  blacks  on  broadcloth 
are  such  as  have  as  a  first  dye  either  madder  or  indigo.  The  woollen  goods  are  mor- 
danted with  sulphate  of  iron  (green  copperas)  and  dyed  by  immersion  in  a  decoction  of 
logwood,  galls,  sumac,  &o.  The  so-called  S6dan  black  (this  town  is  celebrated  for  its 
cloth  manufacture)  is  produced  by  dyeing  the  cloth  blue  with  woad,  when  after 
careful  washing  the  cloth  is  placed  in  a  dye-beck  containing  water,  sumac,  and  log-  , 
wood,  and  is  boiled  for  some  three  hours,  after  which  sulphate  of  iron  in  a  solution 
of  known  strength  is  added.  This  operation  is  repeated  until  the  clotli  has  assumed 
an  intensely  black  colour.    Half-fast  black  colours  are  produced  on  doth  by  dyeing 
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them  blue  with  Pmssiftn  blue,  after  which  the  operation  jiiat  described  is  gone 
tlirough.  Common  black  is  produced  by  dyeing  witli  lo|^vood,  sumac,  acme  fustic, 
und  a  mixture  of  green  and  blue  vitriol.  Chromium  black,  inveuted  by  Leykaof  nt 
KuTcmberg,  is  obtained  in  the  foUomng  manner : — The  cloth  is  mordanted  with  a 
solution  of  bichromate  of  potash  and  cream  of  tartar,  after  which  it  is  dyed  in  a 
decoction  of  logwood.  Tlie  so-called  pyrolignite  of  iron  (crude  acetate  of 
prepared  from  scrups  of  old  iron  and  crude  acetic  acid)  ia  now  very  generally  used  i 
H  mordant  instead  of  the  green  copperas.  This  acetate,  also  known  as  black  or  iron 
liquor^  is  prepared  on  the  large  scale  and  sold  as  a  liquid  at  a  sp.  gr.  of  109  to  1*14. 

whitcaoOi.  Tliis  cloth,  in  use  especially  for  military  uniforms,  is  obtained  hy  first 
tlioroughly  washing,  fulling,  and  carefully  sulphuring  tlie  clothe  which  is  next 
piissed  through  a  bath  eontmning  chalk  and  a  small  quantity  of  size^  after  which 
it  is  dried,  beaten,  and  well  brushed. 

siik]>r<iny.  Silk  is  usually  dyed  in  skeins  unspnn,  but  having  been  first  dccorti' 
cated.  that  is  to  say,  deprived  of  the  layer  of  gummy  matter  wJiich  forms  the  outer 
covering  of  cocoon  silk.  It  is  then  scoured,  bleached,  and  sulphured ;  the  latter  only 
when  the  silk  is  to  be  dyed  with  very  bright  colours  and  delicate  light  hues.  Silk  is 
dyed  in  cold  dye  solutions.    It  is  dyed  black  by  any  of  tlie  following  processefl^ — 

1.  Logwood  and  iron  mordant; 

2.  Logw*ood  and  bichromate  of  potash  ; 

3.  Galls  and  other  substances  containing  tannic  acid  with  iron  solti  as  mordant; 

4.  With  aniline  black,  according  to  the  recipes  of  Persoz,  juji.,  and  others,  by  the 

use  of  chromate  of  copper  and  oxalate  of  aniline. 

Tlie  first  and  second  are  simply  known  as  ordiiiaiy  blacks,  while  tJie  third  is 
known  as  fast  black.  The  ordinary  black  is  obtained  by  simply  mordantiiig  the  1 
witli  nitrate  uf  iron,  and  then  dyeing  it  in  a  decoction  of  logwood.  This  ehoiip  dy< 
is  more  particularly  applied  to  light  silken  fiibrics.  The  colour  is  reddened  even  by 
weak  acids,  such  as  lemon  and  orange  and  other  fruit  juices.  The  fast  black  is  far 
more  expensive,  but  it  is  not  affected  hj  weak  acids,  while  it  aifords  ilie  additional 
advantage  of  largely  increasing  the  weight  of  the  silk  (in  raw  state  as  well  as  in  spun- 
yam  silk  is  sold  and  Imnght  by  weiglit),  as  this  textile  fibre  absorbs  from  60  to  80|^ 
and  even  100  times  its  own  weight,  and  silk  used  for  slioc-laccs  even  225  per  cent  of 
the  dye  materiiLl.  Wlien  desired  the  silk-dyer  has  to  return  for  100  lbs.  of  raw  silk 
from  160  to  180  or  200  lbs.  weighted  black-dyed  silk.  In  Germany  an  indigcnoual 
gall,  locally  known  as  Krioppern^  French  avllandes,  containing  some  30  to  50  percent 
of  tannic  acid,  is  used  in  the  extract  to  dye  silk  black.  In  England  nut-galls 
imported  from  tlie  Levant  are  employed  for  this  purpose.  Although  the  increase  in 
weigbt  of  tlic  silk  by  black  dyeing  is  advantageous  to  the  dealers,  the  deposition  of 
BO  mnch  foreign  matter  in  the  fibre  of  the  silk  not  only  injures  its  wearing  qualities, 
but  also  gives  rise  to  the  disagreeable ness  of  tlie  dyeing  coming  off  while  the  mat4J- 
rial  is  being  worn.  ^licroscopic  research  has  proved  that  Uio  dye  adheres  very! 
loosely  to  the  silk,  Tlio  process  of  dyeing  silk  black  with  galls  is  very  simple.  The 
fihro  is  first  steeped  in  a  solution,  or  ruUier  infusio-decoction,  of  galls,  technically 
known  as  "  galhng,"  after  which  the  silk  is  placed  in  a  solution  of  nitrate  of  iron. 
This  black  is  sonietimes  dyed  on  silk  previously  dyed  with  Prussian  blue,  but  far 
more  frequently  a  bluish  shade  ia  given  to  black  by  first  dyeing  the  silk  witli  log- 
wood, copperas,  and  some  sulphate  of  copper. 

Ab  regards  the  weighting  of  the  silk,  it  is  essentially  due  to  the  fact  that  silk,  as 
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an  animal  product,  has  tlie  property  of  combining  with  tannic  acid  and  thereby 
becoming  heavier.  The  larger,  therefore,  the  quantity  of  tannic  acid  contained  in 
the  dye-batli,  or  the  oftener  tl^  galling  of  tlie  silk  is  repeated,  the  heavier  the  fibre 
will  become  within  certain  limits.  It  is  not  quite  indifferent  whether  a  per-salt  or  a 
proto-salt  of  iron  be  employed,  the  former  being  preferable.  The  previously  galled 
silk  becomes,  when  passed  through  a  solution  of  a  pcr-salt  of  iron,  at  once  coloured 
black ;  but  when  it  is  passed  through  a  solution  of  a  proto-salt  of  the  same  metal,  the 
silk  becomes  at  first  coloured  only  black- violet,  and  gradually  deep  black  by  exposure 
to  air.  Although  in  every  case  the  result  is  the  same,  the  use  of  a  per-salt  is  advan- 
tageous, and  becomes  necessary  witli  a  small  quantity  of  tannic  acid,  while  for  a 
heavy  weighting  of  the  silk,  the  proto-salt  of  iron  only  can  be  employed.  It  is  stated 
that  the  dyeing  of  silk  with  aniline  black  by  means  of  chromatc  of  copper  and  oxalate 
of  aniline  yields  excellent  results.  Silk  is  dyed  blue  either  with  indigo,  Berlin  blue, 
ogwood,  or  aniline  blue.  The  indigo  vat  has  not  been  much  used  for  imparting  a  blue 
colour  to  silk  since  the  discovery  of  fixing  Prussian  blue  upon  silk ;  and  if  indigo 
is  used  at  all  it  is  as  indigo  carmine,  or  the  so-called  distilled  blue,  purified  sulphin- 
digotic  acid.  In  order  to  dye  silk  with  Prussian  blue,  it  is  first  immersed  in  a 
solution  of  nitrate  of  iron.  This  salt  is  generally  in  use  in  England,  while  in  France 
a  persulphate  of  iron  made  by  dissolving  green  copperas  in  nitric  acid  is  employed, 
and  known  under  the  ndme  of  Raymond's  solution,  tlie  blue  produced  being  termed 
Raymond's  blue;  Napoleon  blue  is  produced  by  the  addition  of  a  tinsalt  to  the  iron 
bath,  followed  by  treatment  with  a  solution  of  ferrocyanide  of  potassium  acidulated 
with  sulphuric  acid.  The  latter  blue,  more  brilliant  than  the  former,  is  usually 
prepared  in  England,  a  tinsalt  being  invariably  added  to  tlie  iron  mordant.  The 
mordanted  silk  is  next  passed  tlirough  a  boiling  soap-solution,  then  washed,  and  next 
steeped  in  a  solution  of  ferrocyanide  of  potassium  acidulated  with  hydrochloric  acid. 
The  brilliancy  of  the  dyed  silk  is  greatly  enhanced  by  passing  it  through  water  con- 
taining ammonia.  Dyeing  silk  witli  aniline  or  naphthaline  blue  is  a  very  simple 
process,  it  being  only  necessary  to  put  the  silk  into  a  solution  of  the  dyes, 
the  solvent  being  alcohol  or  wood-spirit,  or  in  the  case  of  soluble  aniline  blue, 
water.  Tlie  silk  is  left  in  tlie  solution  until  it  has  assumed  the  desired  hue.  Until 
tlio  discovery  of  fuchsin,  silk  was  always  dyed  red  and  pink  by  means  of  cochineal, 
safflowcr  (carthamine),  and  archil;  but  now  silk  is  generally  dyed  with  fuchsin, 
coralline,  and  Magdala  red  (naphthaline  red).  The  process  is  as  simple  as  that 
just  described  for  aniUne  blue.  Aiuline  red  is  the  brightest,  purest,  and  deepest  of 
all  red  dyes  for  silk,  but  it  is  not  so  fast  as  Magdala  red.  Arcliil  is  still  largely  used, 
but  aniline  violet  or  mauve  is  in  close  competition  with  it.  Yellow  is  produced  upon 
silk  by  first  mordanting  with  alum  and  dyeing  in  a  decoction  of  weld,  to  which,  if  it 
be  desired  to  impart  an  orange  hue,  some  annatto  is  added,  or,  preferably,  Man- 
chester yellow.  By  cautious  treatment  with  nitric  acid  silk  may  be  dyed  yellow, 
some  xanthroproteic  acid  being  formed,  while  witliout  any  mordant  picric  acid  pro- 
duces a  bright  lemon-yellow  on  silk,  the  colour  becoming  deeper  by  treatment  with 
alkalies.  Ordinary  green  is  produced  upon  silk  by  dyeing  it  yellow  by  means 
of  either  weld,  quercitron,  fustic,  or  picric  acid,  and  then  dyeing  it  blue  with  indigo- 
carmine,  aniline  blue,  or  sulphindigotic  acid.  Fast  green  is  obtained  by  dyeing  the 
silk  blue  with  Bleu  Raymond^  and  next  treating  it  Tiith  fustic.  During  the  last  few 
years  aniline  green  (emeraldine)  has  been  g^erally  used  for  dyeing  silk  green.  Lilac 
is  produced  upon  silk  by  means  of  aniline  violet,  arcliil,  or  log\i'ood  and  tinsalt 
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OiUeo D7«ifif .       Cotton  is  djed  either  in  yarn  or  woven  fabric,  bnt  more  generally  i 
yam.     Cotton  is  far  more  difficult  to  dye  than  wool,  iind  requires,  especialJy  fol 

obtaining  fast  colours,  stronger  mordants.     Blue  is  p|oduced  upon  cotton  (calico  it 
is  termed  in  fabric)  by  means  of  the  copperas -vat  (see  Indigo) ;  further  by  Berlin  or. 
Pnissian  blue,  logwood,  and  green  copperas ;  and  finally  by  being  passed  through  \ 
solution  of  oxide  of  copper  in  ammonia ;  the  fibre,  yam,  or  tissue  exhibiting  after" 
drying  a  beautiful  bright  blue  colour.    Yellow  is  produced  with  Avignon  berries^ 
weld,  fustic,  quercitron,    annatto,   acetate  of  iron   (nanl<een),   and  chrome -yellow. 
Green  is  obtained  by  the  copperas-vat  followed  by  dyeing  with  fustic.     Bromi  ia  ^ 
produced  with  a  salt  of  iron  and  with  quercitron  or  madder,  or  simply  by  means 
hydrated  oxide  of  manganese.    Black  is  either  fast,  aniline  black,  or  is  produced  by' 
dyeing  blue  by  the  aid  of  the  copperas-vat»  next  mordanting  with  acetate  of  iron,  and 
then  dyeing  in  a  bath  consisting  of  galls  and  logwood,    Tlie  ariiline  colours  can  be 
fixed  upon  cotton  only  by  die  aid  of  a  specific  mordant — a  solution  of  tannin  in 
alcohol;  or  the  fibre  of  cotton  is  first  animalhed,  as  it  is  termed;  that  is  to  say, 
impregnated  with  either  albumen  or  casein,  the  fibre  being  to  a  certain  extent  made 
similar  to  tliat  of  wool  or  silk  and  rendered  absorbent  of  aniline  dyes.    Cotton  maj 
be  niordajited  with  Gallipoli  oil,  or  with  soft-soap  for  certain  dyes, 

As  regards  dyeing  cotton  and  calicos  red,  madder  is  tlie  cliief  dye  material,  while 
probably  at  no  distant  period  arlificifd  tdizarinc  from  anthracen  will  become  an  important 
material.     We  distinguish  between  ordinary  red  iind  Turkey,   sometimes  termed 
Andrinople  red ;  the  former  is  produced  upon  cotton  goods  mordanted  with  ao 
of  alumina  (commonly  called  red  liquor  or  red  mordant) ;  the  latter  is  obtained  byl 
complicated  manipulation,  the  raiionaU  of  which  is  not  quite  elucidated  by  science, 

Turkey  »*d.  ThiQ  beautiful  and  very  fast  red,  improved  by  washing,  is  produced  by 
the  following  distinct  operations: — The  well-bleached  cotton  goods  are  first  podded 
in  a  mixture  of  Gallipoli  oil  and  pearl-ash  containing  about  200  lbs.  of  oil,  40  lbs.  of 
pearl-ash,  and  100  gallons  of  water,  a  quantity  sufficient  for  about  4000  yards  of 
calico.  The  pieces  are  next  exposed  to  air  in  summer  and  to  the  beat  of  a  stove  in 
cold  weather  for  twenty-four  hours  ;  then  padded  again  in  a  mixture  of  oil,  potash, 
and  water,  and  again  dried  and  exposed,  and  bo  on  for  as  many  as  eigkt  di^ereni 
treatments  for  dark  colours.  The  excess  of  oiL  or  ratlier  that  which  has  not  sufltired  ^ 
change  by  oxidation,  and  the  alkali  arc  now  removed  by  steeping  in  an  alkaline  lluidv  < 
and  the  pieces  well  washed.  The  next  process  is  the  galling  and  aluming  ;  60  lbs, 
of  ground  nut-galls  are  exlmustcd  with  hot  water,  and  to  this  liquor  are  next  added 
120  lbs.  of  alum  and  10  lbs,  of  acetate  of  lead,  after  which  Uie  liquor  is  made  up  to 
120  gallons.  The  pieces  are  padded  in  Uiis  liquor,  dried,  and  aged  three  days,  then 
fixed  by  passing  in  warm  water  containing  ground  chalk,  being  next  washed  and 
dyed  in  madder  mixed  with  a  little  sumac  and  with  blo<id-  For  dark  shades  of 
colour  the  fabrics  undergo  another  galling  and  aluming  after  dyeing,  and  arc  tlien 
aged,  fixed,  and  dyed  a  second  time.  After  this  last  operation  the  goods  exliibit  ] 
\ery  heavy  brown-red  colour,  and  they  are  brightened  by  two  or  three  soapings  or  1 
passage  in  dilute  nitric  acid,  In  other  processes  sheepa*  and  cows'  dung  are  mixed 
mill  the  oil  and  other  modifications  introduced.  Garancino  is  largely  used  in  Turkey- 
red  dyeing.  By  its  use  the  operations  of  clearing  and  brightening  {aiiva*jt^  havn 
been  much  shortened.  All  that  has  been  suggested  as  regards  the  ratiomtU  of  iht 
Turkey-red  dyeing  process,  and  more  especially  as  regards  the  action  of  th«?  Gallipc»li  ^ 
oil  {hniU  $6urnantet  an  inferior  kind  of  olive  oil  wliich,  when  mixed  with  a  weak 
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solution  of  pcarl-asli,  should,  if  of  proper  quality,  form  a  perfect  emulsion,  which,  after 
twenty-four  hours'  standing,  should  not  exhibit  any  globules  of  oil  floating  on  the 
surface),  is  not  sufficiently  substantiated  to  afford  a  secure  basis  for  further  reasoning. 
Dyeiii«  Linen.  Liueu  is  dyed  by  processes  similar  to  those  in  use  for  cotton,  but  owing 
to  the  peculiar  structure  of  the  flax  fibre,  its  affinity  for  dyes  is  much  lower  than  that 
of  cotton. 

The  Printing  of  Woven  Fabrics. 

^^^riM^.^*^  This  very  ipnportant  branch  of  tlie  dyer's  art  aims  at  producing 
coloured  patterns  upon  calico,  linen,  and  woollen  and  silk  tissues.  Calico  printing  is 
tho  most  important  portion  of  this  industry,  which  is  based  upon  the  same  principles 
as  dyeing,  but  is  in  the  practical  execution  far  more  difficult,  partly  because  the 
colours  have  to  bo  applied  to  certain  portions  only  of  the  fabric,  while  others  either 
remain  colourless  or  are  discharged,  partly  also  because  it  frequently  happens  that 
many  colours  have  to  be  applied  close  to  each  other.  The  colours  employed  in  calico 
printing  are  of  two  different  kinds ;  first,  such  as  are  directly  applied  to  the  cloth  by 
the  aid  of  blocks  or  plates  upon  which  the  patterns  and  designs  to  be  produced  upon 
the  calico  are  engraved — ^to  the  colours  thus  applicable  belong,  also,  the  ochres, 
Berlin  blue,  madder-lake,  indigo,  cochineal,  and  most  of  the  tar  colours ;  secondly, 
Liie  other  kind  of  colours  arc  such  as  are  produced  by  immersing  the  calico  printed 
with  various  mordants  in  dye-baths — madder,  cochineal,  logwood,  weld,  sumac,  cutch, 
fcc,  belong  to  this  category. 
There  exist  various  methods  of  printing,  of  which  the  following  are  the  chief : — 

1.  From  the  thickened  and  mordanted  colours. 

2.  The  thickened  mordant  only  is  applied  by  means  of  engraved  copper  cylin- 

ders to  the  cloth,  which,  after  the  mordant  has  been  tlioroughly  fixed,  is  put 
into  the  dye-beck. 

3.  The  entire  piece  of  cloth  is  either  mordanted  or  a  colour  is  printed,  while  to 

such  portions  of  the  cloth  as  are  *to  remain  white  or  are  intended  to  be 
afterwards  of  another  colour  or  colours,  or  pattern,  a  resist  is  applied, 
sometimes  printed  from  blocks,  or  more  frequently  from  cylinders,  the  effect 
being  that  on  the  portions  of  the  cloth  thus  protected  the  dye  does  not 
become  fixed. 

4.  Coloured  patterns  may  be,  and  in  practice  are,  largely  produced  by  first 

dyeing  the  mordanted  cloth   (calico  nearly  always  requires  a  mordant) 

uniformly  with  one  colour,  and  removing  this  colour  in  certain  portions 

of  the  cloth  by  what  are  technically  termed  discharges,  that  is  to  say, 

chemicals  which  destroy  tho  dye. 

In  order  to  fix  certain  kinds  of  colours  tliey  have  to  be  submitted  to  the  action  of 

steam  (steam  colours) ;  while  such  inorganic  substances  as  ultramarine,  emerald 

green,  &c.,  or  among  the  semi-organic,  the  lakes  of  madder  for  instance — which  are 

applied  mechanically  by  the  aid  of  albumen,  caseine,  gluten,  and  also  require  for 

fixing  the  aid  of  steam — are  technically  termed  surface -printed  colours. 

MordAnu.  The  mordauts  employed  in  calico  printing  are  chiefly  such  salts  as  are 
comparatively  loose  combinations  of  acid  and  base,  so  that  the  latter  can  readily  unite 
vnth  the  fibre.  Among  the  mordants  chiefly  used  the  acetates  of  alumina  (see  p.  263) 
and  iron  occupy  a  first  place,  while  alum  or  a  solution  of  aluminate  of  soda  is  more 
rarely  used.  Acetate  of  lead  is  tlie  mordant  for  producing  chromate  of  lead ;  various 
40 
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combirmtions  of  tin  'see  p.  75)  are  also  employed  as  mordanta.  The  application  of  a 
mixture  of  cnseino  ami  lime  has  been  recently  proposed  as  a  mordant;  for  Ihia 
piirpose  caseine,  technicuJly  known  in  England  as  lactarine,  and  prepared  from  loilk 
(of  whicli  it  is  tlie  curd),  is  dissolved  in  dilute  caustic  ammonia,  and  the  solution  thu^; 
tjbLained  is  mixed  with  freshly  prepared  milk  of  lime.  The  caseine-lime  mixture  is 
used  for  steeping  the  clotli  intended  to  be  dyed ;  the  caseine-lime  becomes  insolnblc 
by  the  application  of  heat,  nfter  whicli  ilie  fubric  is  so  thoroughly  mordanted  tliat  it 
resists  wasliing  with  alkaline  lluids.  In  order  to  prevent  the  sti^oess  of  the  clolli 
when  the  caseine-lime  is  u.sed  as  a  mordant,  it  has  beciu suggested  to  mix  the  fluid, 
previous  to  its  application  to  the  woven  fubric»  with  some  GallipoU  oil ;  the  culicos 
to  Tvhich  this  mordant  is  applied  beliave  as  regards  Uie  dyes  like  wool,  and  readily 
take  the  same  colours.  Chei'sc,  which  does  not  contain  too  much  fat,  or  skim- milk 
cheese,  when  digested  with  uniniunia,  produces  a  solution  which  can  be  used  instead 
of  caseine.  Tannic  acid,  albumen,  tiried  white  of  eggs  re-dissolved  in  water,  and 
vegetable  gluten  are  used  as  mordants  in  calico  printing. 

rhiekeniQg*,  In  Order  to  give  the  colours  or  mordants  used  in  printing,  either  by 
block  or  cyhoder,  a  sufficient  consistency,  they  are  mixed  with  what  are  technically 
known  as  thickenings.  As  such  are  used: — Senegal  gum,  tragacanth,  Iciocome, 
British  gum,  dextrine,  ealep.  Hour,  gluten,  pipe-clay  with  gum,  glue  and  size,  sulphat* 
•>f  lead,  sugar,  molusBCs,  glycerine,  starch,  sometimes  chloride  and  nitrate  of  atinc. 
The  purity  of  tlie  colours  and  mordants  depends  in  a  great  measure  upon  tlie  quality 
of  the  tliickeniugs.  British  gum.  prepared  from  starch,  is  most  frequently  used.  As 
regords  the  selectioti  of  the  thickening,  it  should  be  borne  in  mind  tlmt  very  acidj 
mordants  cannot  be  mixed  with  starch,  because  it  loses  its  consistency  with  acids  j 
while  again,  some  metallic  preparations— ^for  instance,  basic  or  sub-acetate  of  lead 
solutions  of  tin,  nitrate  of  iron,  and  of  copper— cause  gum  to  coagulate,  aiid  hence  | 
should  not  be  used  as  a  thickening  nilh  these  snbstanees. 

]tMiiu.orBMerTcv.  As  alrL'fldy  stated,  there  is  used  in  calico  printing  a  compositioiil 
wliich,  on  being  applied  to  tlie  clotli.  prevents  the  deposition  or  Bxing  of  colour  to 
the  portions  of  tiie  cloth  where  the  resist  composition  is  placed,  the  result  being 
that  these  portions  are  left  white.  Most  frequently  the  resist  is  employed  with  the 
view  of  preventing  the  fixatiun  of  indigo  to  certain  portions  of  the  cloth,  so  that  it 
remains  white  where  the  resist  has  been  applied.  The  resists  ore  composed  of  [msty 
excipients,  such  as  pipe-clay,  fat.  oil,  sulphate  of  lead»  to  wliich  are  added  and  with 
which  are  incorporated  substances  which  reaJily  yield  oxygen,  for  instance,  sulphate, 
nitrate,  and  acetate  of  copper,  or  a  mixture  of  red  prussiatc  of  potash  (ferricyanide  c4 
polnssiuraU  and  caustic  soda  solution.  In  some  instances  resists  arc  compostsl 
that  they  act  as  a  mordant  (alumina  or  iron  mordants)  for  other  dyes,  tiie  portions  « 
tlie  cloth  protected  liy  the  resiist  from  contact  with  indigo,  and  left  white,  being  dyed 
by  immersion  in  a  dye-ljcck  containing  anotlier  dye-stulT,  which  may  be  madder  or 
quercitron  bark.  This  kind  of  printing  is  sometimes  termed  laph,  in  consequence  ol 
the  remote  similarity  which  some  of  these  pattei-ns  bear  to  htpii  lazuli.  The  so- 
called  white  resist  for  cylinder  printing  consists,  as  an  example,  of  acetate  or 
sulphate  of  copper,  acetate  of  lead  thickened  with  gum,  or  dextrine  solution*  This 
composition  having  been  printed  by  means  of  tlie  cylinders,  Ibe  pieces  are  the  next 
day  put  into  llie  indigo-vat  and  kept  there  until  the  desired  depth  of  colour  has  been 
obtained,  after  which  they  are  passed  through  a  bath  containing  dilute  sulphuric 
acid  until  the  places  where  the  resist  has  been  apphcd  have  become  whit«»    Th« 
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rationale  of  this  process  is  the  following : — As  soon  as  the  reduced  indigo  (white 
indigo)  in  the  vat  comes  in  contact  with  the  oxide  of  copper,  it  is  converted  at  the 
expense  of  the  oxygen  of  the  oxide  into  hlue  indigo,  which  is  precipitated  in  insoluble 
state  on  the  resist.  By  tlie  treatment  with  dilute  sulphuric  acid  the  hydrated  sub- 
oxide (red  oxide)  of  copper  is  dissolved,  and  with  it  the  indigo  blue  washed  out. 

Instead  of  the  salts  of  copper  white  resists  are  used,  and  composed  of  bichloride  Oi 
mercury  and  sulphate  of  zinc ;  the  former  acts  in  a  manner  similar  to  the  salts  of 
copper,  while  the  latter  enters  into  an  insoluble  combination  with  the  reduced  (wliite) 
indigo,  which  is  precipitated  where  the  resist  has  been  applied. 

Diwhargei.  Discharges  are  for  the  purpose  of  producing  by  chemical  means  white 
patterns  on  certain  parts  of  tlie  dyed  cloth.  This  end  may  be  attained  by  dissolving 
a  previously  applied  mordant  or — as  is  tlie  most  usual  method — by  destroying  or 
discharging  the  dye  which  has  been  distributed  over  the  whole  surface  of  the  cloth. 
As  regards  the  first  method,  certain  acids — phosphoric,  arsenic,  lactic,  oxalic,  hydro- 
iluosilicic  acids — are  made  to  combine  with  the  base  contained  in  the  mordant; 
while  for  the  purpose  of  discharging  the  previously  applied  colour,  there  are 
used  such  substances  as  bleaching-powder,  chromic  acid,  a  mixture  of  red  pms- 
siate  of  potash  and  caustic  soda-ley,  permanganate  of  potash,  a  paste  composed 
of  bromine  mixed  with  water  and  pipe-clay,  nitric  acid,  &c.  All  these  agents  have 
an  oxidising  effect,  whereas  protochloride  of  tin  and  protosulphato  of  iron,  also  used 
for  this  purpose,  acting  by  absorbing  oxygen,  are  reducing  substances.    Among  the 

AddDiMbaxBct.  acids,  tartaric  acid  is  generally  used  for  the  purpose  of  discharging 
alumina  and  oxide  of  iron  employed  as  mordants ;  sometimes  this  acid  is  mixed  with 
bisulphate  of  soda.  A  piece  of  cloth  dyed  red  or  blue,  to  which  is  in  certain  parts 
applied  a  mixture  of  tartaric  acid,  pipe-clay,  and  gum  (the  latter  as  thickening 
to  give  consistency),  becomes  immediately  bleached  when  the  cloth  so  prepared  is 
immersed  in  a  solution  of  bleaching-powder. 

^^icSSLSjS*"*      ^^  late  fluoride  of  potassium  has  been  used  as  a  discharge  for 
Berlin  blue.    The  discharging  of  indigo  blue  by  oxidising  agents  is  due  to  the  for- 
mation of  isatine  from  the  indigo  blue,  the  former  being  soluble,  the  latter  insoluble 
in  water,  so  that  the  soluble  substance  can  be  removed  by  washing : — 
Ci6HxoNaOa+20  =  CieHipNaO^. 

V J /  '^  r —^ 

Indigo  blue.  Isatine. 

Indigo  is  discharged  by  chromic  acid,  employed  in  practice  as  bichromate  of 
potash,  the  acid  being  reduced  while  giving  off  oxygen  to  chromic  oxide.  More 
recently  Mercer  has  proposed  to  bleach  goods  dyed  witli  indigo  by  the  application  of 
a  mixture  of  potash  and  ferricyanide  of  potassium ;  for  this  purpose  the  indigo-dyed 
cloth  is  soaked  in  a  solution  of  red  prussiate  of  potash,  and  tlien  caustic 
potash  thickened  witli  British  gum  is  printed  on.  The  potash  converts  the 
ferricyanide  into  ferrocyanide,  and  by  the  oxygen  thus  set  free  the  indigo  blue  is 
coverted  into  isatine : — 

Indigo  blue,  CxfiHxoNaOa  J  I  ^'^^"'''  Ci6H,oNaO,2HaO, 

***^iSlSw!.*"*  Protocliloride  of  tin,  known  as  crystals  of  tin  and  as  tinsalt,  is  the 
most  important  of  the  reducing  agents  applied  to  goods  dyed  with  oxide  of  iron. 
When  the  protochloride  is  placed  in  contact  with  oxide  of  iron,  the  result  is  the  for- 
mation   of  readily  soluble   protochloride,   which  is  removed  by  washing,  while 
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fiimuUaneoasly  tliere  is  deposited  on  the  fibres  of  ttie  clotli  stannic  acid  (more 
roctly  proto -peroxide  of  tin),  whicli  may  serve  as  a  mordant  for  red  and  ycUow  dje 
ciiIUki  Priotiaf ,       CalicoB  may  be  printed  hj  I — 

1.  Dyeing  in  the  dje-hcck, 

2.  By  block  or  cyUndcr  printing  (topical  colour-printing). 

3.  By  resist  or  discharge  printing. 

In  tlio   process  of  dyeing  in  t!ie  dyebeck  (madder  style)  tJie   thickened   mof^ 
dtad,  to  which  usually  some  faint  coloniing  matter  is  added  for  the  purpose  of 
recognition    (the   reader  should  bear  in  mind    that  the  mordants    are  colourless^, 
or  at  least  nearly  so),  the  pattern  produced   on  the  white    calico  is  imprint 
by  the   aid   either  of   blocks   or   cylinders,   upon  wliicli  tlie   desired    patlcm  is 
engraved. 

The  process  of  block  printing  takes  place  upon  a  table  over  which  a  piece  of  Udck 
woollen  cloth  is  stretched.  The  calico  to  be  printed  is  laid  on  tins  cloth,  and  by  the 
aid  of  blocks  the  mordant  is  transferred  to  the  colioo.  The  blocks,  mode  of  pear-tree 
wood,  box-wood,  or  fir- wood,  have  the  pattern  engraved  en  rtUef,  or  wrou*jht  by  means 
of  brass  wires  fastened  in  tlic  wood  in  such  a  manner  as  to  form  a  c«?rtain  figure.  The 
former  blocks  are  called  engraved,  the  latter  dotted  or  stippled  blocks,  while  in  somaj 
cases  the  two  methods  are  used  simultaneously.  In  order  to  distribule  tlie  mordant!! 
uniformly  n  frame  or  cliase  is  employed,  on  which,  by  means  of  nails,  a  stout  piece  of  J 
canvas  is  stretcJied,  the  frame  being  made  to  lloat  on  the  top  of  a  thick  solutio 
of  gum  or  linseed  mucilage,  placed  in  a  suitably  constiucted  vessel.  On  a  frame  ill 
piece  of  oil'clotli  is  fastened  to  prevent  percolation  of  tlie  fluid  ;  next  the  mordant  is 
brushed  over  tlie  clotli  of  the  frame  quite  uniformly.  The  printtr  puts  his  block  on 
the  cloth  thoroughly  moibtt»ned  "with  mordant,  so  that  the  projecting  eiigrav 
portions  of  the  block  become  miiXomily  moistened,  and  the  block  having  b«en  trana- 
fierred  to  the  calico  is  pressed  tliereon»  the  pressure  aided  either  by  a  smart  blow 
given  by  the  printer's  fist  or  by  a  wooden  mallet,  care  being  taken  to  print  every 
portion  of  the  engraving  equally  on  to  the  woven  fabric.  \^\i^n  several  mordants 
are  placed  on  to  the  frame  by  Uie  aid  of  separate  brushes  and  thence  printed  on  to 
the  cloth,  the  result  is  the  production  of  the  so-called  irw  or  fomht  prints.  In  order 
to  accelerate  the  operation  of  printing,  machineiy  is  now  usual — ^for  instance,  the 
Perrotine.  invented  by  Perrot,  at  Rouen,  in  1833.  This  machine  works  with 
three  to  four  woo  den  formes  (Perrotine  formes  upon  which  tlie  patterns  are  fastened  by 
nails) ,  these  patterns  being  cast  in  a  manner  similar  to  stereotype  plates,  consiBtlDg 
of  a  readily  fusible  metallic  alloy.  The  aiTangement  of  lliis  machine  la  of  con 
SQch,  that  tiie  formes  arc  as  wide  as  the  cloth  intended  lobe  printed.  Instead  of  this 
machine  cylinder  printing  has  become  general.  The  cylinders  are  made  of  copper, 
and  on  these  Uie  pattern  is  engraved,  llie  cylinders  are  revolved  in  a  firamcwork  by 
means  of  macliinery.  By  tlie  aid  of  a  wooden  cylinder  covered  w4th  cloth  which 
dips  into  the  vessel  containing  tin?  mordant,  Uie  copper  cylinder  is  fed  with  mordant, 
while  a  kind  of  blunt  laiife,  known  technically  as  the  doctor,  scrapes  off  from  Uie  noii*J 
engraved  portion  of  the  copper  cylinders  any  superfluous  colour,  which  is  thus  con*^ 
fined  to  Uie  engraved  portion  forming  the  design. 

Before  U16  mordanted  cloth  can  be  dyed  it  has  to   be   kept  for  somo  time  m , 
order  that  the  alumina  and  iron  mordants  may  combine  intimately  with  tlie  fibm  i 
the  clotli.     Moreover,  Uie  cloth,  before  being  immersed  in  Uio  dye-b^ck,  has 
midergo  the  operation  technically  Imown  as  cleansing  ;  that  is  to  say,  alter  the  J 
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dant  has  become  dry,  the  thickening  and  faint  colouring  matter  have  to  bo  removed, 
together  T^-ith  any  mordant  uncombined  with  the  fibre.  For  goods  intended  to 
be  madder  dyed  the  cow-dung  bath  is  required.  Usually  some  chalk  is  added  for  the 
purpose  of  saturating  the  acetic  acid  or  tlie  mordant.  Although  all  calico  printers 
agree  that  the  cow-dung  bath  is  necessary,  the  rationale  of  the  action  of  this  bath  has 
not  as  yet  been  explained.  According  to  Mercer  and  Blyth,  for  cow-dung  may  be 
substituted  certain  phosphates  and  arscniatcs,  and  these  chemists  propose  tlie  use  of 
phosphate  of  soda  and  phosphate  of  lime.  More  recently  silicate  of  soda  has 
been  used  instead  of  cow-dung.  In  England  cow-dung  is  no  longer,  or  at  least  only 
very  rarely,  used.  After  the  goods  have  been  treated  with  cow-dung  or  its  substitutes, 
they  are  washed  and  tlien  dyed.  In  the  case  of  dyes  the  colouring  matter  of  which 
is  readily  soluble  in  water,  infusions  or  decoctions  are  use4 ;  cochineal,  quercitron 
bark,  weld,  safflowcr,  &c.,  are  thus  used.  But  otlier  dyes,  the  colouring  principle 
of  which  is  less  readily  soluble,  such  as  madder  and  garancine,  are  put  with 
hot  water  into  tlie  dye-beck  in  which  the  mordanted  goods  are  immersed.  It 
is  clear  that  when  several  different  mordants  have  been  printed  on  to  the  cloth, 
several  different  colours  can  be  obtained  by  the  same  dye  material.  With  madder, 
for  instance,  all  shades  of  pink  and  red,  black,  brown,  violet,  and  lilac  can  be  pro- 
duced when  alumina  and  iron  mordants  and  mixtures  of  these  have  been  used 
as  mordants.  As  the  dye  only  takes  where  the  mordant  has  been  applied,  it  can 
be  readily  removed  from  the  other  portions  of  the  cloth ;  this  removal  of  superfluous 
dye  is  effected  by  washing,  treating  with  bran  and  soap,  and  grass  bleaching  opera- 
tions, technically  termed  clearing.  In  some  cases  madder-dyed  goods  are  cleared 
with  the  aid  of  solutions  of  bleacliing-powder  or  Javclle  ley  (see  p.  223).^  Some  dyes 
require  in  order  to  become  bright  and  brilliant  t]ie  operation  known  as  avivage  or 
clearing,  but  pi  a  special  nature ;  tliis  is  more  particularly  applicable  to  Turkey-red 
dyed  goods,  wliich  after  removal  from  the  dye-beck  are  submitted  to  a  boiling  under 
pressure  with  soap-suds  and  chloride  of  tin. 

TopkaaorSurfaeeCoiouM.  The  proccss  of  applying  thickened  colours  and  mordants 
simultaneously  is  kno^vn  as  topical  or  surface  printing,  tlie  colours,  pigments,  being 
termed  topical  or  surface  colours.  Of  these  two  varieties  are  known,  one  of  which 
is  printed  in  tlie  state  of  solution,  becoming  gradually  fixed  and  insoluble  on  the  fibre 
itself;  tlie  otlier  is  applied  in  tlie  insoluble  state  with  thickening  and  plastic 
substances,  by  the  aid  of  which  the  colours  adhere  to  tlie  fibre,  so  that  by  simple 
washing  they  are  not  removed — ultramarine  is  applied  in  this  manner.  Many  of  these 
styles  of  printing  require  for  fixing  as  well  as  for  clearing  the  application  of  steam, 
from  which  they  derive  their  name  of  steam  colours,  now  very  extensively  used. 
The  printed  goods  are  dried  for  two  or  tlireo  days,  and  next  stretched  on  frames,  and 
thus  arranged  exposed  to  the  action  of  steam  at  100°,  in  properly  constructed  rooms. 
The  length  of  time  this  operation  is  continued  depends  in  practice  upon  several  con- 
ditions, and  varies  in  different  establishments,  but  is  generally  twenty  to  forty-five 
minutes  at  a  time.  The  precise  action  of  the  steam  is  not  well  known.  Cliina  blue, 
deriving  its  name  from  a  resemblance  to  the  colour  of  old  china  ware,  is  produced  by 
a  very  complex  process,  of  which  the  following  is  a  brief  outline.  The  indigo  in  its 
natural  state  is  very  finely  ground  and  mixed  with  deoxidising  bodies,  such  as 
sulphate  of  iron,  acetate  of  iron,  orpiment,  or  protochloride  of  tin,  and  thus  applied  to 
the  clotli ;  the  goods  thus  printed  are  aged  and  afterwards  dipped  into  clear  lime- 
water ;  this  serves  to  "wet  out*'  and  to  form  an  insoluble,  or  at  least  difficultly 
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soluble,  compounii  of  the  gum  paste  or  starch  of  the  thicltening  with  the  lime.  The 
piece  is  next  placed  in  the  copperas  vat  for  ten  minutes,  the  lime-water  whidi 
adheres  to  the  cloth  precipitating  a  little  oxide  of  iron  orer  its  whole  surface,  hut  it 
does  not  appear  tliat  the  gliglitest  dissolution  or  deoxidatiou  takes  place*  The  piecf' 
13  now  taken  to  the  lime  vat  again,  in  whicli  it  ia  gently  moved  about ;  by  this  opera* 
tion  the  indigo  is  deoxidised  and  dissolved,  tut  does  not  spread  beyond  the  design, 
for  the  reason  that  it  is  surrounded  with  fibres  saturated  with  water  and  coagulated 
giini.  while  by  the  excess  of  liwe  present,  the  solubility  of  the  deoxidised  indigo  is 
greatly  lessened.  The  piece  is  again  dipped  into  the  copperas  vat  and  again  iiii*>  tht* 
lin^e  vat  several  times,  the  last  dip  boing  in  lime  for  a  long  time.  The  goods,  tliickly 
coated  witli  a  cream  of  lime,  are  put  into  clean  water,  and  afterwards  into  a  dilute 
acidt  then  washed  and  cleared  iu  weak  soap  and  warm  weak  acid.  China  blue  is  a 
fast  colour,  but  veiy  dark  shiides  cannot  be  obtained  by  tins  process,  which  is  rather 
costly  on  account  of  the  time  and  labour  it  requires.  Steam  blue  is  obtained  by 
printing  with  a  solution  of  ferrocyaride  of  pottissiura  thickened  witli  starch, 
acidulated  with  tartaric  acid  and  a  small  quantity  of  sulphuric  acid,  after  w  hieb  the 
ealico  is  dried»  aged,  and  lastly  steamed.  Yellow  is  produced  by  first  treating 
tlie  goods  with  acetate  of  lead,  and  next  paasing  them  tlirough  a  solution  of  bichroniale 
of  potasli.     Green  is  produced  with  a  mixture  of  chromate  of  lead  and  Berlin  blue. 

£>iMiuuff«  8t^i«.  As  employed  in  practice  on  the  large  scale,  the  term  discharge 
given  to  a  composition  which  has  tlio  x>ower  of  bleaching  or  discharguig  the  dy 
already  communicated  to  a  fabric.  The  discharging  of  mordanta  by  the  aid  of 
agents— ekiefly  acids — ^wliich  dissolve  or  otherwise  render  ineffective  the  constttnents 
of  the  mordants,  seldom  occurs  in  practice,  and  only  then  a  few^  special  styles.  As 
a  rule,  discharge  is  effecled  with  uniformly  dyed  goods,  more  especially  indigo  and 
Turkey^red  dyed  fabrics,  upon  which  it  is  desired  to  produce  white  patterns ;  wliile 
sometimes  upon  a  portion  of  tlie  white  ground  thus  obtained  other  colours  areprodace<i.j 
The  agents  used  to  produce  tJie  discharge  vary  with  tlie  dye  wliich  has  liecn  applied  as' 
well  as  with  the  colour  afterwards  desired  to  be  produced  on  the  white  ground, 
while,  moreover,  the  discharge  ought  not  to  injure  the  fibre  of  the  cloth.  Oxalic, 
tartaric,  citric^  more  or  less  dilute  6ul]>huric  and  hydrochloric  acids,  bisulphute 
of  potash,  nitrate  of  lead,  solutions  of  bleaching-powder,  weak  chlorine  w^ater,  and 
bichloride  of  tin  arc  used,  being  properly  thickened  with  suitable  materials,  wliile 
si>me  ai'o  so  contrived  as  to  serve  as  mordants  fur  colours  to  be  subsequently  applied ; 
for  instance,  for  blue,  a  mixture  of  tartaric  acid,  Berlin  blue,  tinsalt,  farina,  and 
water,  is  used  ;  for  yeUow,  nitrate  of  lead  witli  tartaric  acid,  starch,  and  w*ater ;  for 
green,  a  mixture  of  yellow  and  blue ;  fur  black,  a  logw^ood  decoction  to  which 
nitrate  of  iron  has  been  added.  The  pieces  tlius  prepared  (these  discharges  bavin;* 
been  printed  on)  having  been  put  into  and  passed  through  a  solution  of  chloride 
of  liiue,  the  dyo  previously  applied  is  destroyed  where  the  discharge  is  printed,  and 
in  its  steail  the  new  colour  is  produced  according  to  the  pattern.  Chromic  add.  or  an 
acidulated  solution  of  bicroniate  of  potash,  is  sometimes  used  as  a  diachargc, 
the  oxide  of  chromium  produced  yielding  a  brow^n  colour 

AMiuoopnnUnii.       As  regards  the  application  of  these  colours  to  cabco  printing  tbejJ 
may  be  tenoed  steam  colours.    Tho  printing  and  fixing  is  effected  by  the  followin 
methods; — i.  The  tiiickencd  mordant  is  printed  on.  and  next  fixed  either  by  drying 
or  by  ageing  and  ateaming  after  drying,  the  fabric  being  dyed  in  a  solution  of  the 
aniline  colour  (red,  violet,  blue),  the  colour  becoming  fixed  to  the  mordanted  portions 


PRINTING  OF  WOVEN  FABRICS,  615 

only  of  the  calico.  2.  The  thickened  mordant  is  mixed  with  the  aniline  dye,  and 
thus  printed,  and  the  fixing  eflfected  by  steaming.  The  mordants  for  these  colours 
are : — Dried  albumen,  blood  albumen,  viz.,  that  bleached  by  the  action  of  ozone 
obtained  by  means  of  oil  of  turpentine;  vegetable  gluten  in  various  forms,  for 
instance,  that  dissolved  according  to  W.  Crum's  plan  in  weak  caustic  soda  ley,  or 
according  to  Scheurer-Rott  in  a  weak  acid,  or  gluten  dissolved  in  saccharate  of  lime 
according  to  Li^s-Bodard,  or  finally  gluten  dissolved  by  incipient  putrefactipn,  as 
suggested  by  Hanon.  Instead  of  gluten  caseine  may  be  used  dissolved  either  in 
caustic  ley  or  in  acetic  acid ;  glue  and  tannate  of  glue  are  also  used  (Euhlmann  and 
Lightfoot).  Other  mordants  for  these  colours  are  tannin,  fat  oils,  and  preparations 
thereof,  as  oleo-sulphuric  acid,  palmatino-  and  glycerin- sulphuric  acid.  Further,* 
certain  resins,  among  which  shellac  dissolved  in  borax  is  one. 

Gluten  is  largely  obtained  as  a  by-product  of  the  preparation  of  starch  from 
wheaten  or  other  flour.  When  required  for  use  as  a  mordant,  the  gluten  is  allowed 
to  remain  in  moist  state,  and  by  incipient  putrefaction  becomes  sour,  and  hence  fluid. 
The  mass  is  purified  by  first  treating  it  with  carbonate  of  soda ;  5  kilos,  of  tlie  sour 
gluten  require  for  saturation  about  560  grms.  of  a  carbonate  of  soda  solution  at 
1-15  sp.  gr.,  whereby  the  gluten  is  again  rendered  insoluble,  and  after  having  been 
washed  is  re-dissolved  in  caustic  soda  ley,  5  kilos,  of  the  gluten  requiring  435  grms. 
of  a  caustic  soda  solution  at  i'o8o  sp.gr.  This  solution  is  next  diluted  With  35  litres 
of  water.  The  fluid  is  printed  on  the  calico,  which  is  next  dried,  aged,  and  steamed, 
after  which  it  is  rinsed  in  water  and  dyed  in  a  solution  of  the  aniline  colour.  The 
gluten  is  sometimes  mixed  with  the  aniline  colour  and  printed  on  with  it,  after  which 
the  calico  is  steamed  a  first  time,  then  washed,  and  steamed  a  second  time.  Gluten 
may  be  used  without  the  preparation  with  carbonate  of  soda  by  leaving  it  to  putrefy 
until  it  has  become  very  fluid;  it  is  then  mixed  with  about  one-third  of  its  weight  of 
caustic  soda  solution  of  the  above  1080  sp.  gr.  'WTien  caseine  (lactarine,  it  is  tech- 
nically termed  in  England)  is  used  for  mordanting  calico  previous  to  the  application 
of  aniline  dyes,  it  is  dissolved  in  caustic  soda,  and  after  the  calico  has  been  printed 
with  this  mixture  the  aniline  colour  is  printed  on. 

The  method  of  printing  with  aniline  colours  as  devised  by  (3)  Gratrix  and  Javal, 
differs  considerably  from  the  preceding,  and  consists  (a)  in  preparing  an  insoluble 
compound  of  the  aniline  colour  with  tannic  acid,  which,  having  been  thickened  witli 
Senegal  gum,  is  printed  on  to  the  cloth  which  has  been  previously  mordanted  with 
tinsalt  or  any  other  suitable  mordant;  or  (/3)  there  is  printed  on  the  previously 
animalised  cotton,  that  is  to  say,  cotton  mordanted  with  albumen,  lactarine,  or 
gluten,  or  cotton  mordanted  with  tinsalt,  a  thickened  decoction  of  galls,  by  which  in 
the  first  place  a  tannate  of  albumen,  &c.,  in  the  second  one  of  tin,  botli  insoluble  in 
water,  are  formed.  The  calico  having  been  dried  is  then  passed  tlirough  an 
acidulated  aniline  solution.  The  aniline-tannin  compound  mentioned  under  (a)  is 
prepared  by  adding  to  an  aniline  solution  as  much  decoction  of  galls  (better  still 
solution  of  tannin)  as  is  required  for  the  complete  precipitation  of  the  dye  material. 
This  precipitate  is  collected  on  a  filter,  washed,  and  dissolved  in  alcoliol  or  acetic 
acid,  and  having  been  thickened  with  gum,  the  solution  is  used  for  printing.  When 
printed  the  goods  are  steamed  and  washed  cither  with  or  without  soap,  according  to 
the  shade  which  it  is  desired  to  give  to  the  colour.  A  red  colour  requires  a  soap- 
wash.  According  to  the  second  method  the  calico  is  treated  with  a  solution  of  stan- 
nate  of  soda,  after  which  a  thickened  solution  of  tannin,  or  a  tannin-containing 
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material  is  printed  on  to  the  clodi,  which  is  steomeU  and  the  mordant  farther  fixed. 
The  dyelag  operation  k  carried  on  in  a  dye-beck  used  ns  for  madder,  the  beck  being 
tilled  y,iili  water,  acidulated  with  acetic  acid,  and  heated  to  50".  The  cloth  is  pat 
into  this  liquid,  and  gradually  the  dye  dissolved  in  acetic  acid  is  added.  \Vlien  the 
requisite  quantity  of  the  dye  has  been  added,  tlie  contents  of  the  dye-beck  are  heat*?4 
to  the  boiling-point.  Aniline  black  is  produced  (see  p.  579)  upon  the  cloth  by  means 
of  chlorate  of  potash,  chloride  of  copper,  ferricyanide  of  ammonium,  or  freshly  pre- 
cipitated solphuret  of  copper.  Naphthylamin  violet  (see  p.  5S3}  is  now  produced  hf 
a  similar  process. 


HottpnNimr,  FLaiiidnK.      The    printod,  washed,  and    rough-dried    cotton   goods  ur 

Mut  D»Miu«,  fiuishiHl,  that  ia  to  gay,  starched,  dried,  often  calendered,  hot-pressed, 
folded,  and  again  pressed*  In  Enj^land  these  operi&tiQns  form  a  distinct  brimoh  of  the 
ilyeing  art  usually  not  periormed  by  the  printers.  For  chintz  white  wax  is  added  to  the 
hot  starch  in  order  to  ImpiLrt  a  bettor  glosB.  In  order  to  give  musUns  a  somewhat  velvety 
appearance  spermaceti  is  added  to  tho  starch  while  being  boiled  with  water. 

prinUoi;  Linen  Oodds,  Linen  goods  are,  as  a  rule,  neither  dyed  nor  printed,  and  only  a  few 
indigO'dyed  articles  on  which  white  patterns  are  produced  iire  in  the  trade.     As  regards  the 

jvintinB  vfooUan  GfloOj*  printing  of  woollen  goods,  llimnels  more  pnrticulorly,  block^printmg 
is  mo&t  frequent.  The  goods  are  mordanted  ^ith  chloride  ot  tin.  Tho  fixing  of  many  of 
the  oolourB  imparted  to  woollen  goods  is  elTected  by  Kteaimn;^.  We  distin^fuisht  moreover, 
in  tho  printing  of  woollen  goods— i.  Golga^  printing  ;  and  ( 2)  Bi'rill  printing.  As  regards 
the  former  method,  now  almost  obsolete,  the  golgus,  a  very  thin  and  light  illnnel  iabrio,  is 
first  mordanted  with  alum  and  cream  of  tartar,  and  next  placed  between  wooden  or 
leaden  platel  partly  perforated  with  a  pattern,  and  strongly  pressed  in  a  pceoliarlj 
constructed  hydraulic  press ^  where  it  is  possible  to  force  dye  solutionB  through  the  goods, 
which  are  only  wetted  by  these  solutions  and  oonscqucntly  dyed  where  the  dye  liquor  can 
pass  through,  tho  strong  pressure  preventing  the  liquid  running  over  the  flannel  in 
any  other  direction.  By  the  berill  printing  process  the  surface  oolourSf  thickened  with 
stitch,  are  printed  on  to  the  flannel  vvith  hot  brass  formes  ;  the  starch  not  being  remoTed, 
the  result  is  the  formation  of  reUeved  and  coloured  patterns.   The  processes  and  methods 

twatiutf  silk  Oodda.  of  printing  silk  goods  are  generally  the  same  as  for  calicos  ;  either  but- 
fooe  printing  la  resorted  to  with  fixing  by  steam,  or  various  mordants  are  printed  on  to 
the  silk,  which  is  next  dyed  iu  the  dyebeck.  A  peculiar  kind  of  printing  on  fiilk  is  basetl 
upon  tho  property  of  nitric  acid  producing  upon  silk  a  permanent  yellow  colour^  as  well  as 
of  destroying  most  oihtr  dyes,  and  yet  acting  on  resins  and  fatty  Fubstances  only  slowly, 

ir«>tid«tin  PcinUiif.  This  mude  of  priutiug  on  bilk  is  termed  mandarin  printings  and  the 
tissue,  chiefly  silk  haudkcrcbicfSjio  which  it  is  applied,  mandarins.  In  order  to  etch  with 
nitric  acid  on  the  indigo-dyed  silk,  there  is  printed  on  to  it  a  resist,  composed  of  resin  and 
fatt  after  which  the  tissue  is  kept  for  2  to  3  mintitcs  in  a  mixtnre  of  j  part  of  water  and 
2  parts  of  uitrio  acid  heated  to  50°.  The  goods  are  then  thoroughly  rinsed  in  fresh  water 
and  boiled  in  a  soap  solution,  to  which  carbonate  of  potash  is  added.  The  portions  of  the 
dlk  where  no  resist  has  been  placed  are  thus  made  beautifully  ytllovv. 

aMnaAzuift.  On  genuine  madder-red  dyed  ^ilk  white  patternti  are  etched  by  a  process 
similar  to  that  just  described  for  golgaa  printing.  The  goods  are  placed  between  leaden 
plates  in  which  the  pattern  is  cut  out,  and  then  submitted  to  strong  hydraulic  pressure ; 
neit  a  solution  of  bleachlng-powdcr  acidulated  with  some  sulphuric  acid'  is  foroea  f  broti;?h 
the  goods,  by  whioh  the  madder  dye  is  destroyed.     The  pattern  thus  etched  tii  r 

washing,  the  pressure  remaining  and  water  being  forced  through,  djed  yeli 
forcing  a  solntion  of  acetate  of  lead  and  next  one  of  chromate  of  potoah  ihtuu^ii  Uit> 
woven  fabrics^  kept  of  course  in  the  press. 


DIVISION  VII. 

THE  MATERIALS    4ND  APPARATUS  FOR  PRODUCING  ARTIPICUL  LI4R1. 


^'*"*i?<^Sj?''*°°  Very  few  among  tlie  large  number  of  bodies  which  at  a  high  tem- 
perature, either  by  combustion  or  at  a  red  heat,  evolve  a  permanent  light  are  suited 
for  use  as  materials  for  artificial  illumination.  The  number  of  bodies  which  comply 
with  the  conditions  demanded  in  artificial  illumination  is  very  small.  These  condi- 
tions are  the  following: — 

I.  That  by  the  combustion  of  the  body  a  sufficient  degree  of  heat  be  evolved  to 
maintain  the  combustion.  2.  That  when  the  burning  body  happens  to  be  solid,  it  be 
previous  to  the  combustion  converted  into  gas  or  vapour,  as  otherwise  no  flame  is 
generated,  which  is  absolutely  required  for  the  purpose  of  illumination.  3.  That  the 
burning  body  evolve  in  the  flame  solid  bodies  or  very  dense  vapours  as  an  essential 
condition  of  tlie  illuminating  property  of  the  flame.  4.  That  eitlier  the  body  itself  or 
the  raw  material  from  which  it  is  obtainable  be  present  in  large  quantity  and  be 
readily  obtainable.  5.  That  the  products  of  combustion  be  gaseous  and  harmless  to 
the  health. 

It  is  a  generally  known  fact  that  any  gi-eat  accumulation  of  heat  imparts  to  bodies 
the  property  of  emitting  light.  This  is  more  conspicuous  in  solid  and  fluid  bodies, 
because  their  molecules  are  placed  more  closely  together  than  happens  to  be  the  case 
^vitli  gases  and  vapours.  At  a  temperature  of  500°  to  600''  a  solid  body  becomes 
red-hot,  while  at  about  1000**  white  heat  occurs.  A  gaseous  body  heated  to  these 
degrees  of  temperature  emits  only  a  very  feeble  light.  In  order  to  render  a  gaseous 
body  (and  as  already  mentioned  only  gaseous  bodies  are  suited  for  illuminating 
purposes)  luminous  during  its  combustion,  it  should  contain  the  vapours  of  some  of 
the  higher  hydrocarbons  (for  instance,  benzol,  acetylen,  naphthaline,  &c.),  and  that 
tliese  by  becoming  white-hot  should  yield  light,  or  that  there  be  present  in  the  flame, 
by  itself  non-luminous,  a  solid  body  which  is  thus  rendered  white-hot ;  for  instance,  a 
spiral  platinum  wire  in  a  hj-drogen  flame,  a  piece  of  caustic  lime  in  the  oxy-hydrogen 
flame,  a  cylindrical  piece  of  zircona  or  magnesia  in  a  liydrogen  or  coal-gas  flame 
fed  by  oxygen,  oxide  of  magnesium  in  the  flame  of  burning  magnesium  (magnesium 
light),  solid  phosphoric  acid  in  the  flame  of  burning  phosphorus,  &c.  Leaving  out  of 
the  question  for  the  present  such  lights  as  are  not  generally  available,  as  those  just 
alluded  to,  and  also  the  electric  light,  it  is  clear  that  for  all  practical  purposes  we 
can  avail  ourselves  of  only  such  materials  for  illuminating  purposes  as  yield  a  flame 
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which  emits  Hght  in  consequence  of  Uic  vapours  of  heavy  hydKMsarbons  present 
therein.  These  hydrocarbons  are  indeed  contained  in  all  the  substances  which  are 
either  used  for  illuminating  purposes  or  from  which  illuminating  materials  are 
prepared »  as,  for  instance,  tallow,  palm  oil,  and  the  fatt}'  acids^  viz.,  stearic  and 
X>alniitic,  wax,  spermaceti,  paraflia,  rape-seed  oil,  t!ie  varioua  paraffin  and  petroleum 
oils,  camphine  (highly  rectified  oil  of  turpentine),  coals,  hiiuminous  schists,  boghead 
coal*  wood,  fats,  and  resins. 

Fi&mt.  Every  solid  and  lluid  body  wliicli  becomes  either  volatiHsed,  or  deicom- 
posed  into  gaseous  matter  at  a  temperature  below  that  required  for  its  combustion, 
can  bum  only  in  the  shape  of  gas.     The  ensuing  light  is  what  we  call  flame. 

The  well-known  shape  of  flame  is  due  to  the  pressure  of  tlie  ambient  air,  because 
the  latter,  becoming  heated  and  being  rendered  specifically  lighter,  ascends.  When 
the  illuminating  material  consists  of  molten  paraffin,  stearic  acid,  or  oil  (colza,  rape- 
seed,  or  petroleum),  it  is  sucked  upwards  in  the  interstices  of  the  wicks  acting  as 
capillary  tubes,  and  in  the  immediate  neighbourhood  of  the  flame  tlieso  substances  «re 
converted  into  gases  and  vapours,  the  nature  of  which  closely  agrees  to  that  of  piuified 
illumiiiating  gas. 

Sir  Humphry  Davy  was  the  first  to  elucidate  tlie  nature  of  flame  and  the 
cause  of  its  luminosity  as  well  as  of  tlie  unequal  luminosity  of  diflerent  kinds  of 
flames.  In  our  day  the  researches  of  Hilgard,  H.  Landolt,  Pitschke,  Blochmann. 
Kersten,  and  more  particularly  of  PL  Dcville,  Volger,  Lunge,  Br,  Fnmkland,  and 
others,  have  greatly  contributed  to  our  knowledge  of  flame.  When  closely  observe 
w©  can  distinguish  in  flame  three  diij tine t  portions,  viz. : — (i)  an  outer  luminous  laye 
or  so-called  veil ;  (2)  a  central  nucleus,  which  is  red-hot ;  and  (3)  an  inner  and  loifi 
portion,  in  which  the  gaseous  substances  about  to  become  ignited  are  heated. 
opinion  formerly  held  about  ilie  cause  of  the  emission  of  light  by  flame  was  Ihai 
the  combined  action  of  a  very  high  temperature  and  the  oxygen  of  the  atmosphere. 
which'  fir^t  combines  with  Oie  hydrogen,  carbonaceous  matter  is  separated,  which,, 
being  heated  to  a  bright  while  heat  emits  light.  By  tlie  researches  made  by  Hilg 
on  the  flame  of  burning  caudles,  aud  of  Landolt  and  H,  Deville,  who  experiments 
iWth  a  gas 'flame,  we  have  been  taught  that  a  veiy  quick  and  rapid  dilTusion  of  air 
and  the  products  of  combustion  takes  place,  and  that  in  the  interior  of  the  flame  a 
decretuje  of  the  quantity  of  llie  combustible  gases  and  an  increase  of  the  products  of 
combuslion  occurs.  But  all  these  researches  do  not  enable  us  to  explain  many  of 
the  most  ordinary  phenomena  observed  in  luminous  flames.  We  do  not.  for  example, 
know  what  relation  tliere  exists  between  the  chemical  composition  of  an  illuminating 
substance  and  its  illuminating  power ;  consequently,  gas  analyses  made  for  the 
purpose  of  testing  gas  are  in  that  respect  of  very  little  value.  According  to  the 
researches  of  O,  Kt»rsten,  confirming  those  of  O.  L.Erdmonn,  the  atmospheric  oxyge 
combines,  at  least  in  gas  flames,  first  with  the  suspended  particles  of  free  carbon  1 
next  witli  the  hydrogen.  The  combustion,  Kersten  states,  docs  not  take  place  in  thu 
centre  of  tlic  flame,  but  only  at  the  veil  and  tliat  portion  of  the  luminous  manlla.| 
which  is  nearest  to  the  veil,  because  we  cannot  admit  tliat  any  trace  of  oxygen 
pass  through  a  layer  of  red-hot  hydrogen  and  carbon.  The  products  of  combusliou 
observed  in  the  centje  of  the  flame  arc  not  formed  there,  but  have  been  carried  tljeii- 
by  diflusion.  The  total  hciit  of  tlie  flame  is  consequently  derived  from  the  limit  of 
the  Koue  of  combustion.  The  temperature  of  the  centre  of  the  flame  and  of  tlic 
mantle  increases  of  course  towards  Uie  lop,  and  hence  the  most  luminous  portion  of 
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the  flame  is  that  where  the  carbon  is  separated  by  the  intense  lieat,  below  the  thin 
layer  of  the  dark  central  cone.  Higher,  where  the  heat  which  decomposes  the 
hydrocarbons  into  their  constituents  reaches  upwards  to  the  middle,  the  entire 
centre  is  luminous,  and  hence  a  solid  flame  is, exhibited.  As,  then,  t)ie  free  carbon 
comes  nearer  to  the  layer  rich  in  oxygen,  it  is  converted  into  carbonic  acid,  and  is 
the  more  luminous  the  more  energetic  this  combustion.  In  the  veil  oxide  of  carbon 
and  hydrogen  bum  simultaneously.  The  reason  why  this  veil  does  not  exhibit  at 
its  lower  part  a  luminous  mantle  is  because  the  mass  of  the  gases  in  tlie  interior  is 
too  cold  for  admitting  a  separation  of  hydrocarbons. 

The  non-luminosity  of  a  flame,  even  that  of  pure  olefiant  gas,  due  to  the  too 
contracted  space  occupied  by  the  temperature  of  the  veil,  may  be  observed  when  a 
gas  flame  is  turned  down  as  low  as  possible ;  in  this  case  a  complete  combustion 
takes  place  before  any  decomposition  can  ensue,  just  as  happens  in  the  lower  blue 
portion  of  a  luminous  flame.  Tlie  luminosity,  therefore,  depends  upon  tlie  composi- 
tion of  tlie  gas  before  it  is  burnt,  and  not  upon  a  subsequent  combustion  of  the 
carbon.  It  has  been  assumed  tliat  the  luminosity  of  gas  flames  is  due  to  the 
momentarily  eliminated  particles  of  solid  carbon  becoming  wliite-hot;  but 
according  to  Dr.  Frankland's  researches,  made  in  1867,  it  is  not  the  particles  of  solid 
carbon,  but  rather  the  dense  vapours  of  tlie  higher  hydrocarbons,  those  having 
a  high  boiling-point,  which,  while  ignited  at  an  elevated  temperature,  cause  the 
luminosity  of  the  gas  flame.  There  are  present  in  illuminating  gas  compounds  of 
great  density,  which  in  the  state  of  vapour,  similar  to  what  may  be  observed  of  the 
vapour  of  arsenic,  may  render  flame  luminous ;  among  these  are  the  vapours  of 
benzol,  naphthaline,  and  probably  of  many  other  of  the  constituents  of  coal-tar.  These 
vapours  remain  in  the  flame  in  undecomposed  state  up  to  the  moment  that  they  reach 
the  outer  layer  or  envelope  of  the  flame,  where  they  become  consumed  when  coming 
in  contact  with  the  oxygen  of  tlie  air.  It  has  been  customary  to  adduce  as  a  proof 
that  the  luminosity  of  the  flame  is  due  to  eliminated  particles  of  carbon,  the  fact  that 
when  a  piece  of  porcelain  is  held  in  the  flame  carbon  is  deposited  thereon ;  but  it  has 
not  been  proved  that  this  substance  is  pure  carbon;  on  the  contrary,  when  the 
deposit  is  submitted  to  analysis,  it  is  always  found  to  contain  hydrogen,  and  any 
chemist  who  desires  to  obtain  pure  carbon  from  lamp-black  knows  well  enough  that 
this  substance  has  to  be  strongly  ignited  in  close  vessels  before  all  tlie  hydrogen  it 
contains  has  been  eliminated.  In  order  to  accelerate  tliis  process  of  purification, 
chlorine  gas  is  passed  over  the  lamp-black  placed  in  a  combustion-tube,  or  better,  a 
porcelain  tube,  and  raised  to  nearly  a  white  heat.  Lamp-black  is  probably  nothing 
more  than  a  conglomerate  of  the  densest  light-emitting  hydrocarbons,  the  vapours  of 
which  become  condensed  upon  the  surface  of  the  cold  porcelain.  •  How  could  a  flame 
be  80  transparent  as  it  really  is  were  it  filled  with  solid  particles  of  carbon?  How 
could  it  be  the  same  for  photometrical  assays  if  the  flame  be  placed  with  its  broad  or 
narrow  edge  towards  the  photometer  if  the  light  of  the  flame  were  due  to  solid 
particles  of  carbon?  It  is  possible  that  in  a  slight  degree  an  elimination  of  carbon 
actually  takes  place  as  a  consequence  of  the  decomposition  of  hydrocarbons,  but  the 
main  source  and  cause  of  the  luminosity  of  a  gas-flame  is  the  combustion  of  the  heavy 
hydrocarbons.  It  is  clear  that  the  temperature  of  the  flame  has  some  influence  on 
its  luminosity.  According  to  H,  Deville's  experiments  (1869)  the  degree  of 
the  luminosity  of  a  flame  is  intimately  connected  with  the  density  of  the  vapours 
present  therein,  while  the  dissociation  does  not  appear  to  be  without  some  influence 
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upon  the  condition  of  Llie  flame.  Under  ordinary  conditionB  an  illuminating  mater 
to  be  burnt  in  air  free  from  draughts,  and  so  tliat  no  ainoky  flame  be  produced, 
sliouJd  coutmn  iii>ou  6  parts  by  weight  of  carbon  i  part  by  weight  of  hydrogen, 
OS  nearly  obtains  in  olelmnt  gas,  paraSin,  wax,  and  stearic  acid.  Oil  of  turpentiiie, 
which  coutaiua  npon  i  part  by  weight  of  hydrogen  75  parts  by  weight  of  carbon, 
bums  with  a  sooty  flame.  This  is  Uio  case  in  a  higher  degi-ee  mth  benzol,  which 
upon  I  part  of  hydrogen  contains  1:3  of  carbon,  or  with  naplithaline,  in  which  the 
proportion  is  i  :  15.  In  order  to  burn  the  excess  of  carbon  {as  already  statedt 
according  to  Dr,  Frruikland  s  resenrchcs,  tliis  is  not  pare  carbon,  but  a  conglome- 
ration  of  dense  hytlrocarbons)  which  becomes  eliminated,  an  increased  supply  of 
air  is  required,  such  as  is  created  by  a  lamp-glass.  Such  flames  as  do  not  eliminate 
carbon,  as,  for  instance,  tliose  of  marah-gaa  and  alcohol,  yield  only  a  faint  L'ght 
when  bunung.  The  luminosity  of  gas  is  at  once  destroyed  when  atmospheric  air 
IS  mixed  with  the  gas,  as  may  be  observed  in  the  Bunsen  burner :  the  same  eflfoct 
obtains  when  the  gas  is  mixed  with  other  indifferent  gases  or  vapours. 
Artificial  light  is  procured : — 

L  From  Bubpiaiicea  solid  at  ordinary  teroperatuieSf  and  prepared  in  the  ^ftpo^  of 
candles  mode  of  euch  materials  ad  tallow,  palm  oil^  stearic,  palmitic  and  elaidio  Acidt, 
wax,  spermaceti,  and  paraffin. 

II.  By  employing  fluid  snbetttaoes,  chiefly  in  lamps,  and  which  may  be  brought  to 
the  following  categories  ;-^ 

a.  Non-volnttle  oils,  euch  m  rape-Eeed,  oliye  oUt  flsh^oih 
b»  Volatile  oils  which  are  either — 
«u  Ksiientiid  oils,  as,  for  inetance,  camphjne  (refined  oil  of  turpentine) ;  or 
p.  Mineral  oils,  obtained  from  tar,  from  peat,  lignite,  bituminous  islate,  boghcod  eoal, 
and  con&iBtingofmixturoB  of  fluid  hydrocarbons,  met  with  in  commerce  under  a 
variety  of  names,   such  as    aolar  oil,  photogen,   ligrolne,  ]ccro<sen,  poraflin 
oil,  &c. ;  or 
y.  Native  earth-oil  or  petroleum,  which,  after  havingbecn  refined,  is  sold  inEngland, 
commonly  under  the  name  of  petroleum  oil,  to  di^tinguicih  it  c&peciaUj  from 
Young's  patent  paraffin  oil. 
m.  By  meatia   of    gaseous    subBtances    obtained    by  the  dry  distiUution  of  eoaJs, 
biiuminous  folate,  peat,  wood,  petroleum  reRidueH,  re^iu^,  and  fatty  substances,   all  of 
which  when  submitted  to  a  high  t>^mperature  above  a  cherry-red  heat,  become  decom* 
posed,  yielding  a  s(»lid  residue  rich  in  carbon  (coke),  tar,  and  gases  ;  oragain,  by  other  modes 
of  treatment,  as  with  the  bo -called  water-gas,  obtained  by  passing  steam  oTer  red-hot 
charcoal.  _ 

In  the  gaseous  iUnminatmg  substances  the  luminous  body  is  either : — 

a.  Yielded  by  the  flame  Its^elf,  aa  Is  the  ca^e  in  the  ortliiiary  s^as  flame;  or, 

b.  Introduced  cxterually,  as  in  the  so-called  platinum  hght,  by  the  aid  of  plntLnuffi" 

wire;  in  the  lime  light  by  means  of  lime;  in  the  magnesium-  and  zircouinm- 
light  from  ci^liudrical  pieces  of  these  substances  ;  or  by  the  so-called  caiburalioo 
of  the  gas  with  the  Tapours  of  fluid  hydrocarbons. 


L^Artifieial  LUjht  oUained  Iff  M^m  of  Candln, 

ucM  from  candiOT.  Leaving  out  of  the  question  the  use  in  some  very  poor  districts  i 
splints  of  resinous  wood  for  tlie  purpose  of  procuring  artificial  light,  candles  are  1 
only  shape  in  which  solid  materialij  are  employed  for  illuminating  purposes,  ,  A 
candle  consists  of  tlie  solid  illuminating  material,  palmitic  and  stearic  acids,  pamffin, 
tallow,  or  wax,  cast  in  the  wellknown  cylindrical  shape,  nnd  provided  in  the 
direction  of  its  longitudinal  axis  with  a  cotton-wick,  the  thickness  aiid  plaiting  of 
which  should  be  arranged  in  proper  relation  to  the  diameter  of  tlie  candle.  We 
describe  in  the  following  pages  the  manufacture  of: — 

I.  Stearine  candles.  3.  Tallow  candles. 

8.  Pturoffin  candles.  4,  Wax  candlct. 
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"'"""''^SBdJlfc'**'*"*  ^-  Palni-oil  and  tallow  are  now  in  Europe  the  raw  materials 
for  the  mantifacture  of  these  candles,  while  lard  is  used  for  this  purpose  in  the 
United  States  (Cyicinnati).  The  researches  of  W.  Heintz,  which  complete  those 
made  by  Chevreul,  have  taught  us  that  these  fats  consist  of  palmitic,  stearic,  and 
oleic  acids,  and  gljfcerine.  The  acid  which  Chevreul  has  designated  as  margaric 
acid  has  been  proved  to  be  a  mixture  of  palmitic  and  stearic  acids.  The  so-called 
**  stearine  candles  "  are  frequently  made  of  a  mixture  of  stearine  (viz.,  a  mixture  of 
palmitic  and  stearic  acids)  and  soft  paraffin.  Candles  of  this  description  are  known 
abroad  as  Apollo  and  Melanyl  candles.  The  manufacture  of  stearine  candles 
consists  in  two  chief  operations,  viz. : — 

A.  The  preparation  of  the  fatty  acids ; 

B.  The  conversion  of  these  acids  into  candles. 

A.  The  preparation  of  the  fatty  acids  can  be  effected  by  saponification  with  lime, 
by  means  of  sulphuric  acid  and  subsequent  distillation,  by  means  of  water  and  high- 
pressure  steam,  and  by  means  of  steam  and  subsequent  distillation. 

^'^MeiiiofLiSe^^  I-  Saponification  of  the  Fats  by  Means  of  Ztm^.— The  raw 
fats  employed  in  this  operation  are  beef  or  mutton  tallow,  and  palm  oil.  The 
mutton  tallow  contains  a  larger  quantity  of  solid  fatty  acids,  and  is  more  readily 
saponified,  but  beef  tallow  is  cheaper.  The  Russian  tallow,  of  which  large  quantities 
are  met  with  in  commerce,  is  usually  a  mixture  of  beef  and  mutton  tallow.  As  palm 
oil  is  imported  into  Europe  in  large  quantities  and  is  comparatively  low  in  price,  it 
has  become  in  many  stearine  candle  manufactories  the  fat  chiefly  used. 

Stearine  yields  957  parts  of  stearic  acid  (melting  at  70"*)  dsHjeO,. 
Palmitine  ,,  948  „  palmitic  acid  „  62"*  CZ6H32O2. 
Oleine         „      903        „       oleic  acid  „      — 12"  Ci8H340a. 

Stearine,  palmitine,  and  oleine,  are  glycerides.  The  stearine  is  tri-stearine, 
C57H110O6 ;  palmitine  is  tri-palmitine,  CjiH^sOe ;  and  oleine  is  tri-oleine,  C37H104O6. 
By  the  saponification  with  milk  of  lime,  the  calcium  salts  of  the  three  fatty 
acids,  stearic,  palmitic,  and  oleic,  are  formed,  and  glycerine  is  separated.  The 
operation  of  saponification  is  conducted  in  the  following  manner: — Of  tallow  or 
of  palm  oil  about  500  kOos.  with  800  litres  of  water  are  put  into  wooden  lead-lined 
vats  or  tuns,  of  20  hectolitres  cubic  capacity,  and  next  by  the  aid  of  steam  conveyed 
into  the  vessel  by  a  leaden  pipe  coUed  spirally.  When  all  the  tallow  has  been 
melted  there  are  gradually  added  to  it  some  600  litres  of  milk  of  lime,  containing 
70  kilos,  of  lime  =  14  per  cent  of  the  weight  of  the  tallow,  care  being  taken  to  stir 
the  mixture  continuously.  After  heating  for  some  six  to  eight  hours  the  formation 
of  the  lime-soap  is  complete.  The  somewhat  yellow  gl3'cerine  solution  is  run  off 
from  the  solid  granular  lime-soap  and  used  for  preparing  glycerine.  According  to 
theory,  starting  from  the  supposition  that  upon  3  molecules  of  fatty  acids  found  com- 
bined in  the  neutral  fat  there  is  i  molecule  of  glycerine,  100  parts  of  fat  would 
require  only  87  parts  of  caustic  lime,  but  in  practice  14  per  cent  of  lime  is  generally 
used  because  it  has  been  found  that  the  saponification  is  rendered  easier,  but  a  larger 
quantity  of  sulphuric  acid  is  also  required. 

The  lime-soap  thus  obtained  is  decomposed  by  means  of  sulphuric  acid,  either  con- 
centrated, or  as  so-called  brown  or  chamber  acid.  This  operation  is  carried  on  either 
in  the  vessel  in  which  the  saponification  took  place,  or  in  a  similarly  constructed  vessel 
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or  in  stoneware  basins,  alao  fitted  with  a  steam-pipe.  The  quantity  of  snl^hlin^ 
required  for  Uic  decomposition  of  a  mixture  composed  of  500  kilos*  of  tallow  nnd 
70  kilos,  of  lime  amounts  to  137  kilos.  The  acid  is  first  diluted  witli  water  to  12*  B. 
=  sp.  gr.  I  0S6  (in  Uiis  condition  the  acid  contains  30  per  cent,  HaSO^),  and  is  next 
poured  on  to  the  lime-soap,  with  which  it  is  thorouglily  stirred, ^  while  steont  heat 
is  applied  fiimnltatieously,  Wlien  tlie  fatty  acids  have  been  set  free  the  supply  of 
steam  is  shut  oif,  and  the  lluid  mixture  left  for  some  time,  the  melted  fatty  acids 
rising  to  the  surface,  while  tlie  gj^psutu  Bettk'«  at  tiio  bottom  of  tlie  liquid.  The 
melted  fatty  acids  are  transferred  to  a  lead-lined  tank,  aud  in  order  to  remove  the 
last  traces  of  lime  aud  sulpliftte  of  lime,  first  washed  v^ith  dilute  sulphuric  acid,  and 
next  with  water,  tlie  stenm  heat  boiiig  kept  up  to  maintain  the  acids  in  a  fluid  state. 
The  quantity  of  purified  fiitty  acids  thus  obtained  is  tlie  following  : — 

500  kilos,  of  tallow  4 59  5  kilos,  of  fatty  acids. 

500         M  ,.        4630        ,, 

500        „  „        478-0 

500         „  K        487*5         rf 

2000  kHos.  of  tallow  J 888-0  kilos,  of  fatty  acids, 

equal  to  94-8  per  cent.    The  yield  depends  on  tlie  kind  of  tallow  used,  on  its  parity. 
and  tlie  mode  of  operating  for  its  saponification. 
100  parts  of  tlio  fatty  acids  give : — 


a.  43*3  parts  of  solid  fatty  acids  | 
''•  45-8       1 

</.4S4 ,     J 


On  an  average  45  9  parts  of  a  mixture  of  steane 
aud  palmitic  acid. 


Whan  tlie  fatty  acids  have  been  as  much  as  possible  freed  from  lime,  gypsum,  and 
sulphuric  acid»  by  menns  of  repeated  washing  \A'ith  wnt-er,  tliey  are  kept  in  molten 
condition  for  some  lime  in  order  that  the  water  may  be  thoroughly  eliminated. 
Next»  the  fatty  acids  are  cooled  and  become  solidified,  after  which  they  are 
submitted  to  strong  hydrauHc  pressure  in  order  to  remove  the  oleic  acid,  tliis  opera- 
tion being  repeated  nnd  then  performed  with  the  aid  of  heat.  The  ncids  are  then  cast 
into  large  square  blocks,  or  cooled  in  moulds  similar  in  shnpe  to  those  used  for  large 
cakes  of  chocolate,  nnd  eapnble  of  containing  2  kilos,  of  tlie  falty  acids.  In  some 
works  moulds  made  of  enamelled  iron  are  used  for  this  purpose.  The  fatty  acids  arc 
left  in  these  moulds  for  the  purpose  of  crystallising  slowly  ;  in  winter  twelve  hourai 
in  summer  twenty-four  hours,  are  required  for  attaining  this  end.  The  more  alowJj 
the  crystallisation  proceeds  tJie  better,  because  the  more  readily  the  fluid  portion  can 
be  separated  by  pressure  from  the  solid  mass*  The  solidified  mass  is  next 
submitted  to  hydrauhc  pressure,  in  order  to  eliminate  the  fluid  fatty  ncids  retained 
between  the  crystals  of  the  sohd  mass.  The  iirst  operation  of  pressing  is  performed 
at  the  ordinary  temperature.  The  solid  cjike  of  the  fatty  acids  is  for  this  purpose 
put  into  a  press*bag,  which  may  be  made  of  any  strongly  woven  fabric,  horsehair 
clotli  J>eing  often  employed.  The  press-bag  having  been  filled  is  placed  between 
plates  of  iron  or  zinc,  and  then  transferred  to  the  table  of  a  hydraulic  press,  eapnble 
of  exerting  a  pressure  of  200,000  kilos.  The  oleic  acid  which  runs  off  is  collected  in 
channels  and  thence  conveyed  by  a  pipe  to  a  cistern.  This  material  is  used  in  soap- 
making,  also  for  lubricating  wool,  and  more  recently  as  oleic  acid  ether  mixed 
with  alumina  for  the  purpoae  of  softening  leather.    Wlien  the  hydraulic  press  doe« 
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not  remove  any  more  fluid  from  the  solidified  crystalline  acids,  hot-pressare  is 
resorted  to.  For  this  purpose  hydraulic  presses  of  a  peculiar  construction  and 
placed  in  a  horizontal  position  are  employed ;  the  arrangement  of  these  presses,  tlie 
plates  of  which  are  heated  by  means  of  steam  is,  however,  too  complicated  to  be  use- 
fully described.  The  pressed  fatty  acids  are  next  purified.  This  is  efiected  by 
treating  them  in  a  molten  state  with  very  dilute  sulphuric  acid  (3°  B.  =  1*020  sp.  gr.), 
and  washing  them  with  water,  an  operation  repeated  two  to  three  times,  the  fatty  acids 
being  of  course  kept  molten  all  the  time.  The  w^ash-water  to  be  employed  for  this 
purpose  ought  to  be  free  from  lime,  and  if  such  water  is  not  obtainable,  the  lime 
should  be  removed  by  means  of  oxalic  acid.  The  purified  fatty  acids  are  next  main- 
tained in  a  molten  state  for  some  time,  in  order  to  eliminate  the  water  mechanically 
adhering  to  them.  Sometimes  the  fatty  acids  are  clarified  by  the  aid  of  white  of 
eggs  beaten  to  a  froth,  and  added  to  the  water  of  the  last  operation,  in  the  proportion 
of  2  eggs  to  100  kilos,  of  fatty  acids ;  or  the  stearic  acid  is  re-molten  in  water 
containing  oxalic  acid.  The  fatty  acids  thus  obtained  are  either  cast  into  thick 
slabs  and  thus  sent  to  the  candle  factory,  or  the  molten  acids  are  directly  converted 
into  candles. 

It  is  evident  that  annually  a  large  quantity  of  worthless  gypsum  must  result  as  a  by- 
product of  the  decomposition  of  the  lime-soap  by  the  use  of  sulphuric  acid.  It  may 
therefore  be  worth  while  to  suggest  that  caustic  baryta  should  be  substituted  for  lime, 
because  by  the  decomposition  of  the  baryta- soap  with  sulphuric  acid,  there  would  be 
formed  baryta  white  (sulphate  of  baryta),  the  value  of  which  will  cover  the  expense  of  the 
sulphuric  acid ;  but,  on  the  other  hand ,  caustic  baryta  is  a  great  deal  more  expensive  than 
caustic  lime.  It  is  true  that  the  sulphate  of  baryta  separates  more  readily  and  completely 
from  the  liquor,  and  a  purer  glycerine  can  be  obtained  from  it.  Cambacere's  suggestion 
(1855)  to  saponify  with  alumina  was  made  with  the  view  of  obtaining  a  more  valuable  by- 
product. Alumina  does  not  saponify  fats,  but  aluminate  of  soda  (employed  for  the  purposes 
of  saponification  for  some  years  in  the  United  States  under  the  name  of  natrona  refined 
saponifier)  does  so,  the  result  being  the  formation  of  an  alumina-soap,  while  the  soda  is  set 
free  and  may  be  used  again  for  the  purpose  of  re-dissolving  fresh  portions  of  alumina.  As 
in  the  operations  made  with  the  native  minerals  cryolite  and  bauxite,  aluminate  of  soda  is 
obtained  as  an  intermediate  product,  which  may  be  further  treated  for  sulphate  of 
alumina  and  soda ;  the  proposal  to  use  an  alumina-soap  instead  of  a  lime-soap  deserves 
every  consideration,  the  more  so  as  the  fluid  obtained  by  the  decomposition  of  the 
alumina-soap  with  sulphuric  acid  may  be  directly  employed  for  the  preparation  either  of 
sulphate  of  alumina  or  of  alum.  The  alumina-soap  may  be  decomposed  at  the  ordinary 
temp^atnre  by  acetic  acid,  and  acetate  of  alumina  obtained  (see  p.  263).  The  lime 
saponification  process  has  been  in  a  great  measure  thrown  into  tne  background  since  the 
invention  of  the  far  more  profitable  saponification  process  with  sulphuric  acid  and  super- 
heated steam. 

^'**^rSj.''*"*  II.  Saponification  Process  with  a  Smaller  Quantity  of  Lime  and 
the  Application  of  Superlieated  Steam. — De  Milly  has  essentially  changed  the  pro- 
cess of  the  saponification  of  the  neutral  fats ;  he  found  that  tlie  quantity  of  lime 
used  in  the  saponification,  which  in  his  works  at  Paris  had  been  already  diminished 
from  14  to  8  or  9  per  cent  of  the  quantity  of  tlie  fats,  could  be  decreased  even  to 
4  or  to  2  per  cent,  provided  the  mixture  of  lime-water  and  fatty  matter  was  heated  to 
a  higher  temperature  than  that  usually  employed.  De  Milly  put  into  a  steam  boiler 
2300  kilos,  of  tallow  and  20  hectolitres  of  milk  of  lime,  which  contained  either 
50  kilos,  of  lime  =  2  per  cent,  or  69  kilos.  =  3  per  cent,  after  which  this  mixture  was 
heated  to  172°  by  means  of  steam,  having  a  temperature  of  182°  =  10  atmospheres,  or 
150  lbs.  pressure  per  square  inch.  The  result  was,  tliat  after  seven  hours  the  saponi- 
iication  was  complete,  the  contents  of  the  boiler  consisting  partly  of  an  aqueous 
solution  of  glycerine,  partly  of  a  mixture  of  free  fatty  acids,  and  a  small  quantity  0^ 
a  lime-soap.    The  boiler  having  been  emptied  was  again  filled,  and  the  operatior 
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repeated  fio  that  in  tweniy-four  hoars  6900  Idlos,  of  tallow  eoald  be  operal4?d  dpon. 
It  is  evident  thfit  this  method  of  sapoDiliCQlion  is  very  profitublc*  in  consequence  of  ^ 
requiring  much  less  BiUplmric  acid  for  decomposing  the  lime-softp. 

Several  opinions  have  been  enunciated  explanatory  of  tliis  process ;  but  if  we  ] 
iu  niyid  U)  that  kind  of  ftction  which  Ber^elius  designated  as  catalytic,  where  « 
comparatively  very  small  quantity  of  any  substance  may  call  forth  a  decomjjosiiion 
under  favourable  conditions  of  a  very  large  quantity  of  another  substance ;  and 
(3)  recollect  that  Wright  and  Pouehe  have  more  recently  (De  Milly'a  experimcn 
were  made  about  twenty-five  years  ago)  found  that  water  at  a  high  teniperatun 
causes  the  dissociation  of  fats  and  oils  into  glycerine  and  fatty  acids,  it  is  clear  that 
while  the  small  quantity  of  lime  may  have  facilitated  the  saponiBcation,  the  result 
obtained  by  I>e  Milly  is  mainly  due  to  the  very  high  temperature  of  Uie  wat«r 
employed  in  tlio  operation.  This  is  clearer  from  the  fact  that  a  process  of  saponifi- 
cation is  successfully  in  use  based  solely  upon  tlie  application  of  water  at  ft  hi^h 
teanperature, 

■*'^tiui;Kc**LuT'*'  III-  Stiponljlcalion  by  Means  of  SitJphurh  Acid  and  Sttfjjh*- 
qmnt  DiMhiiion  btf  Means  of  Steanu — It  was  known  to  Achard»  in  the  year  1777, 
that  tlie  neutral  fats  are  decomposed  by  concentrated  Eulphuric  acid  in  a  manner 
similar  to  the  decomposition  effected  by  caustic  alkalies.  This  fact  wa-s  again 
brought  forward  in  1S21  by  Caventon,  and  1S24  by  ChevreuL  but  was  not  scientifi- 
cally invesligated  until  1836  by  Fr6my,  and  not  industrially  applied  until  the  year 
1 841,  when  Bubrunfaut  introduced  tlie  distillation  of  tlie  fatty  acids  on  the  large 
scale*  The  crude  fatty  matter  usually  submitted  to  tbis  process  of  saponification  is 
of  tlic  kind  tliat  cannot  be  saponified  by  the  limo  process  by  reason  of  its  impuiities ; 
tlius,  for  instance^  palm  and  cocoa-nut  oil,  bono  and  marrow  fat,  fat  of  slaughter- 
houses,  kitchen-stuff;  tlio  products  of  tlie  decomposition,  by  means  of  sulphuric  acid,^ 
of  the  soap-water  obtained  from  wo^>l- spinning  and  eloth-making  works,  nsidiica  i 
the  refining  of  fish  and  otlier  oils,  residues  of  tallow-melting,  Ac. 

This  process  of  sapouig cation  by  means  of  sulphuric  acid  as  earned  on  in  the  Urge 
establishment  for  stearine  candle-making  of  Leroy  and  Burnnd,  at  Gentilly,  near  Paris 
ocmsists  of  three  operations,  viz. : — 

a.  Sftponificntion  with  sulphuric  acid. 

fi.  Ik't'oiiijios^ition  of  the  products  of  saponification. 

y,  I>ititiIlutioii  of  the  fatty  acids. 

a,  Iu  order  to  eliminate  the  greatest  impurities  first,  the  crude  fatty  mattara  are 
molten  and  kept  in  the  liquid  Btate  for  Bome  tiuio,  so  that  the  coarser  impmrities  mij  foF"^" 
fiide.     The  fatly  mutters  are  then  tmnsfcTred  to  a  kind  of  boiler  made  of  iron  boiler-plftlf 
liqed  inhide  with  lead,  nnd  fitted  with  a  stirring  apparatus  and  a  steam-jacltct,  eonneeto 
by  means  of  pipus  with  a  steiim-boiler,  so  that  the  apparatus  tnBj  be  heated.     Into  th 
vessel  sulphuric  ftdd  ut  66*  13,  =  i-8  »p.  gr.,  is  poured,  the  qnautity  of  this  fluid  bcin 
regulated  according  to  the  nature  of  the  futty  matters  operated  upon.     Kit eheu- stuff,  fat 
from  elaughter-houses,  and  the  like  require  12  per  cent  of  their  weight  of  acid  ;  palm  oil 
requires  from  6  to  9  per  cent  according  to  quality.    The  fatty  subaianoefl  having  be^  1    i 
into  the  vessel,  the  Btirring  apparatus  is  set  in  motion,  and  the  steam  turned  on  f' 
pnrpose  of  eupphinR  heat  to  the  vessel.     The  temperatiire  to  which  the  Tes^f"^  '^ 
varies,  in  Price's  Works,  Batter  sea,  bdug  177*,  while  at  Ctentilly,  the  heat  is  1^4 
than  from  1 10"  to  115^.     During  the  operation  the  mass  foams,  becomes  brown , : 
sulphurous  acid,  partly  due  to  the  action  of  a  portion  of  the  concentrated  sulpLnuio  avk 
upon  the  irlyccrine,  partly  to  its  action  upon  the  impurities  present  amnnff  tbo   ffttlj 
matters.     The  neutral  fat  is  converted  into  a  mixture  of  sulpho-fatty  ri     ' 
glyceric  acid.     The  sftponification  in  complete  after  some  fifteen  to  tw*  1 
cation  of  heat.     According  to  Do  Mjlly'B  new  procesa  (1S67)  the  tallow  i>  i...... ..  ,.    .>^  ,  - 

along  with  6  per  cent  of  sulphuric  acid/and  the  action  of  the  latter  is  limited  to  two  to  thie« 
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niintites ;  it  is  thereby  paisible  to  obtain  80  per  cent  of  the  solid  fatty  acids  in  A  oontlitiou 
Rt  once  iit  for  makmg  eutidlGs  without  redistillatiua,  only  20  per  cent  having  to  be 
distilled. 

/j,  DecoTOpOfaition  of  tho  prod  nets  of  the  Bulphuric  ncid  saponification »  Th©  mass  is 
left  to  cool  for  three  to  four  hours  and  is  next  transferred  to  large  wooden  tanks 
iiiied  with  lead,  and  previously  filled  one-tbird  with  water.  At  the  bottom  of  these  tanks 
tteam  pipes  are  Ittted,  by  m^anB  of  which  the  fluid  contents  of  the  vessel  are  soon  heated 
to  100".  The  sulphurie  acid  und  the  fatty  ocidB  are  dissociated,  and  the^e  bodies,  partly 
combined  with  a  larger  quantity  of  hydrogen  and  oxygen  than  was  present  in  the  fatty 
aeids  from  which  they  were  formed,  partly  also  in  an  nnalterod  condition,  are  found 
floating  on  the  Horfnce.  Aftt?r  having  been  repeat«*dly  triturated  with  boiling  water,  the 
fatty  acids  are  tapped  or  poured  over  into  a  vessel  filbid  with  water  heated  to  40°  to  50*^ 
for  the  pnrpose  of  allowing  the  impurities  to  become  deposited,  Tho  clarified  fatty  acids 
are  next  heated  in  a  ves&el  placed  on  an  open  fire  in  order  to  evaporate  all  the  water,  after 
which  they  are  submitted  to  distiMation. 

■y,  Tho  distillation  requires  several  precautions.  Distilktion  with  an  open  fire  would 
convert  the  fatty  acid^  into  oil,  gas4ar,  and  a  carhonaeeona  residue,  if  the  heat  were 
suliiciently  bigh»  But  when  the  temperature  is  prejierly  reguJated»  the  fatty  acids 
are  protected  from  the  direct  action  of  the  tire.  Air  should  be  completely  excluded  from 
the  distilling  apparatus.  With  thaaa  precaations  tho  fatty  acids  distil  over  without 
undergoing  any  essential  alteration.  These  conditions  are  complied  with  by  the  use  of 
superheated  steam  at  a  temperature  of  250*  to  350*.  The  fatty  aeidij  are  put  into  a  roomy 
retort  supported  by  brickwork,  and  fitted  with  a  steam  tube  aa  well  as  a  condensing  tube 
connected  with  a  receiver,  in  which  the  fatty  acids  are  collected. 

^lien  tho  several  fatty  acids  are  fractionally  ooUected  from  tho  beginning  to  the  end  of 
the  dietillation  their  melting-points  are ;— 

Fron.PatoOU.  ^^  i^o' Fat!°" 

ist  product      54' 5*  44*0* 

2nd  „  5a*o*  ^vd" 

3rd  „  480°  41*0^ 

4th  ,,  460"  4a*5* 

Stji  M  44-0'*  44'0" 

6th  ♦,  41 'o°  45 'o° 

7tli  ..  39-5"  4i'o' 

The  water  condensed  with  the  fatty  acids  runs  off  from  the  receiver  through  a  tap.  At 
the  beginning  of  the  operation  the  water  constitutes  half  of  the  produce  ;  towards  the  end 
only  about  one-third.  With  a  retort  capable  of  containing  1000  to  iioo  kilos,  of  material 
tho  distillation  takes  Bomo  twelve  hours.  The  end  of  the  operation  is  indicated  by  the 
coming  over  of  coloured  products.  There  remains  in  the  retort  a  black  tam^  matter,  the 
quantity  of  which  amounts  in  the  case  of  palm  oil  distilktion  to  2  to  5  per  cent,  and  for 
kitchen-stuff  to  5  to  7  per  cent.  This  residue  is  not  removed  after  each  dis^tillatiuu  bnt 
left  in  the  retort  until  it  has  accumulated  to  such  an  extent  as  to  rendfr  its  removal 
necessary.  The  first  products  of  the  distillation  of  palm  oil  saponified  by  means  of  fatty 
acids  are  so  Bolid»  that  by  pressure  they  do  not  peld  any  fluid  acid,  and  are  at  once  fit  for 
the  manufacture  of  caudles.  The  products  which  come  over  afterwards  are  further 
purified  by  hydraulic  pressure,  re-melting,  and  washing  with  water.  The  substaneo 
obtained  by  pressure,  more  or  iees  pure  oh'ic  acid»  is  mjed  for  80ap*niaMng  only  in  this 
country,  although  abroad  it  is  burnt  in  some  kinds  of  lamps.  The  oleic  aoid  obtained  by  tMs 
process  is  essentially  different  from  that  obtained  by  the  lime  saponification  procoBfl.  Th« 
quantities  of  fatty  acids  obtained  by  tMs  process  of  saponification  are  the  following : — 

From  Suint    . .      47  to  55  per  cent. 

t,      Olive  oil  residues      ..  471050       ,, 

„      Palm  oil       ..      ..      ..      ..      ,,      ..  75  to  80        ,» 

,,     Fat  from  slaughter-houses      . .     . .  60  to  66       „ 

„     Oleic  acid . ,      . .      . ,  25  to  jo       „ 

Chloride  of  zinc,  which  in  many  respects  (see  p.  81)  is  similar  in  its  action  to  sulphuric 
acid,  has  been  proposed  as  a  idubstituto  for  the  latter.  For  countries  into  which  snlphurjc 
acid  has  to  be  imported  chloride  of  zinc  might  be  of  greater  advantage,  being  capable 
of  recovery  and  less  dangerous  and  difficult  in  transport.  Wlien^  according  to  the 
researches  of  L.  Kraft  and  Tcssi^  du  Motay,  a  neutral  fat  is  heated  with  anhydrous 
chloride  of  zinc,  a  complete  incorporation  of  these  substances  takes  place  between  150' 
41 
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J  continuing  tli©  boating  for  some  timet  and  washing  the  iiiAi'   "  T 
worm  ^ater,  or  better  with  water  acidulated  with  hydrochloric  acid,  there  I 

a  fatty  matter,  which  on  hciug  submitted  to  diatillation,  yields  the  corrr-r- 
acid,  while  only  a  small  quantity  of  acroleipe  is  forrueth     The  chloride  -  ; 
Bolublo  in  the  water  used  for  washings  may  be  recovered  hy  evftporathi,  t 

yiM  of  fatty  acids  by  tliis  process  is  the  same  as  that  obtained  hy  the  uee  of  teulphurie 
acid,  while  the  fatty  acids  also  agree  as  to  their  physical  pn:»perties.  The  quantity 
of  chloride  of  zinc  required  aracwiiit*  to  S  to  12  per  cent  of  the  fat, 

^'^SdS*JrpJ?«i»2***^  ^^  •  Some  sixteen  years  ago  aacjtlier  agent,  capable  of  hringinj; 
about,  in  a  maimer  similar  to  alkalies  and  adds,  the  dissociation  of  iatty  matUirs  ititA"^ 
glycerine  and  fatty  acids,  was  introduced,  this  agent  being  simply  Buperheated  outturn 
at  high  pressure : — 

3SX0) }  «'+f^  =^0^  +  ^jS«H3iO[0- 

Trjpalmitinc.  Water.    Glycerine,  Palmitic  acid. 

The  idea  of  submitting  fatty  matters  to  a  similar  raetliod  of  treatment  is  not  a  new 
one,  for  in  tlio  researches  of  Appert  (1823)  and  Manicler  (1826)  some  bints  arc  giren 
on  the  decomposition  of  fat5  by  means  of  superheated  water ;  but  the  aim  of  these 
leclmologists  was  different,  for  in  tlteir  experiments  they  employed  steam  to  separate 
tlie  tallow  from  the  cellular  tissue  it  is  contained  in,  and  for  that  purpose  a  t<impera- 
tureof  115"  to  121^  was  quite  sufFRient,  while  at  a  temperature  of  iSo'  and  a  pressure 
of  10  lo  15  atmospheres  {—  150 lbs.  to  s^s^lbs,  pressure  to  the  square  inch)  water 
can  exert  a  far  more  energetic  action  upon  the  neutral  fats,  tlissociating  them  and 
thus  setting  free  their  constituents.  The  knowledge  of  this  interesting  fact  is  due  lo 
the  researches  of  Tilghmann  and  Berthelot,  who  almost  simultaneously  made  thia 
discovery  in  tlic  year  1854,  while  shortly  after  Melsens,  nt  Bnissels,  obtainetl  the 
s^ime  result.  As  regards  the  industrial  application  of  Ijiis  discover}',  Tilghnninn  and 
Melseius  made  furtlier  researclir^s ;  their  modes  of  operating  arc  very  similar. 

Tilghmann  adds  to  the  neutral  fet  about  to  be  decomposed  one-Uiird  to  one-halt 
of  its  buUc  of  water,  and  pours  this  mixture  into  a  suiiiciently  strong  vesaelio  whidi 
the  fluids  can  be  submitted  to  tho  action  of  heat,  viz.,  a  degree  nearly  as  high  aa  the 
melting' point  of  lead,  320".  This  vessel  is  so  arranged  that  iluring  the  opi^ralioo  li 
4*ftn  be  cloaed  so  as  to  prevent  on  tlie  one  hand  the  evaporation  of  water,  and  on  tlie 
other  admit  of  a  sufficiently  strong  pressure*  The  process  is  carried  on  coutinuonsly 
by  causing  the  fluids  to  circulate  throu«ih  a  tube  healed  to  the  required  temperaturp. 
Melsens  uses  a  Papin's  digester,  in  which  the  fat  to  be  decomposed  is  heated  to  180*  to 
200",  with  10  to  20  i>er  cent  water,  to  which  i  to  10  i>er  cent  of  sulphuric  acid  has  been 
added,  Wright's  and  Fouch^'S  npparatus  consists  of  two  liermetically  closed  copper 
vessels  placed  one  above  the  other  and  connected  together  by  means  of  two  tul>c§,  one 
of  which  reaches  neajdy  to  th*^  biittom  of  the  lower  vessel,  and  ends  in  tlio  upper  omt 
just  above  the  bottom. 

The  second  tube  is  tixe<l  into  tlie  lid  of  the  Inwer  vessel  ami  passes  through  tlid 
upper  vessel  reaching  nearly  to  its  cover.  The  upper  vessel  is  tlie  Bteani-gcneratiti', 
while  the  decomposition  goes  on  in  the  lower  vessel.  When  it  is  intended  U>  wark 
with  this  apparatus^  tlie  steam -generator  is  filled  with  water  nearly  to  tlie  point  ol 
which  tlie  first  tube  ends  in  it.  Tlie  second  vessel  is  then  filled  with  molten  fat  «o 
that  this  material  reaches  the  top  of  the  second  tube.  There  remains  thus  a  tm9 
space  between  tlie  fat  and  tlie  lid  of  tlie  second  vessel,  which  apace  is  termed  by  tJia 
patentees  chambre  d^ejrpaniiont  expansion  room.     Heat  being  applied  to  tlio  generator. 
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the  steam  formed  is  carried  by  the  second  lube  into  the  expansion  room,  and 
becoming  condensed  forces  it  way  downwards  throngli  tlie  specifically  lighter  fat 
and  flows  thron^di  the  iirst  tube  again  into  tJie  generator.  In  this  manner  the 
neutral  fat  13  intimately  mixed  at  a  high  temperature  and  under  hijijh  pressure  with 
water,  and  completely  dissociated  in  a  short  time  into  faltj  acid  and  glycerine. 

ai*narttetur«^fF»tty»Acid4       \.  AlMcd  to  tho  prooeBs  just  deBcribed  is  the  operiitioB  carried 
'''8S:rimi«X?q21*m     f*n   V   the   well-known    Prioe^s    Cftodle    Company.    Limited,  at 
nutiiintiaa.  BfttterBeft*    Gny-LusaiLO  and  DubninfDrat   have  already  tried    to 

apply  to  indfiBtriftl  piirpogeij  tho  fact  that  neutral  fats  are  diseoeiated  by  distillation, 
yielding  fatty  acida  ;  but  uotwithBtanding  that  these  na^anU  employed  steam,  the  results 
obtained  did  not  answer  the  expectation,  because  a  portion  of  the  fatty  matter  was 
decomposed,  yielding  aoroleinc  and  lettviiiR  a  oarbonaceous  rcBidue.  Wilson  and  Owynno 
were  more  suceesBful  with  their  experimeiitfl,  and  by  using  a  distilling  apparatus  similar 
to  that  deseritK>d  on  p.  625.  they  obtained  by  means  of  superheated  steam  the  complete 
dissociation  of  the  neutnil  fats  into  fatty  acids  and  glycerine ;  while  by  closely  watching 
and  regulating  the  temperature,  they  not  only  could  completely  saponify  the  neutral  fats, 
but  also  distil  the  fatty  a^ids  and  glycerine  over  without  undergoing  any  decomposition. 

Tho  retortB  have  a  cubic  capacity  of  60  hcctolitrea,  and  are  heated  by  direct  fire  to  ft 
temperature  of  290"  to  315°.  A  mallDoble  iron  steam-pipe  conveys  steam  at  a  tempe- 
rature of  315°  into  the  molten  fatty  matter.  The  iidmisBion  of  steam  is  continued  for 
twenty-four  to  thirty-six  hours  according  to  tho  kind  of  fat.  The  saponification  proceeds 
regularly  and  the  products  distil  over  and  are  collteted  at  the  lower  apcrtm'e  of  the 
oooliiig  appm*atue.  The  fatty  adds  are  at  c»nco  tit  for  cmidle  making?  purposes,  while  the 
glyoerlne  is  purified  by  a  fiubaequent  distillation  with  stc  am*  Ab  already  mentioned,  the 
proper  temperature  has  to  be  scrupulouely  maintained,  for  if  the  temperature  falls  below 
310%  the  saponifieation  proceeds  very  slowly;  but  if  tho  temperature  rises  much  above 
that  degree,  a  portion  of  the  fatty  substance  is  decomposed  and  aeroleine  is  formed  in 
large  quantity, 

candtoiciJiiii^.  B.  TJie  wick  is  a  very  important  portion  of  stearine  candles,  and, 
indeed,  of  all  kinds  of  candles,  because  in  the  intersLicea  of  tlie  wick  the  molten  fatty 
mutter  of  the  candle  is  drav^Ti  upwards  to  tlie  flame.  The  wiek  ought  therefore  to 
consist  of  porous  substances,  and  in  the  case  of  candles — for  lamps  it  is  not  so  requi* 
gite — it  sliould  be  combustible. 

It  is  essential  that  the  wick  be  of  uniform  tliickuess  through  its  entire  lengtli  and 
free  from  knots  or  loose  threads.  The  yam  (U*dinarily  used  for  maldng  wicks  is  tlie 
lightly-twisted  cotton  thread  known  in  llie  trade  us  No.  16  to  20  for  taOow  candles, 
and  No,  30  to  40  for  stearine  candles.  It  is  evident  Ihot  the  more  uniform  the  wicks 
the  better  fitted  they  are  for  capillary  action,  and  hence,  provided  tlm  illuminating 
material  be  pure  enough,  a  uniform  combustion.  Formerly  the  wicks  were  always 
twisted,  and  for  tallow  and  wax  candles  this  is  still  frequently  the  case,  the  single 
threads  being  placed  next  to  each  otlier  and  tlien  turned  so  u^  to  form  a  very  elon- 
gated spiral,  lu  order  to  obviate  lli^  snuiliiif;  of  the  burning  candles,  Com- 
^ccres  introduced  the  plaited  wicks*  which,  while  burning*  become  so  twisted  that 
the  end  of  the  portion  of  Uie  wick  which  protrudes  from  the  tallow  or  stearine  is  kept 
just  outside  tlie  flame,  so  tliat  it  may  be  consumed  to  asli  by  the  ambient  air. 
Before  the  wick  can  be  used  in  candles  it  lias  to  be  prepared,  because  unprepared 
wick  leaves  by  its  incomplete  combustion  a  considerable  quantity  of  a  carhonaceooi 
residue  wliich  gieotly  impairs  the  capillary  action.  When  stearine  candles  were 
first  ma»]e  it  became  necessary  to  impreguatti  wicks  witli  substances  which  should 
promote  the  combustion,  and  De  Milly  found  (1830)  that  boracic  and  phosphoric 

cids  would  answer  this  purpose,  because  these  acids,  while  combining  with  the 
Qstiluents  of  tho  ash  of  the  wick,  caused  the  ash  to  form  at  tlie  top  of  the  burning 

ick  a  glass  bead,  which  by  its  weight  turned  the  wick  out  of  llie  ^m^,  Uiereby 
increasing  the  combustihility.     In  die   French  candle   factories   the    wicks   to  be 
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prepared  arc  put  for  tliree  cotisecntive  hours  into  a  solution  of  i  Itilo.  of  boracic  i 
in  50  litres  of  water.  The  previously  plmted  wit'lts  are  next  eitiier  wmng  oat  or  put 
into  a  centrifugal  inachiiLC  to  get  rid  of  the  hrst  excess  of  moisture,  after  which  they 
are  dried  by  being  placed  in  a  aeketted  tinnediron  box,  which  is  heiited  by  means  ol 
aieiun.  Soma  alcohol  should  be  added  to  tlie  aqueous  solution  for  the  purpose  ol 
wetting  the  wicks  more  perfectly.  Payen  recominejids  a  pickling  liquor  for  wicks» 
composed  of  a  solution  of  5  to  8  gnus,  of  boraeic  acid  in  i  litre  uf  water,  to  wliieh 
3  to  5  per  milleof  sulphuric  acid  is  added.  In  some  Austrian  stearine  candle  fa4* tori es 
Xdiosplmte  of  ammonia  is  used  to  inipregnalo  the  wicks;  while  Dr.  Bolley  cjills 
attention  to  the  use  of  a  solution  of  sal-anunouiac  at  2^  to  3"^  B.  as  a  cheap  pickling 
for  wicks. 

Moaiainff  (ho  candiM.  Tho  blocks  cr  cakes  of  stearic  acid  obtained  as  dcBcribed  art  not 
Buf^cictitly  pure  for  moulding.  Tho  edges  of  the  bloc^ks  are  often  more  or  less  odoarecl 
and  Hoft,  owitif?  to  some  oleio  acid  not  huvLtig  been  pressed  out,  while  the  surface  of  the 
blocks  itt  coutiiniinaied  with  oxide  of  trou  ikud  the  bnir  of  the  press-bags.  In  order  to 
parity  the  blocks  or  cakes  (in  this  country  tbty*  fro^iuently  weigh  from  1 1  to  3  owts,}  the 
edgeis  are  pared  off  and  the  surface  is  scraped,  the  refuse  so  obtniued  being  again  sub- 
mitted to  hot-pressing.  The  blocks  thus  treiitcd  arc  next  put  into  tubs  lined  with  lead, 
and  dihite  sulphuric  acid  of  3"  B»  =  1*020  hp.  gr.  havmgbeen  poured  over  tbem,  the  fluid 
U  heated  by  means  of  steam,  the  aim  of  this  operation  being  to  remove  oxide  *  f  ^r-.n  nn^ 
destroy  tho  fibres  of  the  press-bag,  and  not,  as  is  Bomelimes  stated,  to  deocmi  t 

traces  of  stearate  of  Ume,  which  of  course  cannot  be  present.  When  the  h- 
Bulphunc  acid  hns  been  continued  for  a  sufficient  time,  it  is  run  ofl  and  the  la^t  truvt  oi 
the  noid  removed  by  wnehing  the  stearic  acid,  of  course  again  molttn,  with  boiling  wutcr. 
The  molten  Etearic  aeid  is  then  clarified  by  mcnne  of  a  certain  quantity  of  white  ol  ci;:g, 
which  is  thoroyghly  stirred  through  the  molten  nmss  heated  toth*!  boihii^' -point  of  the  wster 
mixed  with  it,  The  impurities  which  become  mixed  and  incorporated  with  the  whit**  .i^ 
egg  settle  at  the  botk»m  of  the  Tessel.  The  grent  tendency  of  the  etcaric  acid  to  cr 
liee  in  large  fciliated  crystals  caused  at  tho  commencement  of  the  steariue-enndle  nji 
buBine^s  a  diJleulty,  candies  of  unequal  transparency  aa  wall  as  of  great  brittleness  b^iii 
obtained.  The  defect  w&f;  remedied  by  the  addition  of  a  small  quantity  of  arsenious  aci4 
but  a.^  thi«  proved  detrinicntal  to  health  (iirfieniuretted  hydrogen  as  well  as  seme  arsemon 
mnd  \mt]ii  ev<ilved  during  tho  burning  of  such  candles),  the  use  of  this  acid  was  abroi 
prtihibited  by  law.  und  in  England  e«ndenmed  by  public  opinion.  Instead  uf  the  use 
arsenious  acid,  mmie  2  to  6  per  cent  of  white  wax  has  been  added  to  the  stearic  ac 
while  molten,  continually  stirring  nntil  nearly  BoUdified  previous  to  pouring  the  stear 
acid  into  the  candle-mfinlde  previously  heated  to  the  melting-point  of  the  stearine 
By  the  cooling  and  stirring  a  kind  of  fluid-fat  paste  was  obtained  which  does  not  oiyi 
tallisc-  Now  some  20  per  cent  of  paraflin  is  ailded  to  the  stearic  acid^  and  its  tendency  1 
crystallise  altogether  stis^ieiidcd. 

The  candle -moulds  are  made  id  an  alloy  of  tin  and  lead»  usually  cDnsifiting  of 
of  tin  to  10  of  lead.  The  moulds  are  narrow,  somewhat  corneal  tubes,  high' 
hiternally  in  order  to  impart  a  smooth  surface  to  the  condk-s.  The  wick  is  ii 
loDgitudinal  axis  of  the  moulds,  being  fastened  at  one  end  (the  top  of  the  finishtd  viUid 
in  a  fnmll  hole  nt  the  bottom  of  the  niouM«  and  at  the  other  end  fastened  to  a  funnel,  throuq 
vhioh  the  fatty  acid  is  poured  into  the  mould.  The  shape  of  the  moulds  u^-d  in  tb 
French  steaiiae  candle  works  ifi  exhihitt'd  in  Fig.  369.  a  is  a  mould  con^sting  of  tw 
parts,  viz.,  the  mould  proper  mid  the  fimneh  b  exhibits  these  two  parts  fitted  tugetherJ 
and  e  a  Icngitudfnal  section  with  the  wick  inserted,  while  d  is  the  wire  hook  with  whiclr 
the  wick  is  passed  through  the  niould.  For  the  moulds  now  generally  n^ed  one  moulding- 
ba^^in  or  box  is  employed  to  contain  thirty  moulds.  This  basin  or  moulding^box  is 
exhibited  in  Fig.  270,  a  r»  is  a  large  shwt-iron  or  tinned  Imx  in  nhich  the  monldi  are 
placed.  This  box  is  fitted  into  another  of  similar  lihape,  n  t»,  whirh  by  means  of  steam 
kept  at  a  temperature  of  loo'-  As  soon  ns  the  moulds  are  heali  d  to  45%  the  1k»x  a  s> 
reiuoved  from  d  b,  and  the  molten  stearic  acid  is  poured  into  the  monlds.  "Ulien  thi 
moulds  and  the  candles  contained  have  become  quite  cold,  the  latter  are  removed.  No' 
moulding  machines  are  generally  employed^  eo  Hint  this  operation  is  performed  anini 
niptedly,  the  constraction  of  these  machijjes  being  such  thot  the  reeled  wick  is  dra^ 
through  the  monlds  iivrhilo  the  candles  remnin  joined  ttipether  by  a  short  piece  efwi  _ 
until  after  the  moulding  i^  complete,  the  candles  when  cold  being  taken  from  the  moulds 
and  tho  wicks  out  through  to  separate  them.  Cahouefs  and  Morgane's  machines  aft 
ehiefij  used. 
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Before  the  steariiie  cundJefl  are  pared  ami  pollehed  they  are  in  somG  works  bleaebod  by 
oemg  exposed  to  the  action  of  the  eun^s  raj^s  and  to  dew  in  open  air.  The  candies 
are  carrit'd  to  the  bletieh in g- ground  by  mechamca]  self-acting  means,  consisting  of  a  cloth 
without  end,  and  wbii'h  is  counect*^d  with  a  slightly  sloping  table,  upon  which  the  candiea 
are  placed,  and  caught  by  the  cloth,  which  is  fitted  with  a  series  of  rounded  wooden  lathe 
fastened  across  the  cloth,  whereby  the  candles  are  held  in  porition.  For  the  purpose  of 
exposing  the  candles  to  the  action  of  the  air  they  are  placed  on  a  frame- work  similar  to 
that  of  a  table,  uietead  of  the  top  of  which  are  stretched  two  textures  of  lead-wire,  each  of 
these  text  lire  a  in  a  hcirizontul  plane  distant  from  each  other  about  half  the  height  of  a 
candle«  The  meshes  of  the  upper  %ire  net  are  so  wide  that  a  candle  can  be  passed  through 
it,  while  the  meshes  of  the  lower  wire  net  are  narrower.  The  candlea  are  one  by  one  put 
into  the  meshes,  the  pointed  portions  of  the  candles  being  placed  upwards,  while  the  base 
rests  on  the  lower  wire  net-  In  this  position  the  caudles  are  left  for  some  time  according 
to  the  season  of  the  year.  .  When  bleache<I  the  candles  are  pared  and  poliehed  by 
modmieiy. 

Tan^w  Cten4i«i.  2.  Beflned,  purified  tallow  is  nFed  for  making  the  dip  as  well  as  the 
moulded  tallow  candles.  The  dips  are  made  by  the  repeated  immersion  of  the  wioks  in 
molten  tallow.  On  the  small  scale  this  operation  is  performed  in  the  following  manner : — 
The  taUow  trough  having  been  filled  with  molten  tallow,  the  wicks  looped  on  a  wooden  or 
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thin  iron  rod  are  immersed  in  the  tallow.  According  to  the  weight  it  is  desired  to  give  to 
the  candles,  from  sixteen  to  eighteen  wicks  are  looped  on  to  the  dipping-rod,  care  being 
taken  to  place  them  as  much  as  possible  equidistant  from  each  other ;  this  done  the  wicks 
are  dipped  vcrtjcally  into  the  molten  tallow.  At  the  first  dip,  when  the  wicks  are  to  be 
soaked,  the  molten  tallow  tho  tdd  be  hot,  because  hot  tallow  penetrates  more  readily  into 
the  in&tersticcB  of  the  cotton.  After  the  first  dip  the  dip-rcKls  are  placed  on  the  edge  of 
the  tallow  trough,  un<l  next  altenitttely  hung  over  the  dripping  frame  after  the  somewhat 
twisted  wicks  have  been  put  straight  ajjaiu.  The  dripping  frame  is  simply  a  wooden 
frame-work,  on  the  edgeg  of  which  the  (iipping-rods  resf,  while  the  wicks  are  suspended 
over  the  tallow  trough  or  another  suitable  vessel.  When  all  the  wicks  looped  on  to  the 
dipping-rods  have  received  their  fir^t  dip,  luid  the  tallow  in  the  trough  has  been  so  far 
(M70led  as  to  begin  to  exhibit  at  the  sidrs  at  the  vessel  t^igna  of  jioIiJification,  the  second 
dip  is  proceeded  with  and  the  operation  continued  until  tbf^  enndh  s  have  assumed  the 
desired  thicknt^ss.  As  the  lower  portii^n  of  the  candles  would  become  frequently  thicker 
than  the  upper,  this  defect  is  obviated  by  keeping  the  lower  end  of  the  candle  for  a 
moment  in  the  molten  tallow,  so  that  the  excesi^  udhering  to  the  candle  may  be  molten  oH 


I 


^ 


CHEMICAL  TECHNOLOGY, 


again*  In  orilcr  to  kopp  the  tallow  in  the  trough  at  a  unifomi  degree  of  liai*iity  it  iff 
now  and  then  stirred  with  a  wooden  rod.  At  the  last  dip  the  candles  are  pat  into  tht 
trough  at  n  somewhat  greater  depth  in  order  to  form  tbe  upper  conical  portion.  Tlie 
lower  end  of  tho  candles  cxhihits  a  non*symnietric&l  cone,  which  ia  either  cut  awrj  or 
rcinored  by  placing  the  cimdles  for  a  moment  on  a  copper  plate  heated  hy  steam  and 
provided  with  a  channel  for  running  off  the  molten  tallow. 

Moulded  tallow  candles  are  made  in  a  Bimilax  manner  to  stearine  candles.  The  t&Uow 
u»tMl  for  the  moulded  candles  is  usually  of  better  quality  than  that  uaed  for  dip  c&ndle«» 
at  least  on  the  continent  of  Europe ;  not  so  in  England  and  America,  where  yeiy  highly 
redned  tallow  is  used  for  dips  by  the  better  class  of  makers,  the  thus  refined  tallow  heing 
harder  rawing  to  the  mode  of  purifying.  What  are  termed  oomposite  candles  (onknoim 
oA  the  Continent)  are  made  by  precisely  tbe  same  method  as  the  moulded  eteaiine 
fjoudles,  the  wicka  also  bein^  pliiit€'d.  Moulded  tallow  CADdles  ha^e  been  entirely  enpcr- 
seded  by  composites,  excepting  that  in  Bome  of  the  central  parts  of  Europe,  locally 
moulded  tallow  candles  are  hero  and  there  made.  One  of  the  largest  London  ^ms  states 
that  the  manufacture  of  candles  (almost  all  moulded,  viz.,  composites,  ste 
paralHti,  ozokerite,  epermacetiK  for  exportation  from  this  country  to  all  parts 
tbe  world,  is  increasing  to  such  an  extent  that  the  caudle  mjiking  business  in  Bussjj 
Turkey,  Greece,  Italy,  Spain,  Portugal,  Sweden^  and  Korway,  is  becoming  rapid' 
extinct,  not  being  capable  to  compete  on  the  small  scale  with  the  large  makers  in  tli 
iHiuntry  and  in  France,  where,  howeyer,  the  lato  lamentable  events  have  very  ecnoasly 
interfered  with  this  branch  of  industry. 

Vknffln  cu)di<!4,       Parnfiln  ia  obtained  from  native  petroleum  \Tlangoon  oil)  or  from 

iimong  the  products  of  the  drj""  distillation  of  peat,  bro\\'n  cool,  lignite,  bituminous 

dates,  boghead  mineml  or  ozokerite  {a  ptjculiur  niiDcral,  wax-like,   and  yielding 

paraffin — it  occurs  in  Galicia  and  Bohemia  in  large  quantities)     It  is,  after  having 

beeu  purified,  the  substance  from  which  the  beautiful  paraflin  cnndlos  are  made  hjr 

precisely  the  same  methods  and  apparatus  as  are  used  and  have  been  described  for 

stearine  candles.     The  parailiu  employed  for  making    candles    is    ft    mixture    of 

paraffins  having  difierent  melting-points. 

Paraffin  obtained  from  boghead  coal  fuses  at         45  5'  to  52*. 

„  „    brown  coal 

„    peat 

„  «,  ..    Kangoon  oil  or  tar 

„  ,.  „     ozokerite 

As  tlio  German  paraffin  candle  makers  use  almost  exclusively  a  parahm  from 
brown  cool  (lignite),  and  peat,  and  of  a  comparatively  low  melting-point  (45°  to  53"). 
stearic  acid  is  added  for  tlie  puri>ose  of  raising  the  temperature  at  which  the 
paraffin  melts.  The  quantity  of  stearic  acid  (technicaliy  stearine)  added,  depends  lu 
much  upon  tlie  point  of  fusion  of  llio  paralhn  as  upon  tiie  season  of  tlie  yea 
Bummer  candles  being  made  with  a  larger  quantity  of  stearine  tlian  wititcr  candle 
Tlie  quiuility  of  stearine  thus  added  to  paraffin  amounts  tx>  3  to  15  per  cent,  wJiilc  as 
already  mentioned,  paraffin  to  on  amount  of  15  to  20  per  cent  is  added  to  stearine 
candles.  A  small  quantity  of  stearine  is  always  added  to  paraffin  candles  for  the 
purpose  of  preventing  these  candles  becoming  bent  while  standing  in  a  candlestick. 

The  first  paraffin  candles  ever  made  were  manufactured  by  Messrs.  Field,  of  Laiu 
belli,  from  paraffin  extracted  from  Irish  peat,  now  vcjy  many  years  ago,  long 
before  paraffin  was  seen  or  Ijno^^Ti  elsewhere  than  as  small  specimens  in  chemical 
laboratories.  Paraffin  candles  are  aliiv^ys  moulded,  and  tlie  moulds  are  heated 
to  above  the  melting  point  of  tlie  paraflin  (60"*,  or  better  even  70^).  in  order  to  pre- 
vent tlie  paraffin  crystallising.  Tlie  molten  paraffin  is  heated  to  about  6u'  when  it  is 
OO&t  into  the  moulds ;  these  when  well  fdled  are  left  standing  for  a  moment  and  tlien 
cooled  by  immersion  in  cold  water,  whereby  the  candles  suddenly  solidify,  and  ftr« 
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prevented  becoming  crj^stnlline  and  opaque,  insteail  of  transparent  as  desired, 
wicka  are  used  in  tlie  parjiflUi  caudles,  and  lliese  wiclts  are  treated  \nth 
boracic  acid.  For  black  paraffin  candles  the  paraffin  is  heated  to  nearly  its  boiling- 
point  witli  anaeardinni  eIk^IIs,  tlio  resin  of  which  is  dissolved  by  the  paraffiu, 
tlie  latter  becomin;^  verj'  diirk  brown,  and  exhibittng  after  cooling  s.  black  colour, 
siuiilar  to  tliat  of  cotils.  These  blaclf  candle>s  burn  without  smoke  or  smell,  provided 
the  wick  be  tliin  ;  this  is  a  requisite  in  all  paraffin  candles, 

c«odL^  irom  Fftttr  ji«id«,  \Vq  must  not  neglect  to  eall  atteutiou  here  to  a  fatty  ftcid. 
fiebacylio  acid*  CioHg04i  which  might  x>erliaps  be  naed  to  impart  tu  paraflin  and  other 
kinds  of  cfludles  a  higher  mt^ltiug -point.  This  acid  may  be  obtainod  by  the  dry  dUtiJln' 
tion  of  oleic  acid,  or  better  by  treating  castor  oil  with  n  hi^jhly  conecntrnted  catistic  aoda 
Bolation,  In  the  latter  instAirce,  the  sebiiuyUc  acid  U  derived  frcun  the  rioiuoleio  Aeid 
(castor  oil  is  iu  Latin  termed  Oleum  lUcini}  :— 

Sebaoylate  of  Boda.  C^oHtftNa^O^   =  246 
=  2q8^  .      -..    . .,. 

80 


Bieinoleic  acid,  GtgHj^O] 
Caustic  soda  solution,  iNaOH  = 


yield 


{  =  184  ffitty  ttcid») 
Caprylic  alcohol,  CjtHjsO 
Hydrogen »  H^ 


37« 


37» 


According  to  these  formula?,  100  parts  of  castor  oil  will  yield  rather  more  than  81  parts 
of  fatty  iiaid.  This  fatty  acid  is  nu  doubt  also  contained  in  the  products  of  the  distillation 
of  the  fatty  substauces  formed  by  snlphiuic  acid,  the  sebacylic  add  being  then  derived  from 
oU^ic  acid.  The  high  m<?Uingpoiiit  (127^)  of  sebacylic  acid  and  its  ready  combustibility 
render  this  body  a  very  fit  material  for  buing  mixed  with  readily  fusible  caudle  materiali?, 
and  especially  with  parodBn  of  low  fusion-point  (45^).  Moreover^  this  acid  will  impart  to 
the  candles  hardness  and  gloss.  As  this  acid  fnnher  also  prevents  the  crystallisation  of 
fitearic  acid»  it  might  bo  usefully  added  to  such  fatty  substances  as  have  a  great  tendency 
to  cryntallise ;  an  addition  of  i  to  5  per  cent  of  sebacyliG  acid  to  the  candle  materials, 
renders  them  as  hard  as  wax.  The  simultaueous  formation  of  caprjlio  alcohol,  which 
can  be  used  for  varnish  and  lacquer  making,  enhances  the  industriar  value  of  sebacylic 
acid ;  still  castor  oil  is  too  expeoRiTC  for  this  pm^jose,  but  the  puHlication  of  sebacylic 
acid,  obtained  no  matter  from  what  sourcei  is  not  easy,  requiring  manipulationa  which  on 
the  large  scale  would  become  expensive. 

wwCftndioi.  4.  Wax,  or  more  particularly  bees'- wax.  is  a  fatty  Bubstance  secreted 
by  the  beesr^  and  employed  by  tliem  for  the  purpose  of  building  the  ceUs  in  which 
they  preserve  the  honey.  According  to  the  researches  of  J.  Hunter  and  F.  Hubner, 
it  is  now  generally  admitted  that  the  wax-containing  particles  gatliered  by  the  bees 
from  flowers  are  used  exclusively  as  food  for  the  young  brood,  while  the  wax  is  a 
product  of  the  animal  organism  of  the  bees,  and  a  conversion  product  of  sugar.  In 
order  to  obtain  the  wax  the  bees  are  either  Idlled  or  forced  from  their  dwelling  by 
smoke,  after  which  the  houey-eonlaining  cells  or  honeycombs  are  taken  from  the 
hive,  and  the  honey  eliminiUed  by  pressure,  or  by  being  allowed  to  How  out  sponta- 
ncously.  By  washing  in  hot  water  the  wax  is  purified,  and  on  cooling,  tlie  cakea  of 
yellow  wax  are  obtained,  the  outer  dirty  crust  having  been  renioved  by  scraping.  The 
crude  wax  thus  obtained  exhibils  a  more  or  loss  yellow  colour,  is  soft  and  readily 
kneaded  at  the  ordinary^  tempL'rature  of  tlie  air,  but  becomes  brittle  at  a  lower  tem- 
perature;  Ur  fracture  is  granuhir;  specilic  gruYily  varies  between  0*962  and  0^967  ; 
usion-poiut  between  60''  and  6J^  Wbilo  the  grannlar  texture  of  Iho  yellow  wax  is 
rdne  to  the  impurities  it  contain.^,  it  is  for  that  rciLson  as  weU  as  for  its  unsightly 
colotir,  not  suited  for  candle -making,  and  has  tlierefore  to  undergo  bleaching.  Thi? 
is  performed  in  the  following  manner ; — ^First.  tho  yellow  wax  is  put  into  a  tinnett 
copper  cauldron  lillcd  with  boiling  water,  to  which  is  added  025  per  cent  of  alum,  or 
cream  of  tartar,  or  sulphurii^  acid,  and  this  mixture  thoroughly  stin'ed.  After  a  few 
minutes  tlie  liquid  is  run  olf  into  a  tub  or  cask,  the  impurities  are  left  to  settle,  whik 
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die  wax  is  prevented  from  solidifjing  by  covering  tlie  tub  ivith  a  lid,  and  wrappiuj? 
it  up  in  a  woollen  blanket.  Next  Oie  wax  is  converted  into  tiuix  ribbo»  bj  means  of 
machinery,  in  order  to  increase  tlio  surface  and  facilitate  the  bleaching  action  of  tli€ 
air  and  hght.  The  ribbons  arc  placed  on  pieces  of  canvas  stretched  in  frames,  and 
these  are  plin^ed  on  meadows  or  grass-plots  exposed  to  the  action  of  the  sun  and  air, 
and  left  until  the  coloar  has  disappearetl.  In  order  to  bleach  the  interior,  the 
ribbons  are  again  molten  and  again  converted  into  ribbons,  and  this  operation 
repeated  until  tlie  wax  is  thoroughly  bleached.  The  bleaching  talcea,  according  tc 
drcumstanees,  the  state  of  Uie  weather  and  tlie  kind  of  tlie  wax  operated  upon,  from 
twenty  to  thirty-five  days,  for  completion.  TJie  loss  of  weight  of  wax  incurred 
amounts  to  3  to  lo  per  cent.  The  bleached  wax  is  molten  again,  passed  tliroug 
strainers,  and  then  moulded  into  large  square  cukes  or  thin  circular  tablets, 
regards  the  bleaching  of  wax  by  artilicial  means  (chemical  bleaching)  many 
suggestions  have  been  made,  but  in  practice  these  leave  much  to  be  desired.  The 
application  of  chlorine  and  blcacliing  pewder  has  tlie  disadvantage  that  solid  and 
very  brittle  chlorinated  products  are  formed^  and  by  remaining  mixed  with  the  wax 
impair  its  combustivc  quality,  and  cause  candles  made  of  such  wax  to  give  off  hydro- 
chloric acid.  Tlie  process  of  bleaching  wax,  patented  in  1859  by  Arthur  Smith,  by 
llie  use  of  bichromate  of  potasli  and  moderiktely  ddute  sulphuric  acid,  answers  very 
;vell  in  practice ;  the  bleaching  is  performed  in  a  few  hours,  and  wax  by  this  plan  i 
bleached  and  purified  as  perfectly  as  by  exposure  to  air  and  light ;  but  the  toughne 
i)f  the  wax  is  somewhat  impaired,  so  that  it  is  not  suitable  for  such  purposes  as 
modelling,  flower-making,  &c-  In  reference  to  the  chemical  properties  of  wax,  John 
first  found  wax  to  be  a  mixture  of  two  substances  diiTcring  from  each  other  by  tJieii 
sohibility  in  alcohol ;  one  of  these  substanceSf  soluble  in  boiling  alcohol,  is  cer 
acid,  Ci7Hj402  (formerly  known  as  cerin) :  the  other  sparingly  soluble  in  alcohol  3 
known  as  myrkin,  and  consists,  according  to  Brodie,  of  palmitate  of  myricile, 
C^&HgjOa  =  CjoIIst^C-oH^iiOa.  In  addition  to  these  bodies  wax  contains  4  to  5  per 
cent  of  a  substance  fusing  at  28°  and  ininied  cerolein,  to  which  is  due  the  solidity 
of  wax.  The  relative  proportions  of  eerotic  acid  and  myricin  present  in  bees' -wax 
vary  considerably,  and  this  variation  is  the  cause  of  the  alteration  of  the  fusion - 
point  obser\'ed  in  different  kinds  of  wax, 

oihtt  kiaiii  6«  wwt,  I ,  Among  the  more  or  less  wax-like  substances  are  tlie  following ; — 
Chinese  wax,  imported  in  large  quantity  from  China,  is  derived  from  a  peculiar  kind 
of  coccus  insect,  known  entomologically  as  tlie  Coccus  arifiTUS,  which  dwoUs  on 
certain  trees,  more  especially  the  Bhu»  ntceetJaHCfK  uiH>n  which  it  deposits  a  wax -like 
substance,  in  its  physical  appearance  very  similar  to  spermaceti.  Tiiis  quasi* wax 
is  snow-white,  crystalline,  brittle,  fibrous,  and  fuses  at  82'.  When  submitted  to  dry 
(listillation  it  yields  cerolic  acid  and  cerolen,  a  paraffin-like  body.  According 
to  Brodie,  Chinese  wax  consists  of  cerotate  of  ceiyl,  Cj^HjogOa  =  Cst^HjjfC^-HjilOa. 
2,  Andaquies  wax,  the  product  of  an  insect  met  with  in  the  regions  watered  by  the 
Orinoko  and  Anmzon  rivers,  fuses  at  77^  has  a  sp.  gr,  of  0917,  and  appears  to  be 
bimilar  in  comimsition  to  bees*-wax-  3,  Jai)ancse  or  Araerican  wax,  met  witli  in  tJie 
trade  in  round  concavo-convex  cakes,  covered  with  a  whitifeh  dust.  This  soft  brittle 
material  fuses  at  42 ■,  is  soluble  in  boiling  alcohol,  and  is  said  to  consist  of  palmiline, 
4.  Camauba  wax.  imported  from  llio  de  Janeiro,  is  said  to  be  the  outer  coating  uf 
ihd  leaves  of  a  kind  of  palm  tree  named  Hie  Kopernicia  irrifWn ;  it  fnses  at  835% 
and  is  used  on  account  of  its  high  fusion -point  to  improve  candle-making  materials 
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of  low  fusion -point.  5.  Palm  wax,  obtained  from  Uie  bark  of  tlie  Ctroxyhn 
andicola,  a  palm -tree  met  with  on  tlie  Idgher  peakg  of  tlie  Cordilleras.  The  wax  19 
Bcraped  from  ilio  bark,  and  tlio  scrapLags  are  boiled  ivitli  water,  and  the  wax  thuis 
molten  is  'Collected  from  the  surface  of  the  liquid*  in  which  the  impurities  remain. 
This  kind  of  wax  fuses  at  83°— S6\  and  is  very  likely  identical  with  the  Camauba 
wax.  6.  The  Myrica  wax»  from  the  Myrica  cerifera,  is  obtained  by  boiling  the 
fruit  of  the  plant  with  water.  It  is  imported  from  some  of  the  Southern  Stiites  of 
the  Union.  The  variety  of  this  wax  known  as  Oxiuba  wax  is  obtained  from  tJie 
^ame  plant  and  in  the  same  manner,  in  the  disti-ict  of  Pant,  Brazil,  along  the  banks 
of  the  Amazon  river.  This  wax  bus  an  olive-green  colour,  and  fuses  at  36*  to  48^*. 
It  is  used  in  America  for  making  candles.  We  may  add  here  that  of  all  countries  in 
Europe*  if  not  in  the  world,  Corsica  produces  tlie  largest  quantity  of  wax.  In 
ancient  as  well  as  medieval  times,  the  inhabitants  paid  their  taxes  in  wax,  and 
supplied  200,000  lbs.  annually.  Since  wax  is  to  honey  in  quantity  oa  i  to  15, 
the  Coraicons  must  have  gathered  3.000,000  lbs.  of  honey. 

Thm  M«ktof  oi  w«  condiM.  Wax  eandles  are  most  frequently  made  by  pouring  the  molten 
»fax  on  to  the  wicks.  For  this  purpose  the  wicks  are  hung  upon  frames  and  covered  with 
metal  tags  at  the  ends  to  keep  the  wax  from  covering  the  cotton  in  those  pljiccs ;  these 
frames  ALre  carried  to  a  heater^  whore  the  wax  is  melted.  The  frames  can  turu  roujid^  and 
as  they  tarn  a  man  takes  a  vessel  of  wax  and  pours  it  first  down  one»  nnd  then  the  oexl, 
and  sa  on.  When  he  has  gone  onod  round,  if  the  wax  ia  sufficiently  cooled  ho  gives 
the  first  wick  a  second  coat,  then  the  third,  dtc,  until  they  are  all  of  the  required  thick- 
ness. The  candles  are  now  rolled  on  a  marble  slab  or  wooden  board  lor  the  purpose  of 
imparting  the  proper  shape.  The  conical  top  is  moulded  by  properly  ehaped  tuhep,  and 
the  bottoms  are  cut  off  and  trimmed.  The  moulding  of  wax  canill*?8  is  now  rarely  if  ever 
performed,  but  if  executed,  it  ia  done  in  precisely  the  same  manner  ag  described  for 
stejirino  and  paraffin  candles.  Wax,  howoTcr,  is  not  a  very  suitable  material  for  niouhling, 
ill  consequence  of  its  Bhrinking  on  cooling,  as  well  as  its  pertinacious  adhej*enec  tit 
tJie  mottlds.  The  wick  for  moulded  wax  candles  must  he  previouj*ly  soaked  with  wui  in 
order  to  preTcnt  the  candles  becoming  as  it  is  termed  honey-combed.  The  wax  ia  molten 
on  a  water-bath,  and  glass  moulds  are  used  in  preference  Iq  metal  ones,  as  well  for 
the  smooth  surface  gloss  imparts  as  for  the  more  ready  removal  of  the  candles  when  cojd. 
In  order  to  prevent  tbe  breaking  of  the  glass  monlda,  they  are  covered  with  gutta-pexcha. 
The  largo  sized  altar  cacdles,  which  often  weigh  from  15  to  20  kilos.,  are  not  made 
Ly  either  of  tho  two  methods  descrilied,  but  by  hand,  Tbe  wick,  partly  made  of  Hucn, 
partly  of  cotton  yorn^  is  first  aooked  with  wax,  or  covered  with  that  material  eut  Uito  long 
strips,  rendered  soft  and  kneadable  by  the  aid  of  warm  water,  nnd  next  made  up  to  the 
required  thickness  by  roUing  on  more  wax;  or  a  quantity  of  wax  Ib  roUed  by  hand  intcj 
the  required  ahayie,  and  the  wick  inserted  by  cutting  a  longitudinal  channd  in  the  mass  of 
wax  into  which  the  wick  is  placed.  The  channel  is  filled  np  with  wax  and  the  candlo 
finished  by  roUing.  Very  recently  (1870)  Messrs.  Kiess  have  constmcteil  a  pre^s  for 
making  wax  candles.  The  arrangement  of  this  machine  seems  to  bo  somewljat  ^iinilar  to 
the  press  used  for  making  continuous  lengths  of  lead  and  blot^k-tin  pipes.  This  wax 
enndle  press  hi  heated  by  steam  so  as  to  render  the  wax  soft*  The  wick  is  inserted  into 
the  wax  in  such  a  manner  that  it  is  concentrically  surrounded  with  wax  when  ejected 
from  the  (.pout  of  the  cylinder  of  the  press,  thus  forming  a  eontinuous  caudle^  which  ifi 
cut  up  into  leugthE. 

The  WAX  tapers  of  various  thickness  are  made  by  a  method  of  which  the  following  is 
tu  outline : — In  the  first  place,  these  tapers  are  not  made  of  pure  wax,  but  of  wax  and 
tallow  mixed,  in  order  to  impart  flexibility;  while  for  coloured  wax  resiti  and  turpentine 
are  added  to  the  tallow.  Tho  wick  of  the  tiipers  should  bo  very  uniform,  urd  the  strandH 
of  yarn  intended  for  this  purpose  are  reeled  on  a  cylinder  or  drum  placed  at  one  eudof  the 
workshop,  while  at  the  other  end  is  placed  a  similar  drum.  Between  these  druma  is  placed  u 
t^hallow  copper  pan,  which  can  be  kept  warm  by  means  either  of  ^team  or  a  cbaroool  lire. 
This  vessel  is  filled  with  the  molten  wax,  and  provided  with  a  book  at  the  bottom,  below 
or  through  tbe  opening  of  which  the  wick  ia  drawn.  At  tbe  edge  of  the  pan  a  draw-iron 
IS  fixed,  provided  with  circnlar,  soraewhat  conical,  apertures  of  different  size,  arranged 
in  the  same  way  as  those  described  (see  p.  25)  for  wire -drawing.  The  wick'  is  drawii 
through  the  w^ax,  put  under  the  hook,  and  throngh  the  aperture  of  the  drawing-iron  aud 
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next  reded  on  tho  other  cylinder  or  dtxim,  which  is  very  alowly  tiumed  roand  in  order  tc 
give  the  Wftx  time  to  solidify.  When  all  tho  wiok  ha»  been  thus  coated  with  wax» 
tho  taper  is,  when  required  to  bo  mndered  tliicker,  dn^^^^l  a  second,  &nil  even  a  third  and 
luurth,  time  through  tho  wax,  and  a  hir)^er-siz<Mi  iip^rture  of  the  drawing -iron.  The  end- 
leas  taper  thus  formed  is  out  up  into  the  requiaite  lengths. 

Bees*. wax  is  used  for  many  minor  purposes,  as  is  well  known.  Amongst  them,  as  of 
interest,  may  he  noted  its  selection  by  the  British  OoTumment  for  a  lubricttting  material 
for  small-arm  cartridges  and  ali^^o  for  breeeh-loiiding  cannon.  This  is  due  partly  to  its 
power  of  resisting  oxidation ,  and  its  consequent  freedom  from  corrofiive  action  upon 
metal  surfaces  (lead,  Ac),  and  partly  to  its  peculiar  action  ivs  a  lubricating  material,  by 
producing  an  extremely  smooth  surface  npqu  tho  bore  of  the  arm  as  it  is  f>wept  through 
upon  the  difiobarge.  It  also  prevents  particles  of  puper  or  powder  residue  from  attadiing 
themselves  to  the  metal,  and  thus  is  the  best  anti-fouliug  agent  known. 

SiJcrm^orjjjjOTiaceu  Spcrmacoti  is  the  solid  portion  of  the  oil  of  the  sperm  whale, 
Physt'Ur  maeroaphalas^  a  cetacean  belonging  to  the  mammalia,  and  living  in  some  of 
the  seas  of  tlie  soutliem  hemisphere  of  our  globe.  The  spermaceti  is  obluined  itam 
the  oil  by  filtration,  and  is  sabseqwenlly  luirdened  and  whitened  by  x>J*esstire,  and 
refining  with  a  weak  alkaline  ley.  In  some  cases  a  very  large  and  full-grown  sperm 
whale  may  yield  loo  cwts.  of  sperm  oil,  containing  from  30  to  60  cwts.  of  spermftceti. 
This  material  as  met  with  in  commerce  is  a  white,  mother-of-pearl  like,  glosay, 
foliated,  cr)\stalline,  semi-transparent  substance,  fatty,  and  lubricating  to  the  toocli, 
of  sp.  gr.  =  0943,  fusing  at  43%  and  distilling  tiuidtered  at  3Cm:»^  It  is  soluble  in 
about  30  parts  of  boiling  alcohol,  becomes  jellow  by  exposure  to  air,  and  may  Lm* 
pulverised.  According  to  Mr.  SmiQi  and  Dr.  Stenliouse,  spermaceti  consists  of  pal* 
mitate  of  cetyl,  €34116402  =  Ci(,ii^t{^i{B.^^)0^\  but  according  to  Heintz  (iS5i),sj 
maceti  is  a  combination  of  cctyl  with  sftenric,  palmitic,  myristic,  cocinic»  and 
cetinic  acid.'j.  Spermaceti  candles  are  made  extensively,  if  not  exclusively,  in 
England,  where  Ihcy  were  first  manufactured  about  1770,  These  candies  have 
always  been  greatly  prized  for  tlieir  transparent  whiteness,  high  illuminating  power* 
and  regular  burning;  and  notwithstiuiding  their  costliness,  are  largely  used  and 
exported  to  British  India.  In  order  to  check  the  great  tendency  of  spemii 
to  crystallise,  5  lo  10  per  cent  of  white  wax  or  a  little  paraffin  is  added  to  tlte  fu; 
mass  intended  to  be  moulded  into  candles,  by  a  process  exactly  similar  to  that 
already  described  for  stearine  candles. 

Q^,  _         (OH 

otyeflrio*.        Glycerine,  CjHgOj  (aa  triatomic  alcohol,       ^»^^  ^ 


3-Mo,„rC,H,  JOH), 


is  present  in  tlie  shai>e  of  glycerides  in  combination  with  soUd  and  f!uid  fatty  acid 
to  an  amount  of  8  to  9  per  cent,  mid  may  bo  separated  by  treatment  with  basea 
(potasli,  Boda,  lime,  barjta,  oxide  of  lead;,  or  with  acids  (sulphuric  acid),  and  certain 
chlorides  (chloride  of  zinc),  also  by  means  of  superheated  steam,  or  very  hot  water 
without  the  formation  of  steam,  in  closed  vessds.  Glycerine  is  also  formed  as  a  con- 
stant product  by  the  alcohulie  fermentution  of  dextrose,  Icvulose,  and  lactose.  Accord- 
ing to  Pasteur's  researches,  the  quantity  of  glycerine  thus  formed  amounts  to  abau 
3  per  cent  of  the  weight  of  the  sugar.  Glycerine  was  first  discovered  by  Schecli 
whilst  engaged  in  preparing  lead  plaster.  Industrially,  glyeeiino  has  been  used  for 
only  twenty-Jive  years,  in  consequence  of  tlie  lai*ge  quantity  of  glycerine  obtained  \ 
a  by- product  in  die  juanufacturc  of  soap  as  well  as  of  stearine  candles,  llie  vina 
of  tlie  potnio,  and  molas*es  from  beet^root  sugar  distiDation.  and  likewise  Ihe^ 
residue  of  the  distillalioa  of  wine,  vinasse  proper,  as  carried  on  in  th<^  Sontli  ol 
J**nuioe,  cootnin  large  quantities  of  glycerine. 
Ai  regards  the  prLq)ar:ittt>n  of  glycerine  on  the  large  scale,  it  is  mainly  a  qtiestio 
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of  porificatiou  of  tlic  glycerine  obtained  in  the  industrial  preparation  of  tlie  stearic 
acid  from  neutral  fats  above  described.  When  the  lime  saponification  process  is 
used,  the  glycerine  remains  dissolved  in  the  water  after  the  separation  of  tlie  in- 
-soluble  lime-soap.  The  lime  also  dissolved  having  been  eliminated  by  either  sulphuric 
or  preferably  oxalic  acid,  the  evaporation  of  the  liquid  to  the  consistency  of  a  syrup 
will  yield  a  glycerine  pure  enough  for  many  technical  purposes.  Wiien  the  decom- 
position, or  rather  dissociation,  of  the  neutral  fats  is  effected  by  means  of  superheated 
steam,  the  glycerine  and  fatty  acids  (see  p.  634)  are  both  obtained  in  pure  state,  pro- 
vided the  heat  be  kept  at  or  below  310**,  because  otherwise  a  portion  of  the  glycerine 
is  decomposed  with  evolution  of  vapours  of  acroleine.  The  fact  that,  when  fats  are 
saponified  with  sulphuric  acid,  tlie  sulpho-glyceric  acid  in  aqueous  solution  yields 
readily  by  evaporation  glycerine  and  sulphuric  acid,  may  be  applied  for  the  prepara- 
tion of  glycerine.  The  soap  boiler's  mother-liquor,  now  the  most  important  source 
of  crude  glycerine,  may  be  made  available  for  its  production,  according  to  Reynold's 
patent,  in  the  following  manner : — The  motlier-liquor  is  first  concentrated  by  evapo- 
ration ;  the  saline  matter  which  is  thereby  gradually  separated  being  removed  from 
time  to  time.  When  the  fluid  is  suiB&ciently  concentrated — ascertained  by  the  boiling- 
point  having  risen  to  116° — it  is  transferred  to  a  still,  and  the  glycerine  distilled  off 
by  means  of  superheated  steam  carried  into  the  still.  The  distillate  is  next  conccu< 
trated  and  brought  to  the  consistency  of  a  syrup  in  a  vacuum  pan. 

According  to  the  researches  of  A.  Metz  (1870) : — 

A  sp.  gr.  (at  17*5°)  of  1*261  corresponds  to  100  per  cent  of  anliydrous  glycerine. 
f»  ,♦  1*240        „        „  94 

,.  1232         „        „  90 

„  „  I '206  .,  „  80 

H  M  1*179       M       -        70  .. 

f  M  II53        ».        »•  60 

,.     II25   „   „   50 

1117  -  -  45 

1*099  »•  -  40 

1073  „  „  30 

>,  1*048  .,  ,.  20  „ 

>.  1024  „  „  10  „ 

Glycerine  has  become  largely  employed  owing  to  its  oily  consistency,  also  to  the 
fact  that  at  ordinary  temperatures  it  is  fluid,  and  does  not  freeze  when  quite  concen- 
trated even  at  —  40"  ;♦  further  to  its  stability,  its  pleasant  sweet  taste  when  quite 
pure,  its  harmlessness,  its  great  solvent  power  for  many  substances,  and,  lastly,  to 
its  low  price. 

Among  the  many  applications  of  glycerine  are  the  following : — For  keeping  clay  moist 
for  modelling  purposes;  for  preventing  mustard  from  drj'ing  up;  for  keeping  snuff 
damp  ;  preserving  fruit ;  sweetenuig  liqueurs ;  and  for  the  same  purpose  for  wine,  beer, 
and  malt  extracts.  Glycerine  is  also  useful  as  a  lubricating  material  for  some  kinds  of 
machinery,  more  especially  watch  and  chronometer  works,  because  it  is  not  altered  by 
contact  with  air,  does  not  become  thick  at  a  low  temperature,  and  docs  not  attack  such 
metals  as  copper,  brass,  &c.    Glycerine  is  used  in  the  making  of  copying  inks,  and  of  a 


•  The  freezing  of  glycerine,  observed  in  1867,  by  Mr.  W.  Crookes,  in  London;  by  Sarg,  at 
Vienna;  and  Dr.  Wohler,  at  Gottingeu,  proves,  however,  that  under  certain  conditions, 
and  while  being  trantported  from  one  place  to  another,  glycerine  may  become  solid  even 
at  a  temperature  not  so  low  as  the  freezing-point  of  mercury. 
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ffreat  many  ooemdlics.    In  order  to  render  printing  ink  Bolable  in  water — its  i  , 

is,  howcvcsr,  itB  greatest  advantage — it  has  been  proposed  to  use  glycerine  for  its  l     ^ 

tion  instead  of  linseed  oil.  Glvcerine  is  an  oxcelleut  solvent  for  many  subfltances,  inclnding 
the  tar-colouTB  (atiiUno  blue,  cyauine,  aniline  violet)  and  alizarine.  In  order  to  render 
paper  soft  and  pliable  glycerine  is  added  to  the  pulp»  To  the  quantity  of  pulp  reijnired  for 
milking  loo  kilos,  of  dry  paper,  5  kilos,  of  glycerine,  ep.  gr.  I'lS^  are  enfiiieleut.  It  is  not 
out  of  place  here  to  moution  the  following  useful  weavers"  glue  or  dressiDg,  composed  of — 
Dextrine,  5  parts ;  glycerinot  Z2  piirts;  sulphate  of  ahiminn,  i  part;  and  water,  30  p&rt«. 
By  the  Ui$e  of  this  mixttire  the  weaving  of  maalinfl  need  not  be — as  was  formerly  the  case — 
"Carried  on  in  damp  darkened  cellars,  but  may  be  performed  in  well.&lred  and  well-lighted 
rooms.  It  is  B(dd  that  leather  driving  belts,  made  as  usual  of  weakly  tanned  leAtfaer, 
when  kept  in  glycerine  for  twenty-four  hours,  are  not  so  liable  to  fray.  A  glycerine  soln- 
tion  is  now  largely  UBcd  instead  of  water  for  the  purpose  of  filling  gas-meters,  as  sneh  a 
solution  dot'9  not  freeze  in  winter  nor  evaporate  in  summer.  Santi  uses  glycerine  for  the 
compasses  on  board  screw-steamers,  in  order  to  proteot  the  inner  compass  box  against  the 
vibrations  caused  by  the  motion  of  the  propeller.  It  is  impossible  to  enter  her©  into 
minute  details  on  the  uso  of  glycerine  ;  Bttfflce  it  to  observe  further  that  it  is  empk>yed  lor 
preserving  anntomical  preparations,  for  rendering  wooden  casks  imporiions  to  petroleum 
and  other  oils  ;  for  the  preparation  of  artificinl  oil  of  mustard  or  saJpho-cyan-allyl,  made 
by  treating  glycerine  with  iodide  of  phoephorue,  whereby  iodide  of  ollyl  is  formed,  which 
on  being  dissolved  in  alcohol,  and  next  distilled  with  s^ilphocyanide  of  potassium,  yields 
sulpho- cyan-ally  1.  When  glycerine  is  treated  with  very  concentrated  nitric  add  or  witli  a 
mixture  of  strong  sulphuric  and  nitric  aeidp,  it  is  converted  into  nitroglycerine  {trinitrine 
or  glyceryl  nitrate)  (see  p.  158),  largely  used  for  various  purposes,  the  preparation  of 
doiidine  and  dynamite,  &o.  A  mixture  of  finely  powdered  litharge  and  very  concentrated 
glycerine  made  into  a  paste  forms  a  rapidly  hardening  cement,  especially  useful  as  a  cover 
for  the  corks  or  hmiga  of  vessels  containing  such  iuids  as  benzol,  essential  oils,  bcnzoline, 
petroleum,  d'c,  the  cement  being  impermeable  to  these  Hiiuids. 


mtntiliutUon  ihth  Fluid 
9ab«Uii£r«. 


11.  Illumination  hj  Mfuiis  of  Lamps. 
The  fluid  substances  in  use  as  iEmulnatIng  materiahi 
eitlier  :—a.  Fixed,  or  fatty  oils,  h*  Volatile  oils,  which  again  are  either  essential 
oils,  as.  for  instance,  caniphine ;  or  products  obtained  from  tar,  as  photogen  and 
solar  oil ;  or,  finally,  niitive,  as  petroleum.  Among  tlie  fixed  or  fatty  oils,  rape-seed 
oil,  eolza  oil,  olive  oil,  fish  oiU  and  the  dry  pni^aTer-seed  or  poppy-seed  oil, 
chietly  used. 

partfj-init  ^r  R^cniiif  fn  order  to  veliiie  these  oils  so  as  to  render  them  more  suitable 
for  combustion  iu  lamps,  tliey^  ore  treated  >\itli  about  2  per  cent  of  Uieir  wdgUt  of 
strong  sulphuric  acid,  or  with  a  concentrated  solution  of  chloride  of  zinc.  These 
substances  do  not  act  upon  tlie  oil,  but  destroy  or  coagulate  any  impurities,  as  mtici* 
laginous  and  colouring  matters,  present.  The  acid  or  chloride  of  2inc  is  removed  by 
washing  with  watt^r*  after  which  tlio  oil  is  filtered,  and  iu  order  to  remove  any 
meclianically  adhering  water,  it  is  kept  for  a  considerable  time  at  a  temperature  oC 
about  loo*,  being  heated  by  means  of  steam  circulating  in  pipes  fitted  in  the  tank 
Now  oil  is  frequently  extracted  from  liie  seeds  by  means  of  sulpliide  of  carbon  (see* 
p,  199).  The  oils  which  serve  for  the  purposes  of  illumination  are  termed  larop-oih 
The  introduction  of  pavaflin  iind  petroleum  oils  has  caused  a  Tery  considerably 
decreased  consumption  of  the  fixed  fatty  oil-^ 

Lwopc  Lamps  were  known  and  used  even  in  remote  antiquity,  and  were  invented » 
it  is  believed,  by  the  Egyptians.  AVhileit  cannot  be  denied  that  as  regards  out^nixd 
form  the  lamps  of  the  tmcients  were  graceful,  tlieir  teclinical  construction  was  rnde, 
and  remained  so — ^not  taking  into  account  some  minor  improvcincnta  made  in  Uio 
seventeenth  and  eighteenth  centuries,  among  wliich  iuiprovemeuts  are  tJie  introduc* 
tion  of  the  glass  cylinders  by  tlio  Parisian  apothecary  Quiuquet,  and  the  invention 
of  the  hollow  and  circular  burner  by  Argand,  1786 — until  clieuiibtry  discovered  a 
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sound  theory  of  combustion  and  illumination,  and  until  physicial  science  ascertained  the 
principles  of  the  supply  of  oil  and  means  of  estimating  the  illuminating  power  of  the 
flame  of  lamps,  and  further  until  the  reiining  of  oil  supplied  a  purer  and  more  fluid 
illuminating  material.  A  still  greater  step  to  improvement  in  light  obtained  from 
lamps  was  the  discovery  of  tlie  petroleum  and  paraffin  oils  and  the  construction  of 
lamps  suitable  for  their  combustion.  These  oils  have  now  become  of  general  use 
wherever  gas  is  not  obtainable.  In  passing,  it  may  be  observed  that  in  no  country  is 
gas  so  extensively  made  on  the  small  scale  as  in  Scotland,  where  farm-houses,  • 
country  seats,  and  other  dwellings,  not  conveniently  situated  near  to  public  gas-works, 
are  very  generally  provided  with  small  gas-works,  in  which  the  excellent  Cannel 
coal  of  the  country  is  employed,  yielding  a  very  pure  and  highly  illuminating  gas  at 
a  reasonable  cost,  and  with  the  advantage  that  gas  is  allowed  by  the  insurance  com- 
panies as  light  in  stables  and  other  places  where  readily  inflammable  materials  are 
kept,  while  lamp  and  candle  lights  are  absolutely  prohibited  in  such  places,  for 
fear  of  causing  fire.  Some  of  the  many  inventions  and  improvements  of  oil  lamps 
made  during  the  last  forty-five  to  thirty  years  are  quite  forgotten ;  the  moderator 
colza  lamp  has  been  nearly  superseded  by  improved  paraffin  and  petroleum  oil  lamps, 
and  as  we  do  not  treat  in  this  work  on  the  history  of  technclogj-,  but  on  technology 
as  now  developed,  we  cannot  enter  into  any  further  historical  details,  but  proceed 
witli  our  subject. 

Viewing  lamps  generally,  we  observe  the  same  parts  as  in  a  candle,  viz.,  tJie 
illuminating  material  and  the  wick.  As  regards  the  illuminating  material,  it  is  in 
lamps  as  well  as  in  candles  fluid,  tlie  difierence  consisting  in  that  with  candles  the 
fatty  material  is  molten  near  the  end  of  the  wick,  a  cup  of  molten  fat  being  formed, 
while  with  lamps  the  illuminating  material  is  fluid  at  tlie  ordinary  temperature,  and 
therefore  kept  in  a  vessel  or  reservoir  from  which  the  wick  is  uninterruptedly  and  as 
uniformly  as  possible  supplied.  The  differences  observed  in  the  construction  of  the 
various  kinds  of  lamps  depend  partly  upon  tlie  illuminating  material  employed 
(colza  oil,  petroleum  oil,  sperm  oil,  &c.) ;  partly  upon  the  shape  of  the  wick  and  upon 
the  mode  of  supplying  air  to  the  flame,  either  with  or  without  a  glass  chimney; 
further,  upon  the  shape  of  the  oil  reservoir  and  its  position  in  reference  to  the  wick ; 
and  finally  and  cliiefly,  upon  the  method  and  means  by  which  the  illuminating 
material  is  carried  to  tliat  portion  of  the  ^vick  where  the  combustion  is  intended  to 
take  place ;  tliat  is  to  say,  whether  the  illuminating  material  is  only  absorbed  by  the 
capillary  action  of  the  cotton  wick,  or  whether  this  action  is  aided  by  hydrostatic  or 
mechanical  means. 

Colza  oil  and  mineral  oil — be  the  latter  obtained  from  the  tar  yielded  by  the  dry 
distillation  of  certain  kinds  of  coal  or  peat,  or  be  it  derived  from  native  petroleum — 
differ  from  each  other  as  regards  tlieir  properties  as  illuminating  materials  in  the 
following  particulars  : — i.  Colza  oil  is  not  volatile  at  the  ordinary  temperature,  and 
not  even  when  heated  to  above  ioo\  It  is  hence  devoid  of  smell,  and  is  not  by  itself 
ignitable  unless  it  be  first  heated  to  a  such  a  high  temperature  (about  200°)  as  to 
give  off  products  of  dry  distillation — ^in  fact,  become  decomposed  and  converted  into 
oil-gas.  The  mineral  oil,  even  that  kind  whicli  is  termed  odourless,  possesses  some 
odour,  and  loses  in  weight  or  is  gradually  volatilised  by  exposure  to  air.  At  a 
higher  temperature  it  is  volatilised  and  can  be  distilled  over  unaltered,  while  at  a 
Btill  more  elevated  temperature  it  is  nearly  all  converted  into  illuminating  gas. 
2.  Colza  oil  consists  of  carbon,  hydrogen,  and  oxygen,  according  to  the  formub 
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CisHiaOa.     In  Llic  diy  (]istillation  uhicli  tills  nil   undergoes  in  tlie  wick  jifst  bdow 
the  tlame  it  is  couverted  into  elnyl  gJis  iiud  carbouic  acid : — 

Co..«  oil.  .C..H.0.=3-.  yield  { \  -^-'^  »^  Stefd^^lfco.    =_!! 

eonaequently  25*8  per  cent  of  the  coljtii  oil  becoming  carbtimc  acid  does  not  con- 
tribute ttnyiliing  to  tlie  illuininQtiiig  power  of  tlic  flame,  but  deprives  the  half  of  tlifl 
volume  of  the  elayl  gas  of  its  illiiininatiiig  power.  Iletincd  colza  oil  bums  in 
well -constructed  lumps  very  completely,  yielding  only  the  odourless  products  of 
combustion,  viz,,  carbonic  acid  autl  water  3.  Pt^troleura  oils  are  mixtures  of 
different  hydrocarbons,  very  probably  of  tlie  higher  members  of  thtit  homologous 
series  of  which  niai*sh  gas  is  the  primary,  Petroleum*oil  begins  to  boil  at  250^  and 
is  at  a  higher  temperiture  decomposed,  yielding  gaseous  products,  marsh  gma  and 
clayl  gas,  and  soot,  or  unburned  carbonaceous  matter.  The  quantity  of  carb«>n 
contained  in  petroleum  oil  is  far  larger  than  that  contained  in  colza  oil ;  henoc  the 
former  when  burniag  in  contact  with  air  and  without  a  gltisg  chimney  exhibits  a  sooty 
flame,  but  this  changes  at  once  into  a  very  bright  llame  when  by  the  addition  of  a 
glass  cliimney  the  increased  draught  i>i  air  causes  the  complete  combustion  of  the 
excess  of  carbon.  While  cul/a  od  oidy  reaches  the  flame  in  the  state  of  gas,  th«i 
petroleum  ods  come  into  tlie  flame  as  vapotir,  and  die  construction  of  the  petraleum 
oil  lamps  ought  to  be  so  contrived  that  the  combustion  be  as  complete  as  possible  in 
order  to  prevent  any  disagreeably  odorous  viipours  or  gaseous  matters  escaping  un- 
cousuined.  As  regards  accidents  from  fire,  petroleum  or  paraffin  oil  lamps  are,  witJi 
proper  precautions  and  good  q^uality  of  oil,  not  attended  with  greater  danger  tlian 
that  of  the  use  of  colza  oil,  4,  As  is  well  known,  colza  oil  is  a  fatty  lubricating  oil. 
while  paraf&n  or  petroleum  is  not  so  :  in  consequence  of  tliis  difference  the  former 
may  be  used  in  lumps  iu  which  the  oil  is  carried  to  the  wick  by  mechanical  means — 
either  by  clockwork  or  spiral  springs  acting  upon  one  or  more  more  pistons,  as  in  the 
Carcel  and  moderator  lamps.  Because  the  fatty  nature  of  colza  oil  as  well  as  its 
lubricating  property  keeps  the  packing  of  tlie  pistons  oil -tight  as  well  as  lubricated, 
it  ia  clear  that  the  paraflln  oils  cannot  be  used  in  such  lamps. 

Independently  of  llie  illuminating  material,  the  construction  of  a  normal  lamp 
fihould  he  such,  that  (i)  it  yields  a  maidmnm  of  light  uniformly  for  a  definite  time 
(three  to  eight  hours).  This  condition,  a  consequence  of  the  complete  and  equal 
combuslion  of  the  illuminating  materia!,  can  only  result  from  [a)  tlie  use  of  a 
purified  ilium  in  lit!  Jig  material ;  (^?)  the  use  of  a  wick  of  uniform  tliickness  an 
strnclure ;  \y)  the  uniform  supply  of  illuminating  material  to  the  llamc  ;  (^t  by  snUl 
ciently  strong  heat  at  the  poijit  where  the  combustion  takes  place,  so  that  the 
c^onversion  of  the  illuminating  material  into  gases  may  be  complete ;  ft)  by  tlie 
regulation  of  the  supply  and  access  of  air.  Too  small  a  supply  of  air  often  givca 
rise  to  a  sooty  fltvme,  while  too  large  a  supply  causes  a  lower mg  of  the  Icmpcratiu 
of  the  flame,  and  hence  also  separation  of  soot  and  formation  of  odorous  prodacl 
of  incomplete  combustion :  aud  even  if  these  results  do  not  occur  and  a  complcf 
combustion  obtains,  too  large  a  supply  of  air  hiipairs  considembly  tlie  illuminati 
power  of  tlie  ^ame ;  {D  the  means  of  regulating  tho  size  of  the  ilamo  must  be 
perfect.  2.  The  lumps  ought  to  be  so  constructed  that  tJie  light  evolved  be 
wastedr    The  well-known  reflectors  aud  lamp  caps  aid  the  illumination  gr^tl) 
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voir  for  the  oil  should  be  in  ihe  iirst  place  so  situated  that  its  BlmJow  fallg 
ttifoportant  part  of  the  field  to  be  illnminaled ;  and  secondlj,  so  arranged 
that  tbe  point  of  gmvitation  of  the  lamp  be  maintaiucd, 

viirintu  Einda  M  L&Bipc  Tuktiig  tliG  mamii'r  of  couveying  the  illuminating  material  by 
Mieans  of  the  wick  to  the  flftine  an  a  basis  for  tlie  division  of  litiiii»3  into  various  kinds, 
re  distinguish  the  following  : — 

Suction  lamps,  in  which  the  oil  is  simply  sucked  np  by  the  capillary  action  of  tbe 
<?otton  wick  from  the  reservoirp  According  to  the  eituation  of  the  oil  reservoir  with 
reference  to  the  wick,  Buctiun  lamps  con  be  BulsdiTid^d  int^  : — a.  Those  in  which  the 
oil  reeervok  is  placed  at  about  equal  height  with  the  flame  of  the  burning  wick, 
iS*  Lamps  in  which  the  oil  reservoir  is  placed  liigher  than  the  burner.  These  lamps  have 
a  detaohable  oil  reaervoir,  whichi  having  beeu  tilled,  ia  inverted  into  a  fixed  veBsel, 
an  arrangement  common  in  reading-lam  pi;  for  burning  colza  oil,  2.  Pressure  lamps,  in 
which  in  addition  to  the  capillarity  of  the  wick,  roechauioal  or  physioal  means  are 
employed  for  the  purpoBe  of  forcing  the  illuminating  material  to  the  wick.  In  this  variety 
the  oil  reservoir  i^  placed  at  the  foot  of  the  lamp.  According  to  the  methcnl  of  forcing 
the  oil  to  the  wick,  pressure  lamps  are: — a.  Aerostat!);,  in  which  the  pi^inciplo  is  that  of 
HLro'ij/oimtain ;  into  the  closed  oil  reservoir  air  is  forced»  and  this  while  tr\ing  to  make 
^iquilibrium  with  the  tniter  air,  presses  upon  the  oil  and  forces  it  upwards  through  a 
tube  to  the  burner,  /i.  Hydrostatic  lamps,  ba^ed  upon  the  principle  of  the  communicating 
tubes,  in  which  the  heights  of  fluids  of  different  specitio  gravity  making  equilibrium 
together  stands  in  the  iuvorso  relation  to  their  spocifio  gravity.  The  fluid  which  baa  to 
make  equilibrium  with  the  oil  aud  force  it  up  towards  the  cotton  wick  Bhould  be  apeoifie- 
aUy  heavier  than  the  oil.  **  Statical  lamps,  in  which  the  oil  is  forced  from  the  reeervoir 
at  the  foot  of  tlio  lamp  to  tne  burner  by  the  pressure  either  of  the  weight  of  a  solid  body 
{tot  instance,  a  leaden  weight j,  or  by  the  direct  weight-pressure  of  a  pieton  moving  dowu- 
'jtfds  in  the  oil  reservoir,  i.  Mechttuical  lamps,  in  which  the  oil  contained  in  the 
servoir  is  forced  upwards  to  the  burner  either  (a\  by  means  of  pumps  set  in  motion  by 
wheelwork  similar  to  that  of  a  large  watch  (Caret!  lamps  with  clockwork) »  or  {b}  by  the 
pressure  of  a  spiral  finring  anting  upon  a  solid  piston  J'modoratcur  lamps).  In  the  mechanical 
lamps  the  oil  ia  carried  to  the  wicks  in  larger  quantity  than  is  required  for  the  momentary 
consumption ;  this  excess  of  oil  returns  continually  to  the  oil  reservoir.  The  lamps  hero 
aU tided  to  are  only  suited  to  burn  colza  oil,  and  we  ought  to  observe  that  those  mentioned 
under  ct,  ji3,  and  ti  are  obsolete,  for  the  very  good  reason  that  they  have  been  superseded 
by  better  and  more  simple  contrivances ;  this  applies  also  to  the  clockwork  lamps  which 
were,  even  when  weU  made,  very  habl©  to  get  out  of  order  and  required  very  pure  oil  to 
work  well.  3.  The  lamps  for  buniing  the  paniffin  and  petroleum  oils  ar©  all  simple 
suction  lamps,  the  reservoir  being  placed  under  the  wick  and  in  its  axial  prolongation. 
The  lower  specific  gravity  and  the  greater  fluidity  of  the  oila  greatly  aid  the  capillary 
action  of  the  wick,  and  renders  all  pressure  apparatus  superfluous.  The  so-called 
benzoline  sponge-lampa  also  belong  to  the  category  of  suction  lanipe^  the  very  volatile  and 
highly  combustible  benzoline  (obtained  from  the  crude  petroleumj  being  absorbed  by  the 
sponge,  more  commonly  cotton  waste  or  tow,  and  Iheooe  slowly  carried  by  capillary  action 
into  the  wick. 
SDctioa i.AxaT)«.  I.  To  this  kind  belong  all  the  lamps  in  which  the  oil  is  simply  carried  to 
le  flame  by  the  capillary  action  of  the  cotton  wick,  the  oil  reservoir  bemg  placed  somewhat 
flow  the  burning  end  of  the  wick.  According  to  the  situation  of  the  oil  reservoir  In 
reference  to  the  wick,  suction  lamps  can  be  divided  into  (fi),  those  in  which  the  oil 
reservoir  is  placed  nearly  at  the  same  height  as  the  burning  wick.  Here  we  have  to 
ibserve  the  two  following  conditions,  viz. : — (a)  the  burning  wick  ia  placed  in  the  oil 
sservoir  itself,  as  may  be  observed  in  the  kitchen  lamp  and  antique  lamp  j  or  {h},  tho  oil 
servoir  and  burner  are  separated  from  each  other»  the  reservoir  being  placed  by  the  sidi 
the  burner,  or,  as  is  the  ca&c  in  the  ring  lamps,  at  the  circumference  of  the  burner, 
bich  is  in  the  centre,  ji.  Those  lamps,  the  oil  reservoir  of  which  is  placed  higher  than 
the  burner,  as,  for  instance,  in  the  so-called  reatling  lamp. 

Among  tbe  suction  lamps  are  the  following  : — In  the  luitique  hmip,Fig.  271^  tbe  wick,  a 
skein  of  cotton,  ia  placed  in  an  open  or  rlosed  oU  vessel,  the  bnriiing  end  of  the  wiok 
simply  protruding  from  the  spout.  This  kind  of  lamp  is  technically  very  imperfect, 
because,  in  the  first  place,  the  wiek  has  to  suck  up  the  oil,  when  the  level  of  that  fluid 
gradually  sinks  by  the  burning  of  the  lamp,  to  a  height  far  too  great  for  its  capillary 
power ;  hence  the  flame  will  by  lack  of  suflicieut  oil  become  gradually  more  and  more 
lurid  I  and  at  last  extinguished  altogether  before  all  the  oil  m  consumed.  In  comseqaenoa 
of  the  tbickneea  of  the  wick  the  combustion  is  incomplete,  owing  to  want  of  HuMcieut 
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aooess  of  air,  the  lamp  thus  hurmng  with  a  sooty  fl&mG ;  while  the  body  of  the 
thirowa  a  grcnt  shadow.     This  laat  defect  is  less  marked  in  a  kiud  of  kitchen  lamp, 
hited  in  latPial  projection  in  Fig,  272,  and  viewed  in  plan  in  Fig.  273,  as  by  means  of 
eponi  the  distance  between  the  oil  reserroir  and  the  flame  is  increased,  or,  in  other  won 

the  angle,  cab,  rendered  more  acnte.     The  so-ctdled  Worm's  himp»  Figs,  274  and  275,  i 

former  days  much  used  in  the  Rhino  provinces,  should  be  noted  on  account  of  the  shape  of 
the  wick,  f,  which  ia  composed  of  a  flat  woyen  cotton  band^  instead  of  a  skein  of  cotton  ymni, 
and  thus  the  access  of  air  to  all  parta  of  the  wick  ir  so  regulated  that  complete  comhtLflioa 
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of  the  oil  takcfl  place.  The  wick  is  put  into  tho  wick  holder,  c,  which  is  soldered  to  the  riil_ 
d,  loo.ely  fixed  on  the  rim  of  the  glass  globe,  which  serves  as  an  oil  reservoir.  By  means 
of  the  rackwork  and  pioion,  e  and  c',  tho  wick  can  h&  turned  opwards  and  downwards,  and 
the  flame  thus  regulated.  The  part  a  is  placed  in  a  candlestick  or  in  any  other  suitable 
stand.  A  glass  and  globe  maybe  placed  over  and  around  t]xe  flame*  Although  thii 
lamp  is  an  improvement  on  the  old  fashioned  kitchen  lamp,  it  haa  many  defects. 


Fig.  274. 
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The  LuQD  with  CoiuUnt 
O0L*T«l. 


In  order  to  obviate  the  constant  decreiM  ill  Ili0  Iflli&sdty  of  \ 
light  as  the  level  of  the  oil  sinks  by  its  oonstim|»tida«  %i  happcni  i 
the  lamps  already  described,  it  is  simply  necessary  to  keep  the  oil  in  the  burner  as  mueh 
as  possible  at  the  sMno  height.  This  can  be  e£FectM  in  suction  lamps  by  pincint?  th««  riU 
reservoir  higher  than  the  bnrner,  but  in  doing  this  it  becomes  necessary  so  to  1  ^  f 

construction  of  the  lamp  that  the  oil  be  gradually  carried  to  tho  wick  in  such 
is  required  for  its  proper  burning.     This  is  practically  carried  into  effect  as  t^..^. 
Fig,  276,  which  shows  in  vertical  seclion  a  kind   of  lump  in  England  kuowi 
reading  lamp.      The  oil  reetn'oir   of    this   lamp  is   a  movable  vesseli  a,  of   t 
iron,  and   closed   by  means  of   a  valve,  which  when  the  vessel  is   placed  vrrtitiiiiy, 
as  (exhibited  in  the  cut»  leaves  the  nock  or  mouth  of  the  oil  dask  open  in  a  downwaid 


ilTeotio^lMAiD  admit  of  the  oil  mnning  into  tbe  Fpsco  bh  ;  but  as  soon  as  the  oil  h^a 
fiBen  to  vBHRUt  ef\  tho  f)md  acts  as  a  hydraulic  Talre,  and  no  more  oil  oan  flow  out  of 
a  until  by  tbo  burning'  of  the  lamp  tho  level  has  been  lowered.  Tho  tub©  d  carrioi  Ike  oil 
to  tho  wick'holdcr ;  while  nt  <?  a  small  hole  is  made  for  tho  purpose  of  giving  fre©  moeess 
of  air  to  tho  space  between  the  sidea  of  the  vessel  a  tind  tbe  oylindrioal  box  in  vhicH  il 
is  placed.  When  more  oil  might  flow  to  tbe  wick  of  this  kind  of  lamp  than  can  bo  btinit 
in  a  given  time  the  flwme  is  extLnguished,  bnt»  as  usually  constructed*  these  lamps,  unle«i 
they  be  tilted,  or  exposed  to  a  very  warm  atmospbero  (in  which  case  owing  to  tbe  cxpan* 
sion  of  tbe  air  in  the  vessel  a  the  oil 
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Lb  foreod  out  of  it)  answer  tbe  pnrpoiie 
Tery  weU,  giving  when  hunit  with 
snitablo  wicks  and  wellreflncd  colza 
oil  a  good  light,  but  less  intense  than 
that  oblidDable  from  tbe  better  kinds 
of  parafiSn  oil  lamps. 

Pm Mtr«  Luap*.  2*  Theso  are  distin- 
guifihed  from  suction  lamps  by  tho 
mode  in  whicb  tbe  oil  icscrvoir  is 
aittukted  in  rcfcronco  to  tho  btimer« 
tbe  former  being  not  placed  on  a 
lerel  with  or  higher  than  the  latter 
but  below  it,  the  place  assigned  to 
the  reservoir  being  the  foot  of  tho 
lamp ;  and  as  tho  capillary  action  of 
the  wiek  is  not  sufliciimt  to  enable 
it  to  suck  the  oO  upwards  to  so  great 
a  height,  an  arrangement  i?  required 
to  lilt  tho  oil  towards  the  wick,  while 
ftny  excess  of  oil  above  that  which  tho 
flame  at  tho  wick  ia  capable  of  etm- 
iuming  trickles  downwards ,  and  is 
either  conducttMi  into  the  oil  rescTVoir 

DoUocted  in  &  separate  vessel,   The 
e  iampi  wre  certainly,  as  far  as 

Ixa  oil  lamps  are  concerned,  the 
best  in  every  respect ;  but  tho  dif- 
ferent varieties  of  the&e  himps  to  bo 
here  noticed  have  been  superseded  by 
the  moderateur. 

According  to  the  contrivance  by 
means  of  which  the  oil  in  pressure 
lamps  is  forced  up  to  tbe  wick,  we 
dlstingniab : — 

a.  ABvttaiicat  Lamp$,  —  In  these 
lumps  the  principle  of  Hero*s  fonn- 
tiiiu  is  employed.  Air  is  forced  into 
the  closed  oil  reservoir^  and  this  air 
while  trying  to  gniii  its  equilibriaiu 
Willi  tho  outer  air,  forces  the  oil 
through  a  very  imrrow  to  be  upwards 
to  tbe  burner.  The  so  lamps  have, 
owing    to  great  complicity   of    con-  ;^ 

strut' tion,  difliculty  of  mAungement, 
and  of  fllliug  with  oil,  never  been  of  any  real  practi^,,.  .:. . . 

/j.  In  tbe  hydrostatic  lamps,  also  now  obsolete,  though  in  use  in  Franco  in  the  earlier 
part  of  this  century,  the  oil  is  forced  to  the  burner  by  tho  preRsure  of  a  column  of  liquid 
upon  the  oil.  The  physical  principle  involved  is,  that  of  the  two  vessels  or  tnb^s  com- 
municating with  eacli  other,  and  fiUed  with  liquids  of  different  spoclflo  gravity,  the 
height  of  theso  fluids  is  invvTHely  as  the  specidc  gravities  of  the  fluids.  Tho  fluid  which 
has  to  make  eqnilibriuin  with  the  oil  ought  of  course  to  be  sji^cifically  heavier  than 
tho  oil,  and  ought  neither  to  net  injuriously  upon  tho  metal  of  which  the  lamp  is  ntadc' 
nor  upon  the  oil ;  while  the  liquid  shoold  not  freese  very  readily.  Mercuri',  solutinn  of 
common  salt,  molafises,  solutions  of  chloride  of  calcium,  and  aimilar  Uquida,  have 
been  proposed  as  fluids  to  act  in  the  manner  alladed  to. 
42 
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y.  Statical  Lamp$, — In  tliDso  lamps  the  oiJ  coDtainetl  in  the  ree^rvoir  at  Ihe  foot  of  lh« 
lamp  ia  either  forced  np  to  tbe  bixroer  by  the  pressor©  of  a  solid  body  exei^d  upjn  the 
oil,  or  by  tbe  pressure  of  a  piston,  aetlng  liirectly  and  by  its  own  weight,  forcing  the  oil 
upwards  throagh  a  narrow  tabe.  In  the  first  instance  tbe  oil  ia  put  into  u  bug  made  of  any 
impermjeahio  and  Buffioiertly  j^llable  material — limiher,  eaontcbouc,  or  waxed  sOk,  for 
iaslanee — ^ond  thiB  bag  is  placeil  in  a  reserroir,  and  next  a  weight  is  made  to  prefix  upon  th« 
biigt  to  which  ifi  fitted  a  email  tube  communicating  ;%ith  the  burner.  The  second  arrai^ge* 
inent  with  tbe  piston  was  the  foreninuer  of  the  mechanical  lamps ;  hot  fta  statica] 
lamps  are  no  longer  made  further  details  are  unnecessary. 

if«fbuii«ni  Lamp«.  f.  These  lamps  are  fitted  with  a  mechanical  contrivance  by  the  aid  of 
which  the  oil  i&  forced  from  the  reservoir  in  the  foot  uf  tbe  lamp  to  the  burner,  the  quaui- 
tity  of  oil  thuB  eupplied  to  the  latter  exceeding  the  requirementa  at  any  giren  moment  of 
the  burning  flame.  While  in  all  the  lamps  meutiontil  the  contents  of  the  burner  is  a 
coustant  colmnn  of  oil,  which  decreases  steadily  from  the  top  downwards,  or  is  renewed 
from  time  to  time,  tbe  oil  in  the  mechanical  loinpn  is  a  constantly  flowing  8tr«Am,  which 
yiddfl  tho  wick  the  requisite  quantity  for  combustion,  while  the  excess  flows  downwaxd« 
into  the  rcserroir. 

Two  kinds  of  mechanic  a!  himps  are  especially  noteworthy,  viz, : — 
Clockwork  Lamp.       I,  Tbo  clockwork  lamp,  pump  lamp,  Carcel  lamp,  invented  \"  ^^  -  -   hy 
the  lamp  maker  Cared*  at  Faria,  aud  afterwards  improved  upon.    The  pump  or  | 
m  the  better  kinds  tiiere  arc  two,  unless  the  single  pump  is  double  acting — \\  i 
the  oil  from  the  refiervoir  in  the  foot  of  the  lamp  ia  moved  by  dockwork,  providt-d  with  a 
strong  spring  which  is  wound  tip.    The  pump  is  a  comMnation  of  suction-  and  fonw?- 
pump;  in  some  lamps  of  this  kind,  instead  of  a  pump  an  Archimedean  screw  is  employed 
for  the  same  purpose.    In  tbe  socket  of  the  clockwork  the  oil  reservoir  and  pump  ore  placed. 
Tho  tube  through  which  the  oil  is  forced  upwards  to  the  burner  is  carried  through 
the  shaft  of  the  lamp.     The  oil  reservoir  and  the  clockwork  are  separated  from  eacii 
other  by  a  horizontal  metallic  plate. 

An  apparatus  of  simple  c<rinst ruction  often  employed  in  the  Carcel  lamp   is  shown 

in  section  in  Fig.  277.     The  body  of  the  lamp  forms  tlie  cyHnder*  in  which  tho  horizontal 

piston  m  is  moved  to  and  fro,  while  the  space  n  ftL»ove  it  is  connected  with  the  oil  pipe 

leading  to  the   burner.      The   space  below   the  body  or 

Flo.  277,  cylinder  of  tbe  pump  is  connected  with  the  oil  reserroir, 

'  |M  and  divided  into  two  compartments  by  nicaus  of  a  par- 

11  titiou,  and  furtlier  provided  with  two  valves,  made  either  of 

11  ailed  fiilk   or    of    gold-beaters'    skin.      WIjcu   the   pi»tou 

II  moves  in  tbe  direction  from  d  to  e,  oil  enters  fntm  tbe 

reservoir  through  h,  while   the   oil   then   prt-^ 

space  between  c  a  and  hi,  is  forced  through  c  im 

w,  and  thence  into  the  oil  pipe.     The  space  n  ;   , ,;. 

tbe  purpose  of  an  air  vessel,  for  the  compressed  air  acts  i 

A  regulator  to  the  constant  How  of  the  oil.     When  l~ 

piston  moves  in  the  direction  from  c  to  6,  oil  enters  throa 

rt,  and  through  d  into  n.    The  clockwork  which  movtts  I 

piston  rod  of  m  is  placed  below  the  oil  reservoir.      Thil 

arrangement   of  the    pump   in   ^uch   that   tho   burner   of 

the  lamp  is  suj^plicd  with  a  larger  quantity  of  oU  than 

is  required  for  the   immediate  consumption   of  the  flame,  the  re^U  being  that  tho 

wiek  aud  the  burner  are  kept  cool,  and  the  carbonisation  of  the  wick  at  the  flame  u  pro* 

vented,  and  thereby  the  capillary  action  of  the  cotton  left  unimpaired.    The  exceoc  of  oil 

flows  Again  into  the  reser^ckir.      The  clockwork  of  these  lamps  requires  winding  up 

About  once  in  twelve  to  fifteen  hours  ;  and  for  burning  seven  to  eight  hours,  the  action  is 

so  very  nnifortn  tlint  a  light  of  equal  iutenpity  is  maintained  for  that  time.     Borne 

of  these  lamps  aro  fitted  with  an  external  knob,  which  can  be  used  for  tho  ptirpose  of 

stopping  tho  dockwurk  by  arresting  the  motion  of  the  regtflating  wings, 

M<Mi«rmt«ar.  or  >iod<raior       *.  This  lamp  was  invented  in  1837  by  Franchot,  and  as  it  is  mora 

iMap.  nimple,  less  liable  to  get  out  of  order,  and  is  cheaper  thru  ic-" 

work  lamp»  it  has  in  a  great  measure  superseded  the  use  of  the  latter.     The  e- 

of  this  lamp  ia  a  large,  well-packed  piston,  which  resting  on  the  oil  contanuu   m   loe" 

re»en"(ar,  is  forced  downwards  by  means  of  a  spiral  spring,  the  oil  finding  no  outlet  but 

through  a  small  opening,  into  which  is  inserted  a  narrow  tube  leading  to  the  burner,     .i 

raodenitear  lamp  ia  exhibited  in  Fig.    27S,  the  upper  part  of   the   cut   being  a  front, 

the   lower  a  sectional   view.      The  oil  reservoir  is   placed    in    the  hollow  body   of  th» 

lamp,  made  of  metal ;    this  reservoir   serves   also  as  pump  btniy  or  cylinder  f*»r  the 

piston  A,  made  of  a  metallic  tlisc,  £tted  with  u  Icnther  rim  as  packing,  and  aUo  acting  as  a 
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Talve.  To  tbc  piston  is  fitted  the  rod  b,  wliich  through  nearly  ite  mWn  ItBD^  if 
proTidod  with  tteth,  biting  in  tViuse  of  the  small  wheel,  d,  forming  a  nek  and  wheel- work 
eontrivfinee,  which  ftdmits  of  dmwinR  the  piston  npvmrds  by  turning  the  handle  of  i>» 
When  thus  wound  np  the  cxpiuisiou  of  the  Rpirrd  spring'  which  is  held  at  e  forces 
the  piston  downwards.  When  the  reservoir  is  not  filled  with  oil,  the  pigton  rests  on 
the  bottom  of  the  yesael ;  and  when  oil  is  poured  into  the  cnii  of  the  lamp,  it  flows 
downwards  into  the  reserroir  and  on  to  the  upper  surface  of  the  pinion:  if  thja  is 
next    mored    cpwards  or  wound  up,  there  is  »  raouum   formed  below  it,  and  the 
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lilnioBpherie  air  pressinpt  upon  the  oil  forces  it  downwards  by  refison  of  the  flexibility  of 
the  leather  packings  actinff  as  a  valve,  until  all  the  oil  is  below  the  jjiston  and  the  latter 
fully  wound  up,  when  the  oil  forces  the  leather  paekiiip  bo  tiijfbtly  iigniiist  tho  sides  of  the 
reservoir  thfit  there  is  no  wiiy  of  escape  but  by  the  tube  c,  which  commimicatcB  with  the 
burner,  Tbe  ppriiig  is  rti^Ty  nccurately  adjusted,  and  its  expansion  regulated  to  the  bulk  of 
oil  which  is  consumed,  so  that  the  wick  is  properly  supplied.  After  Ibc  lapse  of  homo 
honrsthe  lamp  has  to  be  wotitid  up  nunin.  In  order  to  prevent  the  oil  pussiui?  through 
the  tube  c  in  too  large  a  quantity  at  once  and  being  forced  out  of  the  burner  as  u  jot,  there 
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^  broQglit  into  play  a  contrivanc©  wliicib  is  techuicftlly  tenwed  the  moderateur,  consUiia 
of  (FigB.  279  and  280)  a  pecnUnrly  bent  wire,  o,  which  ie  placed  in  the  tube  c,  nud  is  f-d 
dertnl  to  the  inner  tub©  of  the  lower  fmrt  of  the  buruer.  The  lower  and  movable  portioij 
of  the  tube  c  is,  wheo  the  piston  iti  fully  wonnd  up,  so  placed  that  o  fits  and  dips  into  c, 
while*  when  the  piston  moves  downwards,  c  is  also  lowered*  and  not  partly  plugged  by  a. 
By  this  airanpement  the  flow  of  the  oil  is  rendered  imiforra  and  iudependtut  of  the 
greater  force  of  expansion  exerted  by  the  spiral  spring  when  the  lamp  has  been  folly 
wound  up.  To  Bome  of  these  lamp^  an  urranKemetit  has  been  fitted,  coniiisting  of  a  di^l 
and  hand,  exhibiting  extemidly  the  position  of  the  piston,  so  that  it  may  be  seen 
whnii  the  lamp  again  requires  to  be  wound  np,  aud  in  gome  cases  an  alaniin  has  been 
ftilded  for  the  purpose  td  giving  audible  warning  when  the  operation  is  required.  "With 
good  colza  or  ^perm  oil  an  excellent  light  is  obiamablct  while  the  machinery  is  not  Tery 
liable  to  get  out  of  order. 
Pitntonn  on  utid  pahlAu  3-  Th**  fluids  commonly  termed  parafRn  or  petroleum  oils,  and 
OULRtnps.  j^jg^j  known  as  Iceroscu,  phntogen,  pyrogen,  d'c,  are  always  burnt  in 

suelion lamps,  the  oil  reservoir  being  placed  either  below  or  by  the  Bide  of  the  wielt. 
Mechanical  lamps,  such  aa  the  madernteur  lamp,  for  instance,  ean not  be  used  for  petroleum 

oils*  because  thene  oils  do  not  lubricate  the  leather 
of  the  piwton.  Ab  the  mineral  oils  are  not  \j 
the  capillary  tubes  of  the  wick  can  more  i 
suck  up  the  oil  from  the  reservoir,  so  that  i*: 
loweriijg  of  the  level  of  the  fluid  a  loss  of  intensilj 
in  the  light  is  hardly  perceptible.  Owing  to  ll 
liirgd  quantity  of  carbon  contained  in  these  oils. 
a  BiDokeletis  same  is  produced  only  by  a  powerful 
oorrent  of  air,  which  is  obtained  partly  by  the  glass 
chinmey  and  partly  hy  the  adjustment  of  the  wick^ 
which  uhould  project  very  slightly  above  the  rim 
of  the  burner;  while  in  the  paraffin  oil  lamps 
provided  with  flat  wicks  the  object  in  promoted  by 
the  brass  cap  put  oyer  the  tlame  and  provided  with 
an  opening,  below  which  the  admixture  of  air  and 
Taponrs  vi  the  oil  takes  place ,  aud  also  ft  strong 
current  of  air  called  forth  to  aid  the  combustioD. 
In  reality  the  petroleum  and  paraffin  oil  lamp«  1 
vapour  laiTipi* ;  that  is  to  say,  the  vapours  of  the 
liquids  yield  the  luminous  flame,  not  the  gtJt 
resulting  from  the  decomposition  of  the  oil^  M 
obtains  in  the  case  of  colza  oU  and  candlea.  In 
order  to  guard  against  the  j>os&ibility  of  an 
explosion,  the  paraffin  oil  lamps  are  all  bo  con- 
trived  that  the  fiuid  contained  in  the  re;?ervoi' 
does  nt»t  l>!H*ome  heated,  and  for  this  purpose  tl 
current  of  nir  which  sustains  the  combu^tiot) 
made  to  cool  the  burner. 

Among  the  many  paraffin  oil  lamps  on*  of  tlui 
best  is  that  of  Ditmar,  at  Vienna,  Tliis  lamp. 
Fig.  281.  coueists  of  a  metal  oil  reservoir,  b,  which 
Rurrounds  the  wick  tube  and  is  connected  wiib 
that  tube  by  means  of  a  horizontal  Inbc,  through 
which  the  oil  is  conveyed  to  the  wick,  a  h  an 
aperture  for  filling  h  with  oil.  and  cloAetl  by  11 
metallic  screw-plug.  The  wick  is  a  circular  ar^find 
burner  ^ith  double  •urrents  of  air  aij^i 
chimney »  c.  The  metiillic  bearer  or  r 
the  ehininey  can  be  made,  as  in  moelerateur  oil  lamps,  to  slide  upwards  and 
for  the  purpose  of  adjusting  the  height  of  the  bent  narrowed  portion  < 
60  as  to  produce  the  best  flame.  This  narrowed  part  of  the  glass  should  ti 
three*eightbs  of  an  inch  above  the  wick,  as  indicated  by  the  dotted  lines  d  ii^ud 
«o  that  the  greater  part  of  the  flame,  which  should  be  altout  6  to  8  eentim*,  hin 
is  above  the  narrowed  portion  of  the  glass.  If  the  glass  is  too  high  ' 
Rmokes  or  is  fUtldy,  aud  when  too  low  the  flame  is  small  and  hardly 
The  oil  rcHcrvoir  of  this  lamp  does  md  become  heated,  ftince  it  is  kept  i  * .  i  .  .  ..,.  - 
current  of  air  drawn  in  by  the  combustion.  In  one  of  the  recently  pnbhslud  nnmb«9t  ol 
the  *'  Joomal  of  tho  Society  of  Arts,'*   the  petroleum  lamps  of  Stiller  arv  vctr  bl^f 
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commended.  These  lamps  yield  a  light  equal  to  that  of  twelve  to  forty  wax-candles, 
while  the  construction  is  such  that  they  can  be  used  with  either  mineral  or  fatty 
oils  alternately,  and  without  the  necessity  of  trimming  the  wicks.  We  have  already 
alluded  to  the  so-called  benzoline  or  sponge  lamps  (see  p.  639). 

in.  Gas. 
^"TSSdriMi  nJu"  '^°**  For  many  hundreds  of  years  it  has  been  known  that  fossil  coals 
yield  a  combustible  gas,  and  even  in  very  ancient  times  the  observation  has  been 
made  that  large  quantities  of  combustible  gases  were  sometimes  evolved  from  coal 
and  other  mineral  seams,  also  from  salt-mines,  &c.  The  soil  contains  in  many 
localities  such  a  quantity  of  gas  that  by  boring  a  hole  the  escaping  gas  may  be 
employed  for  the  purposes  of  illumination.  In  the  neighbourhood  of  Fredonia, 
State  of  New  York,  a  native  permanent  source  of  gas  exists,  which  having  been 
accidentally  discovered  by  the  pulling  down  of  a  mill  situated  on  the  banks  of  the 
river  Canadaway,  has  been,  by  boring  into  the  bituminous  limostone,  enlarged,  and  a 
gasholder  constructed.  The  native  gas  now  serves  for  the  purpose  of  illuminating 
the  locality.  The  quantity  of  gas  collected  in  twelve  hours'  amounts  to  about 
800  cubic  feet,  and  consists,  according  to  Fouqu6's  researches,  of  a  mixture  of  marsh- 
gas  1CH4)  and  hydride  of  ethyl  (CaHe).  In  the  Szlatina  salt-mine,  situated  in  the 
Marmaro  Comitate  (Hungary),  illuminating  gas  is  constantly  evolved  at  a  depth  of 
90  metres  below  bank  from  a  marly  clay  which  is  interspersed  between  the  layers  of 
rock-salt.  This  phenomenon  was  known  in  1770,  and  the  gas  is  now  collected  in  a 
gas-holder  and  used  for  lighting  up  the  mine.  A  small  quantity  of  gas  is  also 
evolved  in  the  Stassfurt  rock-salt  mines.  The  Rev.  Mr.  Imbert,  who  as  a 
missionary  has  travelled  through  China,  states  that  in  the  Province  of  Szu  Tchhouan, 
where  many  bore-holes  for  rock-salt  have  been  made  to  a  depth  of  about  1500  to 
1600  feet,  gas  is  permanently  emitted  and  conveyed  in  bamboo  tubes  to  places  where 
it  is  used  for  lighting  as  well  as  heating  purposes,  more  especially  the  heating  of 
salt-pans  in  which  the  brine  is  evaporated.  In  Central  Asia  and  near  the  Caspian 
Sea  there  are  at  several  localities  so-called  eternal  fires,  which  are  due  to  the 
constant  evolution  of  gas  from  the  soil.  Similar  phenomena  are  observed  at  Arbela 
in  Central  Asia,  at  Chitta-Gong  in  Bengal,  and  elsewhere,  wliile  now  and  then  large 
volumes  of  gas  emitted  in  the  coal-pits  and  conveyed  to  bank  by  means  of  iron  pipes 
are  suffered  to  bum  for  several  days. 

As  regards  the  artificial  production  of  gas  from  coals,  Clayton  and  Hales,  1727  to 
1739,  made  the  first  observations  on  this  subject;  while  the  Bishop  of  Llandaff, 
1767,  exhibited  how  tlie  gas  evolved  from  coal  might  be  conveyed  in  tubes.  Dr. 
Pickel,  Professor  of  Chemistry  at  Wiirzburg,  lighted  his  laboratory,  1786,  with  the 
gas  obtained  by  the  dry  distillation  of  bones.  At  about  the  same  period  Earl  Dun- 
donald  mado  experiments  on  gas-lighting  at  Culross  Abbey;  but  it  should  bo 
observed  as  regards  these  experiments  that  they  were  made  more  with  the  view  to 
obtain  tar,  and  the  gas  evolved  by  the  distillation  of  the  coals  was  considered  a* 
curiosity.  The  real  inventor  of  practical  gas-lighting  is  William  Murdoch,  who  in 
1792  lit  his  workshops  at  Iledruth,  Cornwall,  with  gas  obtained  from  coals.  His 
operations  remained  unknown  abroad  for  some  ten  years,  and  hence  the  French 
consider  Lebon  as  the  inventor  of  gas-lighting,  since  he  lit  (1801)  his  house  and 
garden  with  gas  obtained  from  wood.  The  first  more  extensive  gas-work  was 
established  in  1802  by  Murdoch,  at  the  Soho  Foundry,  near  Birmingham,  the 
propert}'  of  ilia  celebrated  Boulton  and  Watt:    and  in  1804  a  spinning-mill  at 
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MaucUt'srpr  was  lighted  wiih  gas.  Fnim  tluit  period  gas-lighting  became  more  anl" 
mort;  gt^nerdlly  adopted  in  fftctories  and  workshups,  but  not  before  the  year  181 2  did 
tliis  mode  of  Hghting  become  introduced  into  dwelling  houses  and  streets,  a  few  of 
whieli  in  London  were  lit  with  gm  hi  this  yoar ;  vvliile  in  Paris  gas  was  first 
introduced  in  1820.  From  that  year  giis-Hghting  may  be  said  to  have  become  of 
general  importance  in  Europe,  and  now  there  is  hardly  any  important  place  on  thf 
Continent  where  it  is  not  in  use,  wliile  as  regards  the  United  Ivingdom  in  no  portion 
is  gas-making  and  lighting  &o  general  o\*er  town  and  country  as  in  Scotland. 
Among  tliG  more  recent  improvements  in  this  directiun  arc  Pettenkofer's  wood  ajid 
peat  gas  mamifacturo,  and  Ilirzels  gas  from  petroleum  residnes.  The  principle  of 
gas-lighting  is,  as  has  been  already  stated,  tiie  same  as  that  of  candles  and  oil  lamj*^. 
but  the  raw  materials  in  use  for  gas-raaking  are  not  by  themselTes  suited  for 
illtnainution.  and  it  is  tlierein  tliat  tlie  gr«,MiL  improvement  is  to  be  found. 

^Sla^li'iltull!*'  These  are  coals,  wood,  resin,  fatty  substances,  oil,  petroleum,  and 
water,  and  according  to  the  inaterijil  empUiyed  tlie  gus  ohtmue<l  is  designated  as  coil 
wood,  resin,  oil,  petroleiini,  and  water  gflF. 

coeIOm,*  I.  Coals  consist  of  carbon,  hydrogen,  oxygen,  and  small  quantities  of 
nitrogen,  mineral  matter,  or  ash,  and  contain,  further,  a  larger  or  smiUler  quantity 
of  iron  piTites,  TechnicaUy  we  distinguisli  in  Eughitid  gas  coals,  steam  coals,  wid 
houBehold  coals.  As  regards  the  first — the  so-called  caiinel  coals  usually  excepted — 
llicy  belong  to  the  class  tenned  caking  coal,  for  the  reason  tliat  this  kind  of  cool 
when  submitted  to  heat  softens  and  becomes  agglutiuttted.  According  to  IL  Fleck, 
•tlie  best  kinds  of  gas  coals  contain  upon  100  parts  of  carbon  2  parts  of  fixed 
{(ft^hundehen)  and 4  parts  of  dis^^o sable  {di^ponibkn)  hydrogen.  Among  tlie  best  gH?* 
coals  are  the  so-colled  cannel  coals,  tlie  term  cannel  being  a  corrupLioa  of  candle,  a* 
in  former  times  pieces  of  these  coals  were  in  some  parts  of  Scotland  and  Lancashire 
used  by  the  poorer  people  to  born  instead  of  cancUes.  Cannel  coal  ia  cMefly  found 
in  Scotland  and  Lancashire,  aUhougli  then.-  exist  seams  of  cannel  co»l  in  some  of  Uu- 
pits  of  Duriiara  and  Northumberland.  The  liogliead  coal,  or  Torbnne  Hill  mineral, 
is  not  properly  spealung  a  cannel  coal,  and  will — excepting  as  specimens  in 
museums — soon  have  disappeared  altogether ;  for  gas  manufacture  it  has  already 
become  quite  obsolete.  In  France  and  Belgium — in  addition  to  large  quantities  of 
imported  English  gas-coals  and  Scotch  cannel — the  coab  of  Mons  and  Commentr\- 
aro  used,  while  in  Germany  the  Saxony,  Silesian,  Westphaliau.  and  Xlhenish  coal- 
pits yield  excellfnt  gas-coals.  Gas-coal  slionld  be  as  much  as  possible  free  fn>m 
sulphur,  and  should  fnrtJier  contain  only  a  small  quantity  of  ash  ;  but  in  praclicv 
these  points  are  less  attended  U>,  because  the  defects  of  one  kind  of  cool  are  by^  good 
gas-makers  counterbalanced  by  the  better  properties  of  other  kinds. 

1  cwt.  (=50  kilos. I  of  German  coals  yields  on  an  a%*erage  14  cubic  meti'es,  or 
500  English  cubic  feet  of  gas,  and  35  kilos,  or  150  parts  by  bulk  of  coke.  1« 
England  it  is  usual  to  cianpnto  the  quantity  of  gas  yielded  per  ton  of  coals :  on  an 


•  1  cubic  metro  =  35 '3 1  EuKliRb  cubio  feet, 
40*22  Bftvarian     „       „ 
32*34  Rhenish      „       „ 
31*65  Vimrnii 
tooo  eubio  feet  English -28-31  cnbic  metrefi, 

1138  Hiinman  cubic  feaL 
915  llhcnish       „      „ 
8g6  Vienna         „      », 
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average  the  Newcastle  coals  yield  about  9000  to  9500  cubic  feet  of  gas  per  ton  of 
coals;  cannel  coals  vary  in  yield  from  10,000  to  12,000;  asregards  the  Boghead  variety 
it  gave  about  15,000  cubic  feet  of  gas,  but  much  depends  upon  the  mode  of  distilla- 
tion and  the  length  of  time  this  operation  is  continued.  It  should  be  borne  in  mind 
that  the  best  illuminating  gas  is  given  off  during  the  first  hours  of  the  distillatory 
process ;  the  latter  products,  though  adding  greatly  to  the  bulk  of  the  mixture,  contain 
much  of  the  comparatively  useless  gases  and  diluents.  The  mode  of  decomposition 
of  the  gas-coals  may  be  elucidated  by  the  following  diagram,  100  parts  of  coal  con- 
sisting of : — 


Carbon 

•     ...     •••     .*. 

78-0] 

Hydrogen  . 



40 

Nitrogen    . 



1*5 

Sulphur      . 



08 

Chemically  ( 

jombined  w^ater 

57 

Hygroscopic 

water   

50 

Ash      ...     . 

50. 

yield 


Coke      -     ... 

Illuminating  gas ... 
Tar        

Ammoniacal  water 


70—75 
30-25 


1000  lOO'O 

Pfodaeuof  UMDiatiiuuon.      Thcso  may  be  classified  into  four  chief  products : — 
,' Carbon 90-— 95 

5 


uaroon 

I.  Coke.  \  Sulphuret  of  iron  (Fe7S8)  ...  1  ,^ 

lAsh    r° 


100 


U. 


Ammoniacal 
liquor. 


fMain  constituents.  I  S^^??f *'  ?^  ammonia,   2  (NH,)aC03-f  CO, 
x«.aaix  X.MIXOU.  uvuw.  ^  gj^ipj^j^g  q{  aumiomum,  (NH4)2S 

Chloride  of  ammonium,  NH4CI 
Cyanide  of  ammonium,   NH4CN 
Sulphocyanide  of  am- 
monium, NH4CNS 


UL  Tar. 


fFluid, 


Hydro- 
carbons. 


CfiHfi 
C7H8 
CgHxo 
C9H12 


Solid. 


Acids. 


rBenzol, 
Toluol, 
Xylol. 
Cumol, 

Cymol,  C10H14 

Propyl,  C3H7 

tButyl,  C4HQ,  &c. 

Naphthaline,  CiqHs 

Acetylnaphthaline,  C12H10 

Fluoren,  (?) 

Anthracen,  C14H10' 

Methylantliracen,  CijHx, 

Reten,  CieHxa 

Chrysen,  CisHja 

^Pyren,  CjeHio 

(-Carbolic,  CeHeO 

Cresylic  (cresol),  C7H8O 

Phlorylic  (plilorol),  CsHioO 

Rosolic,  CaoHieO- 

Oxyphenic,  CeHeOa 

Creosote,  consisting  of  ( C7H80a 
three       homologous-!  CsHjoOa 

substances,  I  CgHiaOj 


CombinAtion« 
of    oxyphenk 
acid  and  adds 
of    methyl 
homologooa 

*  Has  become  important  as  a  sourco  of  alizarine,  in  consequence  of  the  discovery  of 
Oraebe  and  Liebermann,  1869. 
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UL  Tar,  ^Bnsci?. 


jTrridine,  C8H5N 
Aiiiline,  CeHyN 
jricoline,  C'eHgN 
I  Liitidinc,  O-II9N 
iCollitUne.  QH„N 


Ltfiicoliue,  C9H7N  Coridine,  CjoHt^X 

Iridolinc,    CroHoN  Bubidbic,  C„H,,N 

Crypiidine,  C,iIl,jN  Viridine,  CtaHj^N 
Acridine,       C^aHgN 


'  Anthraccn 

Asphaltc  fonning  compounds     Eiupjrciimatic  resina 

I  Carbon. 


IV.  IHummating 
gas. 


>  niuminnting 
or  liglit-yield-' 
IDg   coustitu- 
ants. 


Gases. 


Vapours .  - 


Diluents*  or  lighl^ 
bearers. 


y.  Impurities. 


.  Acetvien, 

\FMyh 

jTritvl 

(Ditenyl 

.Betizoi, 

Styrokn* 

Naphthaline. 

Acetvlii  opbUialine^ 

Fluoren, 

Propyl, 
^Bntyl, 

Hj  dro;*en. 

Metliyiliydrojjcn, 

Carbonic  oxide, 

Cftrbonic  acid. 

Ammrmift, 

Cyanogen, 
-  Snlphoc3'annj^'*^n 

Sulphnrt'1  led  hydrogen, 

Sulphide?  of  curbon, 

Snlphurelted  hydrocarbona 
^Nitrogen, 


C,H, 

C,H6 
C4H3 

CsHs 
CioHb 

CijHjq 

i?\ 
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UftooiMiiua «{ c««i ou.      Whether  coals,  resin,    wood,  peat,  or  other  materials 
employed,  the  manufacture  of  gas  involves  the  three  following  chief  ope 
viz. :— a.  The  obtaining  of  crude  gas  by  the  process  of  distillation,    b.  The  1 
tion  of  tarry  and  other  condensable  matters,     c,  The  purifying  of  the  crude  gas  1 
as  to  render  it  fit  for  use. 

a.  The  distillatory  process  or  making  of  crude  gas  is  effected  by  the  applicaticiii  of 
a  high  temperature — above  red-heat — and  exclusion  of  air,  and  is  carried  on  in 
vessels  which  are  technically  termed  gas  retorts  or  simply  retorts, 

Bdori*.  The  retorts  were  in  tlie  earlier  days  of  gas-lighting  always  made  of  cast- 
iron  and  of  cylindrical  sliape.  but  for  the  last  twenty  years  fire-clay  retorts  have 
become  very  generaOy  used,  though  they  have  not  altogether  superseded  the  use  of 
rast-iron  retorts,  which  were  found  inconvenient  for  only  two  reasons,  vi2,|  for 
wearing  out  loo  rapidly,  and  for  not  admitting  of  being  raised  to  the  very  high 
f^range-heat,  which  has  been  adopted  for  the  distillation  of  some  hinds  of  comiol 
roals.  As  regards  the  size  of  tlie  retorts,  tliis  varies  according  to  the  requirement!! 
of  the  works,  but  generally  the  retorts  are  sufficiently  large  to  hold  loo  kilos,  of 
leaving  from  05  to  0*6  of  the  interior  space  unlilled  for  the  purpose  of  olL  r 
room  for  the  expansion  of  the  coals.  The  diameter  of  such  a  retort  is  about 
54  centimetres  in  tlie  larger  axis,  and  43  to  45  centimetres  in  the  smaller  axis,  by  a 
kngth  of  25  to  3  metres.  One  end  of  Uie  retort  is  usually  cbised,  although  in  Bomo 
large  gas- works,  as  at  Edinburgh,  Glasgow,  Paisley,  fire-clay  retorts  of  very  great 
length  and  open  at  both  ends  are  in  use,  being  fired  by  two  furnaces  situated  at  each 
f  nd.     In  some  of  the  I*ondon  gas-workfi,  retorts  are  in  use  not  made  of  fire-clay,  ia 
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one  or  more  pieces,  but  built,  up  with  firebricks  or  slabs  of  fire-clay,  of  a  peculiar 
shape,  and  luade  for  tlie  purpose  in  Wales ;  tbese  slabs  are  put  together  mtli  a 
cement  of  pure  quartz  sand  tind  about  i  per  cent  of  lime,  or  a  cky  which  becomes 
pasty  and  adhesive  in  very  great  beat.  HAJtorts  of  this  kind  are  cheaper  and  stand 
rive  years*  wear.  Retorta  made  of  heavy  boiler-plate  rivetted  together,  as  well  a^ 
forged  iron  retorts,  weldud  together  like  the  iron  mercury  bottler,  are  also  in  use.  hut 
of  course  are,  in  the  furnaces,  protected  from  the  direct  action  of  the  fire  by  properly 
built  arches  Jitid  coverings  of  firebricks, 

Mnath^irc^^«^nd  Lii  ^he  retorts  are  always  fitted  with  a  separate  mouth-piece,  to  which 
during  the  process  of  distillation  tho  lid  is  fastened ;  this  mouth-piece  is  always 
made  of  cast  iron,  even  in  the  fire-clay  retorts,  to  wliich  it  is  fitted  by  a  flange  on  the 
retort*  tlie  flange  of  fire-clay  being  provided  with  six  to  eight  holes  for  putting  in  tlio 
screw  bolts  for  the  purpose  of  making  a  good  joint.  In  order  to  get  a  gas-tight  joint 
a  mixture  of  iron  filings  and  gj'psum  is  used,  which  is  made  into  a  paste  witli  an 
a<|ueou3  solution  of  sal-ammoniac.     The  month-piece  is  fitted  with  a  sliorl  tube  for 
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pose  of  giving  vent  to  the  gases  and  vapours  evolved  during  tho  distillation 
As  the  mouth-piece  is  placed  outside  the  furnace,  it  is  generally  of  longer  duration 
Umn  the  retorts,  and  tltcse  arc  moulded  to  suit  tlie  mouth -piece* 

Fig.  23a  exhibits  the  front  view  of  a  mouth-piece  of  a  D-shaped  retort.  Fig.  285 
exhibits  a  section*  B  is  the  opening  at  the  retort  end  ;  n  is  the  lid  for  closing 
the  retort  during  the  distillation.  At  ss,  Fig.  282,  are  seen  the  cast-iron  eyes 
intended  to  ;aupport  the  malleable  iron  bars  for  the  support  of  the  lid.  00,  Fig,  285, 
is  the  flange  wherewith  the  mouth-piece  is  fitted  to  tiie  retort.  D  is  tlie  short  piece 
of  tube.  Fig.  2S4  is  a  front  view  of  the  cast-iron  lid  of  the  retort ;  and  Fig.  285.  a 
view  of  the  side  of  the  lid  turned  towards  tlie  ret<irt.  As  will  be  observed,  the  lid  fits 
accurately  into  the  opening  of  the  retort.  The  nictliod  of  closing  or  rather  tightly 
fastening  the  lids  of  gas  retorts  is  exhibited  in  Fig.  2S6,  being  a  side  view  of 
tlte  mouth-piece,  mm  are  the  malleable  iron  bars  on  which  the  lid  Ls  supported  by 
meana  of  the  projections,  11  w.  Fig.  284.  Through  tlie  bars  mm  are  cut  openings, 
through  which  tlic  crofss^rar  /)  is  put,  and  in  its  centre  a  hole  with  screw  thread,  into 
wliich  is  made  to  fit  a  screw-bar  and  handle,  a.  By  tuniing  the  screw,  the  lid  ia 
forced  tightly  against  the  rim  of  the  mouth-piece  ;  hut  in  order  to  aecure  a  gna- tight 
joint,  a  lute  is  used  consisting  of  some  clay  or  spent  purifier  lime  and  clay  mixed. 

Another  mode  of  fastening  tlie  lid  is  exliihited  in  Fig.  2871  being  also  a  side  view. 
The  bars  mm  ore  in  tliis  instance  bent  at  one  end  where  tlio  cross-bar  a  is 
to  be  placed.     To  that  cross-bar  is  fitted  at  right  angles  aaothiT  bar,  w,  provided 
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at  one  end  with  a  heavy  iron  ball,  and  at  tlie  other  witJi  a  knee-bend,  so  tliat  hf 
pulling  the  ball  downwards  the  Hd,  «,  is  tightly  fastened. 

Boiort  Fornaoeii  The  rotoHs  Qt'O  placed  in  a  furnace  in  the  manner  eidiibjted  in 
Fig.  288.  that  is  to  say  they  are  placed  horizontally  and  supported  by  brickwork — 
technically  benches.  The  month-piece  projects  from  Uie  furnace,  each  of  wliich  may 
contain  two  to  three,  five  to  seven,  or  even  twelve  to  sixteen  retorts,  as  in  large  gas- 
works, in  which  case  the  lower  rows  are  of  fire- clay,  the  higher  of  iron. 
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***^ifuiluj*"''!it'**'*"'^  '^^^^  rtrtorls  are  in  some  works  charged  by  means  of  a  krgc 
teoop.  whicli  beinij  filled  with  the  ^juantity  of  coals  the  retort  is  intended  to  bo 
charged  with,  is  carried  by  four  men  and  then  lifted  into  the  retort,  and  being  over- 
turned  fills  tlio  retort,  after  which  the  scoop  is  withdrawn  and  tlie  lid  of  tlie  retort 
fastened  on.  But  in  many  gas-works  the  coals  are  thrown  into  the  retorts  with  shoveU. 
As  soon  as  the  retorts,  which  previously  to  being  filled  are  always  heated  to  red- 
hcat  or  higher,  are  charged,  and  tlie  lids  closed,  the  evolution  of  gas  is  very  strong, 
and  continues  so  for  some  time,  until  after  some  four  to  five  hours  the  distillation  is 
finished,  or  at  least  the  gas  then  given  off  is  not  worth  collecting.  In  Scotland  the 
distillation  is  not  continued  so  long,  three  or  three  and  a  half  hours  being  deemed, 
with  got>d  firing,  quite  suftleicnt,  cannel  coals  giving  off  their  gas  more  freely  than 
caking  coals.  The  lids  are  now  loosened  and  the  gas  at  the  mouth  of  tho  retorts 
l<hidkd  in  order  to  prevent  explosion  by  its  becoming,  as  would  be  the  case  if 
tlie  lids  were  ut  once  removed,  mixed  with  air.  The  red-hot  coke  left  in  tlie  retort  is 
raked  out  and  at  once  used  for  firing  tlie  funmccs,  or  put  ijito  iron  wheelbarrows 
and  wheeled  out  of  the  retort-house  into  the  yard,  there  to  be  qnenchcd  with  water 
and  kept  for  sale.  Cannel  coals  do  not  as  a  rule  yield  a  good  coke,  but  only  broken-up 
black  shaly  breeze,  which,  however,  along  with  some  dead  oil,  is  used  in  tho  Scotch 
gas-works  for  heating  the  retorts.  On  an  average  one-tliird  of  the  coke  oblainod  is 
required  for  firing  the  retorts, 

Tbo  Hydntuie  Main.  Wg  Understand  by  the  hydraulic  niain  a  vessel  witli  which  ar« 
connected  tJie  ascending  tubfs  leading  from  the  retorts.  As  a  rule  tlie  hydraulic 
main  is  jdaced  on  the  top  of  tlie  furnace  in  which  the  retorts  are  ignited.  TJie 
diameter  of  the  ascending  tubes  varies  of  course  with  the  size  of  iJie  retorts,  but  is  ou 
an  average  12  to  iS  criitimetres.  The  hydraulic  main,  of  which  »,  Fig.  288.  U 
a  sectinn  at  right  angles  to  the  longitudinal  axis,  is  a  wide  pipe  of  cast-iron  or 
of  boiler-idates  ri veiled  t/»gelher»  anil  Imving  an  average  diameter  of  30  to  60 
centims.  It  is  either  cylindrical  or  Q-sliaped,  and  extends  t>vcr  the  entire  length  of 
the  row  of  furnaces.     The  hvdraulic  main  is  intended  to  act  as  a  receiver  for  all  Ui« 
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voktile  prodncts  of  liic  distillation,  while  at  tlie  same  time  it  affords  to  every  sing 
retort  a  hydraulic  valve,  shutting  it  off  from  the  ot!ier  retorts,  and  preventifl^ 
effectually  any  gas  finding  its  way  back  to  tJic  retorts  when  opened  at  iJic  month. 
The  mode  of  connoction  between  the  retorts  and  the  hydraulic  main  is  bLowh  in 
Fig.  2S9.  A  is  the  o^cending  tube;  n  the  saddle  pipe;  c  the  dip  tube  carried  down- 
wards into  the  hydraulic  main ;  d  is  the  main  ;  and  m  the  liquid— viz,  tar,  or  at  th*» 
first  starting  of  a  gas-work,  water.  Fig.  290  exliibits  a  somewhat  different  mode  of 
connecting  the  retorts  and  hydraulic  main.  There  is  fitted  to  this  main  a  syphon 
lube  for  rimning  off  llio  excess  of  tar  to  tlie  tar  cistern,  and  on  the  top  of  the  main 
is.  as  exliihitcd  in  Fig,  288,  a  wide  iron  tube  for  earrj-ing  off  the  gas  to  tli« 
condensing  apparatus. 


Fio.  289. 
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*^^'*^AtJlSt'i'*'***"  ''•  '^^^^  volatile  products  of  tlie  distillaiiou  which  are  not  con- 
densed in  the  hydraulic  main  are  carried  off  witli  the  permanent  gases^  The  reader  1 
should  observe  tliat  a  compoi-jitively  very  high  temperatui'c  prevails  in  tlie  ascending 
tubes  and  hydraulic  main.  These  volatile  products  are  gas»  steam  vapours  of  tor, 
the  steam  containing  in  solution  and  suspension  various  ammoniacal  compounds. 
Before  the  gas  can  bo  purified  it  has  to  be  cooled  and  deprived  of  a  number  of  sub- 
slances  wMch  are  in  fact  impurities,  inasmuch  aH  they  would  impede  tlie  flow  of  gas 
through  the  pipes  if  thoy  were  not  got  rid  of.  The  condensing  process  may  be  carried 
on  in  various  ways»  but  on  the  large  scale  tlie  most  efficient  is  the  very  simple 
expedient  of  causing  the  gas  to  pass  through  a  series  of  cast-iron  pipes,  as  exhibited 
in  Fig.  291,  in  vertical  section;  also  in  D,  Fig.  288.  These  tubes,  placed  in  the  opt-n 
air— in  warm  climates  or  in  hot  summer  weather  arrangements  being  made  to  cool 
tlio  pipes  externally  by  a  stream  of  water— *ai'e  cx)nnccted  with  each  other  at 
tlio  top,  and  rest  in  a  largo  cast-iron  tank,  p,  which  by  means  of  partitions  b 
divided  into  compartmcnta  not  communicating  with  each  other,  being  hydraulicalh* 
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locked.  Eaeli  compartment  is  fitted  with  an  inlet*  vk  nnd  an  ouUet,  n.  In  this  tanl< 
the  gas-wfltcr  or  ainmoniaeal  liquor  and  tar  are  collected,  while  the  heiglit  these 
fluids  should  occupy  in  the  lank  is  regulated  hv  a  tulw,  d,  or  as  seen  in  Fig,  288,  at  ii» 
by  a  syphon  tube.  The  condensed  liquids  flow  to  the  brickwork  tank,  q.  and  thence* 
to  the  tar  cistern.  Tlie  inlet  tubes  dip  to  some  depth  into  tlie  fluid  so  as  to  foroo  llu* 
^ns  to  pass  through  it.  The  size,  nnrabcr,  and  height  of  these  condensing  tnl  es 
depends  on  tJie  quantity  of  gas  which  has  to  be  cooled  in  a  given  time ;  on  an 
ttvcmge  50  to  90  square  feet  of  surface  of  tubes  is  allowed  for  1000  cubic  feet  of  gaa 
to  be  cooled  per  hour* 

Tht  s<robbej.  In  many  of  tlie  larger  gas-works  the  gas,  after  it  has  issued  from  the 
tube  condenser,  is  passed  through  an  apparatus  termed  the  scrubber,  for  the  purpose 
of  more  completely  deprivinjj  it  of  tany  matter  before  sending  it  on  to  the  purifiers, 

Fm   291. 


and  also  for  getting  rid  of  tlie  ammonia  and  sulplj ;  Tlie  ratiomU  of 

be  mode  of  action  of  the  scrubber  is  similar  to  thut  !  on  a  minato 

Rbcale  in  practical  cheniistiy,  when  a  gas  or  vapour  is  |  -li  a  glass  tube 

fdled  wiUi  pumice- stone,  so  that  in  a  limited  space  a  great  surface  is  provided* 
The  scrubber  consists  of  cylindncnl  cast  or  malleable  iron  chambers  of  suflicient 
size,  and  filled  with  lumps  of  coke  or  fire-brick,  which  are  constantly  moistened  witli 
water.  Fig.  292  exldbits  a  sectional  view  of  a  scrubber,  also  seen  in  Fig,  288  at  00. 
The  cylinder  has  a  diameter  of  i  J  to  1 1  metres,  by  a  height  of  3  to  4  metres ; 
the  vessel  is  fiHed  witli  coke,  wluc);  is  kept  muiat  by  means  of  water  introduced  by 
the  rotating  perforated  tube,  h.  The  inlet  of  the  gas  is  at  i ;  it  proceeds  upwards 
through  tiie  colimm  of  coke  and  on  reaching  the  top  passes  off  do^vnwards  through 
m  to  the  second  scrubber.  At  the  lowest  bend  of  the  exit  or  outlet  tubes  h 
syphon  pipe  is  fitted  for  the  pui-pose  of  draining  ofl"  water  aud  tai-ry  matters  which 
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collect  in  tlie  reservoir,  m*  The  use  of  the  scrubber^ihe  gas  haraiy  requires  any 
additional  pressure  to  he  camurl  through  it — effects  a  saving  of  the  purifying 
iiiateriiils,  Ume,  &c.,  by  cautsing  the  gas  to  be  tlioroughly  washed  aud  coaled: 
m  other  terras — meclianicolly  puritied. 

tLxhwaM^t.  This  apparatus,  idso  termed  tlie  aspirator^  is  placed  between  the 
hydraulic  main*  being  connected  with  the  gaa  leading  pipe,  or  between  tlic 
condensers  and  tlie  piuniiers.  It  is  intended 
to  fsuck  or  pump  tljc  jriis  from  the  retorts  so  as 
to  diiniuisk  their  iuternuL  pressure.  Tliis 
pressure  aniounts  in  some  cases  to  nearly 
15  lbs.  to  tlie  square  inch,  and  it  was  found 
that  uuder  tluit  pressure  a  great  deal  of  gas 
was  lost  through  Uie  pores  of  the  lire  clay 
retorts,  cspeciaUy  when  new,  being  then  not 
coaled  wiOi  a  lilni  of  graphite  wliich  after- 
wards acts  as  an  impermeable  hiyer.  The  aspi- 
rators also  serve  to  remove  the  gaseous 
mixture  as  rapidly  as  possible  from  the  red- 
hot  retorts  and  coke,  and  tluis  prevent  the 
partial  decomposition  of  valuable  illvnninating 
constituents  of  Oie  gns,  by  whiili  detNaupo- 
silion,  moreover,  the  retorts,  iron  as  well  as 
tirc'clay,  become  lined  witJi  a  griiptiite-like 
coke,  which  impairs  the  condncting  power  for 

heat,  as  well  as  decreases  tlio  internal  cubic  capacity  of  tJie  retorts.  The  inlru- 
duction  of  exhausters  dates  fi*>m  1S39,  when  Grafton  made  and  tried  tlio  first.  Ilia 
amiugement  was — a  box  filled  with  water  for  about  three -fourtlis  of  its  capacity^ 
while  in  tlie  box*  on  an  axis  projecting  outside,  tlirough  gas-  and  water-tight  sluiSfl 
boxes,  four  circularly -bent  scoops  were  fixed,  so  that  on  a  rotating  motion  being 
imparted  to  the  axis,  and  thereby  to  tlie  scoops,  a  pailial  vacuum  was  formed,  and  Uie 
gas  inspired  into  the  apparatus,  and  tlience  carried  oQ  by  side  tubes.  Tliis  apparatus 
has  never  been  of  any  practical  use  in  gas-works.  Next,  the  so-called  bell 
exhauster  w^as  used;  Uie  principle  of  this  apparatus — similar  in  construction  to 
that  in  use  in  paper  mills^being  in  reality  nothing  else  than  a  hydraulic  air- 
pump,  consisting  of  two  or  three  large  bcll-Bhaped  iron  vessels,  connected  together 
and  placed  in  tanks  lilled  with  water,  and  moved  slowly  upwards  and  downwards  by 
mechanical  power.  Under  each  of  these  bell-ahaped  vessuls  an  inlet  and  outlet 
pipe  is  fitted  provided  with  valves.  There  liave  been  a  great  many  vadoiuJlj 
constructed  exhausters  proposed;  some  of  tliese,  Anderson's  for  instance,  are 
simihir  to  the  cylinder  blowing  macliines  in  use  with  bhist  furnaces;  otlier^ 
again  are  similar  in  construction  to  llic  double-acting  air-pumps  of  low-prt'ssure 
marifie  steam-engines;  some  to  ccnlrifugid  pumps.  With  tlie  fire-clay  retorts, 
now  very  generally  adopted  in  gas-works,  the  use  of  exhausters  is  aluio&t  a 
necessity,  and  tJie  apparatus  ia  always  fitted  up  with  new  gas-worka.  Of  course 
accessory  of  tlie  exliaustcr  is  a  sraall  steam-engine  and  boiler. 

t^i/yiofOtt*.       c.  The  crude  gas  Imving  l>eeu  passed   through    tlie   apparatus  jnsi' 
described,  and  mechaniculiy  purified,  is  sfmt  on,  as  it  is  technically  termeil,  to  tlie 
purifiers,  in  order  to  eliminate  by  chemical  means  such  substances  as  sulphuretted 
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hydrogen,  carbonic  acid,  and  various  ammoniacal  compounds,  carbonate  of  ammonia, 
snlphuret  of  ^mmonium,  cyanide  of  ammonium,  &c. ;  and  also  some  of  the  compound 
ammonias,  as,  for  instance,  aniline,  iridoline,  &c.  At  the  outset  of  the  gas-lighting 
industry,  quick-lime  was  the  only  material  employed  for  purifying  purposes,  this  sub- 
stance being  at  first  employed  in  the  form  of  a  thick  milk  of  lime,  the  purifier  being 
so  constructed  that  the  crude  gas  was  brought  into  intimate  contact  with  tlie  fluid, 
which,  in  order  to  prevent  the  lime  from  forming  a  sediment,  was  kept  in  constant 
motion  by  a  stirring  apparatus ;  while  the  purifier,  made  of  cast-iron,  was  provided 
with  inlet  and  outlet  pipes  for  the  gas,  a  pressure  gauge,  and  the  necessary  syphon 
pipes  and  valves  for  letting  out  tlie  waste  milk  of  lime  and  re -filling  the  vessel. 
Variously  arranged  wet  lime  purifiers  have  been  devised,  and  among  them  some 
which  act  also  as  exhausters;  but  notwitlistanding  the  very  satisfactory  results 
obtained  by  the  use  of  wet  lime  purifiers,  the  gas  being  very  effectually  freed  from 
carbonic  acid,  sulphuretted  hydrogen,  and  ammonia,  there  is  the  defect — ^first,  of 
the  back  pressure  on  the  retorts  and  other  apparatus;  and  secondly,  a  difficulty 
in  the  mode  of  so  disposing  of  the  very  foetid  waste  lime  liquor  as  not  to  create  a 
^nuisance;  hence  it  is  tliat  the  wet  lime  purifiers  have  been  almost  entirely  super- 
seded by  the  so-called  dry  lime  purifiers.  These  are  large  square  iron  boxes  fitted 
inside  with  movable  trays  resting  on  ledges  and  provided  with  sieve-like  perforations, 
and  either  made  of  iron  gratings  or  iron  plates,  or  even  wooden  boards,  on  which  the 
previously  slaked  and  somewhat  moist  lime  is  carefully  placed  in  layers  of  uniform 
thickness  to  a  height  of  20  centimetres,  tliere  being  in  every  purifier  box  from  five  to 
eight  frames.  The  purifier  is  usually  divided  into  two  compartments  by  a  partition, 
so  that  the  gas  which  enters  from  the  bottom  of  one  compartment  has  to  ascend 
through  the  layers  of  lime  of  the  inlet  compartment,  and  to  descend  through  tliose  of 
tlie  outlet  compartment.  The  gas  passes  through  the  layers  of  dry  lime  readily 
enough  and  almost  without  producing  any  back  pressure,  and  there  is  no  necessity 
to  render  tlie  lime  more  porous  by  the  addition  to  it  of  eitlier  moss,  sawdust,  chopped 
straw,  &c.  As  to  the  quantity  of  lime  required  for  the  purpose  of  purifying  a  cer- 
tain volume  of  gas,  it  is  stated  that  for  1000  cubic  feet  of  crude  gas  from 
Newcastle  coals,  26  kilos,  of  unslaked  quick-lime  are  required.  With  careful 
selection  of  tlie  gas-coals  to  be  carbonised,  and  a  well-conducted  distillation  and 
mechanical  purification  of  the  crude  gas,  tlie  lime  purifying  process,  especially 
if  wet  and  dry  purifiers  both  are  used,  as  is  the  case  in  some  of  the  largest  gas- 
works in  Scotland,  yields  excellent  results,  and  there  is  no  need  for  any  otlier 
purifying  materials ;  while  the  spent  lime,  as  is  the  case  in  Scotland,  is  found  useful  as 
a  manure,  as  well  as  for  building  purposes  with  some  fresh  lime  and  sand.  It  is,  how- 
ever, true  that  in  many  places  the  gas  thus  made  is  too  impure  for  use  in  dwelling 
houses,  and  a  more  complete  elimination  of  the  ammonia  and  some  of  the  sulphur 
compounds  is  found  to  be  absolutely  necessary.  Since  1840  nn  immense  number  of 
gas-purifying  materials  and  contrivances  have  been  brought  forward  and  tried  but 
again  abandoned.  It  is  entirely  beyond  the  scope  of  this  work  to  enter  into  more 
than  a  very  slight  sketch  of  the  various  gas  purifying  processes ;  but  we  give  the 
following  particulars  on  this  subject. 

It  cannot  create  any  surprise  when  wo  find  that  acids  and  metallic  salts  should  have 
been  called  in  to  aid  the  absorbing  of  the  ammonia  and  sulphuretted  hydrogen  from  coal- 
gas.  Protosulphate  of  iron  has  been  here  and  there  resorted  to,  of  course  in  aqueous 
jolution.  Mallet  (1840)  commenced  the  use  of  the  residue  of  the  chlorine  manufacture, 
crude  chloride  of  manganese,  for  the  same  piurpose.    Far  more  important  is  the  method 
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first  soggeated  in  1847  by  R,  Lamiiig,  and  now  gdtnerally  known  as  the  Laming  pnri- 
lying  process.  As  origliially  patented,  the  inixtnre  wna  composed  of  protocbloride  of  iron 
with  quick'limo  or  chalk,  and  in  order  to  keep  the  mass  porouB  euNvdiij^t  was  ftdde " 
Ini^tead  of  protocbloride  of  iron,  solpbatt'  of  iron  is  now  moxo  generfllly  used,  and  miit 
with  previously  sifted  and  slaked  liine,  and  one-fifth  to  one-fouith  of  its  balk  of  sawdu 
The  mass  is  then  placed  in  beds  or  lay  era  exposed  to  open  air,  moistened  with  water,  uid 
i^,  after  twenty-four  hours,  fit  for  UHein  the  same  apparatus  as  is  employed  in  thedrylims 
purifying  process.  According  to  the  results  of  the  scientifio  reaearcbes  of  A,  WagDcr 
(1867),  G^lis  (1862],  of  Breseins,  Deicke,  and  others,  the  peroxide  of  iron  of  the  Laming 
mixture  becomes  converted  by  the  snlpbaretted  hydrogen  into  sesquiaoJphuret  of  iron 
(FeiSj)^  and  by  exposure  to  air — reTiTif3ing  process,  for  which  purpose  old  purifieo^  are 
used,  air  being  forced  through — ^the  snlphur  is  separated  again,  and  oxide  of  iron 
mechanically  mixed  with  gulphur  is  left.  This  mixture  may  be  used  sereral  times,  and 
as  mentioned  iu  the  earlier  pages  of  this  work,  the  sulphur  may  be  odTantageou^ly 
extracted  from  this  mixture.  Gauthier-Bouchard,  at  Paris,  has  proved  that  the 
Laming  mixture  may  be  ui^hI  on  the  large  scale  for  manofacturing  Berlin  bine  and 
pniefiiate  of  potash  ;  while  Menier,  at  Mariseilie^,  prepares  annually  12  to  15  tons  of  sujpuij 
cyanide  of  ammoiuam  from  the  spent  gas-purifying  materials.  Very  recently  {1S69)  the 
proposition  has  been  made  to  withdraw  the  benzol  containc^d  in  illuminating  gas  by 
pasNing  the  gaa  thrtiTigh  heavy  oils  of  tar,  from  which  the  benzol,  to  be  nsed  for  aniline 
making,  is  to  be  separated  by  fractioned  distillation,  and  the  gas  again  rendered  Inniinous 
by  paseiing  it  through  benzoline,  light  petroleum  spirit.  It  is  evident  that  coneidering  the 
great  bulk  of  gas  to  be  operated  upon,  this  proposal  or  suggestion  will  be  diflScult  lo  carry 
out  in  practict;,  and  also  costly  in  eouBequence  of  the  opparatua  rcquiretl. 

au^oidcn^  These  upparntiia,  sometimes  but  less  correctly  termed  gasometers. 
serve  as  well  for  the  purpose  of  storage  of  the  great  bulk  of  Uie  gas  as  for  causing  a 
sufficient  pressure,  bo  as  to  regulate  its  Ibjw  through  the  street  moina  and  burners. 
The  gas-liolder  consists  of  three  parts,  viz. : — 1.  The  tank,  a  cylindrical  water-tight, 
more  or  lesa  deep  vessel,  with  vertical  sides,  filled  with  water  as  a  hydraulic  Inb 
2.  llie  bell,  or  rather  inverted  cylinder,  which  can  move  freely  between  tlie 
pillars  by  the  aid  of  grooved  rollers  or  pulleys,  which  work  on  iron  bars  fitted" 
against  the  stand-pillars.  3.  The  large  iulcl-pipe  which  communicatea  with  tlie 
purifiers,  and  the  outlet-pipe  which  communicates  \nth  the  street  mains,  each  being 
supplied  with  valves  and  syphon -boxes  for  the  purpose  of  collecting  any  WA&er 
which  might  condense  or  otherwise  find  its  way  into  these  pipes. 

The  tank  was  in  former  days  made  of  wood,  then,  when  the  size  of  the  gas^liDMen 
was  increased,  of  cast-iron  plates  tilted  with  flimges  provided  \^itJi  holes  for 
screw-bolts,  the  joints  being  filled  with  cement  so  as  to  make  a  water-tight  vessel. 
Now  the  tanks  are  constructed  by  digging  to  a  greater  or  loss  depth  into  the  soiJ^  the 
bottom  and  etdes  being  laid  in  brickwork  with  a  water- tight  cement  backed  by  & 
puddling  of  clay»  In  some  few  cases  the  tank  is  constructed  as  exliibited  in  Fig,  295. 
where  a  cone  remains  covered  by  brickwork,  but  as  water  is  generally  plentiful,  and 
is  leas  costly  than  the  expense  attending  this  arrangenieiit.  it  is  not  usual*  The 
bell  or  holder  is  always  made  of  sheet-iron  plates  rivuded  together,  care  being  taken 
either  to  put  red-lead  putty,  or  broim  paper  soaked  with  reddead  paint  or  thick 
boiled  tir  between  tlie  ovt>rbip[iings  of  the  plates  so  us  to  obtain  good  joints.  The 
plates  are  inside  and  outside  painted  with  iron-paint  or  coated  with  boiled  caal-tar 
Formerly,  with  gas-holders  of  a  capncily  varying  from  30,000  to  ik>,ooo  cubic  fcH?t, 
the  bell  was  suspended  by  means  of  iron  chains  led  over  pullev^s  fastened  U>  the 
stand  columns  and  provided  witli  heavy  weights  for  the  puqiose  of  cottnterlialancin 
iJie  too  great  weight  of  the  iron  holder  and  to  regulate  the  pressure  exerted  upon  1 
gas;  but  with  the  very  largo  h*»lder8  now  in  use.  and  the  pmcticoof  building  thorn 
of  Uiinner  iron  plates,  tlie  holders  mo  simply  made  to  move  fredy  belween  tlie 
stand -columns  as  exhibited  in  Ftg.  293.     In  order  to  gain  space  with  the  same  deptJi 
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ofiunk,  the  so-called  telescopic gas-liolilers  arc  constructed,  being,  in  fact,  one  ormorf 
cylinders  fitting  into  each  other  and  capable  of  sliding  tipwarda  and  downTftrda,  tlie 
topmost  cylinder  only  being  fitted  irith  a  roof,  while  a  gastight  joint  i«  obtained  by 

Fio.  2g3. 


Lt 


^ ^ 


n  hydraulic  Inte.  The  inlet  nnd  outlet  mains  are  of  cast-iron,  and  open  just  a  few 
inches  above  the  level  of  tlie  water  in  the  tank  (Figs.  288  and  293).  A  peculiar 
construdion  of  gas di older,  invented  by  Pauwels,  at  Pari5,  and  in  uso  in  some  of  tlie 
gfts-works  of  that  city,  is  exhibited  in  Fig,  294.     Tlie  inlet  and  outlet  pipes,  a  and  &, 

Fto«  294. 


il 


are  in  this  gas-1  wider  connected  with  the  roof,  and  consist  of  several  pieces  with 
joints  fitted  with  gsis-tight  stulling-boxes,  the  arrangement  being  readily  understood 
from  the  engraving.  The  advantage  is  that  all  chance  of  Hooding  of  Uie  inlet  and 
outlet  pipes  is  prevented,  but  the  arrangement  is  expensive  and  not  compatible  with 
ttdi'St^o|iic  gas  holders  ;  moreover,  the  level  of  the  water  in  the  tanks  of  gas-holder? 
43 


CHEMICAL  TECHNQLOOY, 


ia  rarely,  if  ever,  fiulyect  to  any  gr^at  increase  in  height,  because  a  drain -pipe  i* 
fitted  to  the  upper  rim  of  the  tank  for  carrying  off  rain -water.  Gas-engineers  well 
enough  know  that  it  is  difi&cuU  in  many  caaes  to  prevent  leakage  from  tanks  so 
effecttially  that  there  should  be  much  risk  of  the  audden  flooding  of  the  inlet  an«l 
outlet  pipes  by  a  rusli  of  water.  Small  gas-holders  are  often  provided  with  a  scale, 
thu  divisions  of  which  correspond  to  certain  qnantities  of  cubic  measure;  but  hvge 
piB-works  are  nearly  all  fitted  with  a  station -meter,  tlirough  which  all  the  gas  made 
ho^  to  pass  previous  to  entering  the  gas-holders,  and  by  means  of  tliis  meter  a 
control  is  kept  over  the  quantity  of  gas  made.  The  cubic  capacity  of  every  gas-holder 
ia  of  course  accurately  known.  The  size  of  the  gas-holders  varies ;  some  at  very 
small  works,  for  villages,  railway-stations,  country-seats,  Ac,  are  only  looo  to  3000 
cubic  feet  capacity,  while  there  exist  gas-holders  of  enormous  size*  45  metres  diaiaetcr 
by  20  in  height,  which  contain  t  milliim  cubic  feet  According  to  lliedinger's  rule*  the 
cubic  capacity  of  a  gas  holder  should  be  equal  to  2  to  zi  times  the  average  daily 
quantity  required, 

The  filUng  of  a  gas-holder  is  proceeded  witJi  in  the  following  manner: — The  outlet 
main-pipe  having  been  shut  ott  by  the  closing  of  the  valve  fitted  to  it,  gas  is  admitted 
tlirough  the  inlet-main  into  the  holder ;  the  gas  accumulating  in  tlie  latter  exerts  a 
pressure  upon  the  water  in  the  tank,  which  consequently  is  depressed  inside  the 
holder  &nd  rises  higher  outside  it.  while  gradually  the  liolder  is  lifted  by  the  force  of 
the  gas,  the  inlet  valve  being  shut  off  as  soon  as  tlie  holder  is  filled  to  within  about 
20  centimetres  of  its  height,  Wlicu  the  outlet  valve  is  then  opened  the  gas  flows  into 
tlie  street  mains*  tlie  pressure  being  obtained  from  the  weight  of  the  holder.  In 
order  to  ascertain  the  quantity  of  the  gas  made,  it  is  measured  by  a  large  gftso* 
meter,  technically  termed  a  station-meter,  and  placed  between  the  purifiers  and 
the  inlet  to  tlie  gas-holders.  The  construction  of  these  station -meters  is  veiy  simikr 
to  that  of  the  ordinary  wet  gas-meters. 

Very  little  is  known  as  to  the  composition  of  the  gas  at  the  diiferent  stages  &f  its 
manufacture  from  the  moment  it  enters  the  hyibaulic  main  to  the  moment  it  enters 
tlie  street  mains.  The  experiments  of  Firle,  made  at  Bre&lau  in  i860,  are  ¥cr>' 
valuable,  but  only  relate  to  a  special  inquiry, 

Firle  tested  coal-gas :—(«)  after  it  left  the  condenser;  (//}  after  it  left  the  scrubber: 
(c)  as  taken  from  the  washing-machine ;  (J)  as  taken  from  the  purifier  containing 
Laming's  mixture ;  {e)  as  taken  from  the  lime-purifier,  consequently  thoroughly 
purified  gas  as  sent  into  tlie  holder  :— 

Hydrogen , 

Marsh-gas... ,     .., 

Carbonic  oxide 

Heav}'carbnretted  hydrogens... 

Nitrogen    ...     ...     , 

Oxygen      .*.     ., 

Carbonic  acid 

Sulphuretted  hydrogen 

Ammonia , 

Eeferring  these  figures  to  bulk,  and  taking  1000  cubic  feet  of  crude  gaa  as  t&ti  unit 
quantity,  we  find  the  foUowing  proportions :— 


a. 

b. 

c. 

d. 

t* 

37*97 

3797 

3797 

57*97 

3797 

397S 

3S81 

3848 

4029 

39*37 

721 

715 

711 

3'93 

397 

419 

466 

446 

466 

429 

4'8i 

499 

6'8g 

786 

999 

031 

0*47 

015 

0-48 

o*6i 

373 

387 

339 

333 

0*41 

106 

147 

056 

0-36 

• — 

o'95 

0^54 

— 

— 

_ 
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Cabio  feet. 


a.  6.  c.  d,  e. 

Hydrogen     380  380  380  380  380 

Marsh-gas    390  388  384  403  394 

Carbonic  oxide        72  71  71  39  30 

Heavy  carburetted  hydrogens  ...  42  46  45  46  43 

Nitrogen       ...  ' 48  50  69  79  icx) 

Oxygen 3  5  2  5  6 

Carbonic  acid       40  39  34  33  4 

Sulphuretted  hydrogen      15  15  5  3  — 

Ammonia      10  5  —  —  — 

icxx)        999        990        988        966 

The  above  results  exhibit  the  changes  which  tlie  composition  of  the  gas  undergoes 
during  the  purifying  process  as  well  as  the  action  of  the  different  apparatus.  When 
1000  cubic  feet  of  gas  composed  as  stated  in  (a)  enter  the  purifying  apparatus,  in 
each  of  these  there  is  taken  up  of  the  absorbable  gases,  •  chiefly  carbonic  acid, 
sulphuretted  hydrogen,  and  ammonia,  the  under-mentioned  quantities : — 

For  1000  cubic  feet  in  cubic  foot  measure : — 

Washing-     Laming's        Lime- 
Scrubber,     machine,      purifier.        purifier. 

Carbonic  acid     i  5  i  29 

Sulphuretted  hydrogen    ...  —  10  2  3 

Ammonia    5  5  —  — 

Carbonic  oxide —  —  32  — 

Oxygen       —  3  —  .        _ 

The  original  bulk  of  the  gas  decreases  consequently  steadily,  and  there  remain  of 
xooo  cubic  feet  of  crude  gas  after  leaving : — 

The  scrubber    994  cubic  feet. 

The  washing-machine     971      „       „ 

The  Laming's  purifier    936      „      „ 

The  lime-purifier     914      „      „ 

This  is  correct,  premising  that  the  other  constituents  of  the  gas  are  unabsorbed^ 
which  really  is  so,  as  we  may  neglect  the  very  small  quantities  of  marsh-gas  and 
heavy  hydrocarbons,  which  are  kept  mechanically  arrested  in  each  purifying  appa- 
ratus. The  bulk  of  the  gas  is,  however,  slightly  increased  by  an  addition  of 
atmospheric  air.  1000  cubic  feet  of  the  crude  gas  (a)  contain  51  cubic  feet  of  oxygen 
and  nitrogen ;  this  quantity  is  increased : — 

In  the  scrubber  by    4  cubic  feet. 

In  the  washing-machine  by     20      „      „ 

In  the  Laming's  purifier  by     33      „      „ 

In  the  lime-purifier  by     55      „      „ 

By  this  addition  the  total  bulk  of  the  gas  in  each  apparatus  is  again  increased,  and 
amounts  (taking  account  of  the  variable  quantity  of  marsh-gas  and  heavy  carba- 
retted  hydrogen  compounds)  for  1000  cubic  feet  unit  quantity: — 
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After  leaving  tlie  ecrubber.  to       goo  cubic  feet 

„         „    wasliing-macldce,  to  .     990      ♦,      ,. 
„        „  t,    Laming's  purifier,  to  .    988      „       ,» 

„        ,,  ,t    lirae-purilier,  to...     ...     9G6      „       ». 

It  is  understood  that  temperature  and  pressure  remain  constant  during  Uie  puri- 
fying process, 

i^iitritwitton  at  ou  -  GeneraU>%  in  the  United  Kingdom,  and  as  regards  coal-gas  also 
abroad,  the  gas  is  conveyed  to  tbe  localities  where  it  is  to  be  burnt  by  means  of  cast- 
iron  pipes  laid  underground.  But  so-called  portable  gas  {^as  portatif)  is  still 
made  abroad  and  conveyed  to  the  consumers  In  large  gas-tight  bags  placed  in  cars, 
the  bags  being  emptied  at  tbe  bouses  of  the  consumers  into  &muU  gns-holdcrs.  Tlje 
materials  from  wliich  tlds  land  of  gas  is  made  are  generally  such  {refuse  of  oil,  oil  of 
bones,  very  crude  olive  oil,  resins,  &c.)  as  yield  a  gas  of  far  bi^dier  illurainathig  power 
bulk  for  bulh  than  coal -gag.  so  that  a  comparatively  small  bulk  of  gas  will  suffice  f*>T 
even  a  large  number  of  burners.  The  pressure  exerted  upon  the  gas  in  tlie  holders 
causes  it  to  move  tJirougb  the  pipes.  The  amount  of  this  pressure  is,  however, 
usually  regulated  at  the  works  by  a  peculiar  mechanical  contrivance,  so  as  to  make 
it  as  uniform  as  possihle  over  the  total  length  of  the  nmiiis  and  service-pipes.  Coal- 
gas  being  lighter  than  air  has  a  tendency  to  rise,  and  for  tliis  reason  it  is  considered 
preferable  to  build  gas-works  at  the  lowest  level  of  tho  locality  it  is  intended  to 
supply,  because  a  less  pressure  is  sufficient  for  moving  the  gas  through  the  mains. 
The  pressure  at  the  burners  should  be  from  005  too' 15  of  an  inch,  water-gauge 
pressure,  while  at  the  gas-works  a  pressure  of  2i  to  5  inches  (water-gauge)  is  quite 

sufficient  to  force  gas  to  any  distance  within  a  circuit  of  several  miles.  ■ 

The  street  mains  are  made  of  cast-iron,  and  laid  under  the  pavement  at  a  suitatl^^H 
deptJu  varying  from  o*6  to  i'6  metre.  The  service-pipes  in  England  and  on  the  Co^^l 
tincnt  are  of  malleable-iron  or  of  lead,  but  in  Scotland  cast-iron  pipes  (even  quarter 
and  half- inch)  aie  preferred  and  in  general  use.  The  large  mains  are  put  together 
by  placing  tlie  spigot  into  the  socket-end  of  each  pipe  alternately*  and  caulking  in 
greased  or  tarred  tow  and  pouring  in  molten  lead.  In  Scotland  the  mains  are  now 
generally  put  on  the  lathe,  and  the  spigot  nnd  socket  ends  turned  true,  so  as  to  give 
a  gas-tight  joint  simply  by  the  aid  of  sumo  red -led  paint  and  putty  and  a  collar  uf 
soft  greased  tow.  jVlthough  carefuDy  laid,  the  gas-mains  give  rise  lo  tm>re  or 
less  loss  by  leakage,  which  is  stated  to  amount  in  some  instjinces  to  15  or  20,  and 
even  25  per  cent  of  the  gas  made  and  sent  into  Ihe  mains :  but  if  street  mains  are 
cast  vertically  and  tlie  iron  be  of  good  quiihty,  each  pipe  properly  tested  by  hydraulic 
pressure  for  its  soimdness  before  being  hiid,  and,  moreover,  first  immersed  in  hot 
coal-tar  and  the  j<>int5  well  secured,  k^iikiigo  mny  be  very  much  reduced,  if  not 
altogether  prevented.  The  mains  »bould  have  a  sufficiently  large  bore  for  the 
quantity  of  gas  to  bo  conveyed  through  them,  so  as  to  reduce  friction.  They  are  not 
laid  quite  level  even  in  level  streets,  but  slnpc  gently;  whUc  at  the  lowest  level 
so-called  Byphon-pols  arc  placed  for  the  purpose  of  colli-ctiug  any  condensed  water — 
the  gas  is  almost  saturated  with  water  by  being  in  contact  with  it  in  the  gas-holders, 
although  nfter  some  time  a  tliin  liiycn'  of  empyrcomatic  matter  covers  the  surface  of 
the  water,  thereby  jueventijjg  tlie  gas  becoming  excessively  saturated  These 
syphon-pots  are  fitted  with  a  narrow  iron  tube  reaching  nearly  to  the  surface  of  iha 
pavement,  being  closed  by  a  scrcw-c:ip»  which,  being  unscrewed,  a  hand  pump  majb* 
screwed  on,  and  any  condensed  w  ater  purnptd  out  of  the  syphon  pot  or  box.    For  Um 
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purpose  of  connecting  the  burners  with  the  service-pipes  narrower  tubes  are  used, 
made  either  of  pure  block-tin  or  of  an  alloy  of  lead  and  tin  or  of  lead  and  copper  ; 
the  latter  are,  however,  not  so  readily  bent,  and  have  the  disadvantage  tliat  there 
may  be  formed  in  them  acetylen-copper,  which,  as  proved  by  Crova,  is  a  very  explo- 
sive compound. 

HydrauUc  Valve.  Xhe  valve  represented  in  Fig.  295  is  now  almost  superseded  by  valves 
of  a  totally  different  description,  termed  slide-valves,  and  worked  similarly 
those  in  use  for  the  water-mains  common  in  London 
streets.  The  valve  represented  in  the  engraving 
is  placed  near  the  gas-holders,  and  may  serve  either 
for  shutting  off  the  inlet-pipe  to  the  holder  or  for 
the  same  purpose  at  the  outlet-pipe.  The  valve  con- 
sists of  an  iron  vessel,  i  k  l  m,  filled  with  water.  The 
pipe  A  communicates  with  the  gas-holder  and  -b 
with  the  street  main.  The  drum-like  vessel,  ce  fd,  is 
suspended  over  the  pipes  and  is  counterbalanced  by  the 
weights  x  and  y.  When  the  latter  are  removed  the  drum 
sinks,  and  the  partition  h,  dipping  in  the  water,  cuts  off 
the  conmiunication  between  a  and  b. 

Presinre  Beffuiator.  This  Contrivance,  acting  automati- 
cally, is  arranged  for  the  purpose  of  regulating  the 
supply  of  gas  from  the  gas-holders  to  the  mains.  It 
consists  essentially  of  a  small  gas-holder  connected  with 
a  conical  valve  placed  in  the  outlet-pipe,  while  the  small 
gas-holder  to  which  it  is  fastened  is  very  accurately 
adjusted,  or  provided  with  counterweights,  by  means  of  which  its  position  may  be  set  at  a 
certain  supply  either  per  hour  or  evening,  as  the  case  may  be.  If  from  some  cause  or 
other  the  consumption  of  gas  increases  the  gas-holder  will  sink,  and  the  opening  in 
which  the  conical  valve  plays  becomes  larger,  and  consequently  more  gas  passes  through ;  if, 
on  the  other  hand,  the  supply  decreases,  the  consequence  will  be  that  too  much  gas  enters 
the  small  holder  from  the  large  ones,  and  the  former  rising  draws  the  conical  valve  with  it 
upwards,  thus  more  or  less  completely  plugging  the  outlet-pipe. 

TwUiig  illuminating  Gas.  The  causc  of  tlic  lumiuosity  of  the  flame  of  gas  is  the  ignited 
carbonaceous  matter.  Everything,  therefore,  which  impairs  the  separation  of  the 
carbonaceous  matter  or  chemically  affects  their  proper  ignition,  decreases  the 
luminosity  of  the  flame;  among  these  deteriorating  causes  are: — i.  Excessive 
admission  of  air  or  of  oxygen.  A  coal-gas  flame  burning  in  oxygen  wiU  be  found  to 
have  lost  its  luminosity,  and  the  same  occurs,  as  is  well  known  and  exliibited  in  the 
Bunsen  gas-burner,  when  gas  is  mixed  with  air  previous  to  being  ignited.  2.  Car- 
bonic acid.  AVhen  red-hot  or  white-hot  carbonaceous  matter  comes  into  contact 
with  carbonic  acid,  there  is  formed  carbonic  oxide  (C0a+C=2C0),  which  bums 
with  a  blue,  non-luminous  flame.  As  elayl-gas  (CaH^)  becomes  decomposed  by  red 
heat  into  methyl-hydrogen  (marsh-gas,  CH4)  and  carbon  (C),  and  as  the  latter 
reduces  an  equivalent  quantity  of  carbonic  acid  to  carbonic  oxide,  it  is  evident  that 
the  carbonic  acid  deprives  half  its  bulk  of  elayl-gas  of  its  illuminating  power.  Sup- 
pose an  illuminating  gas  to  contain  6  per  cent  of  elayl-gas,  and  also  6  per  cent  of 
carbonic  acid  gas,  the  result  will  be  tlie  elimination  of  the  luminosity  of  3  per  cent 
of  elayl-gas.  This  proves  the  great  importance  of  tlie  complete  removal  of  carbonic 
acid  from  gas  by  the  Hme-purifier. 

Very  little  has  been  experimentally  proved  as  to  the  relation  existing  between  the 
illuminating  power  of  a  flame  and  the  quantity  of  the  separated  carbonaceous 
particles ;  it  is  probable,  however,  that  this  relation  is  a  direct  one,  and  that  there- 
fore the  luminosity  of  a  flame  is  tjie  stronger  the  larger  the  quantity  of  carbonaceous 
particles  separated,  provided,  however,  that  the  temperature  of  the  flame  be  very 
high,  because  otherwise  the  flame  will  be  either  ruddy  or  smoky.    iVlthough  by  an 
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increased  access  of  air  (as  in  the  ease  of  petroleum  lamps  provided  with  a  g] 
chimnej')  the  combustion  may  be  increased  so  as  to  create  a  very  high  t^mpi^rat 
of  the  llame  and  thereby  a  ver^'  white  hght,  it  is  probable  that  this  expedient  (esptv 
oiolly  if  applied  to  ordinary  coal-gas)  would  cause  a  too  sudden  combustion  of  the 
carhoni  rendering  it  useless  for  illuminating  purposes.  Supposing  the  illuininatiiig 
power  of  a  flame  to  be  proportioual  to  the  quantify  of  carbonaceous  particles  sepa- 
rated, and  applying  this  principle  to  some  of  Uie  carburetted  hydrogens  occurring  in 
purified  illuminating  gas,  taking  account  more  particularly  of  the  gases  (CHj)  fio 
composed  that  by  ignition  they  become  decomposed  into  methyl-hydrogen 
carbon,  we  have : — 
Tol.  Vol  VolB. 

I  elayl,  CaH^,  which  yields  i  o  of  methyl -hydrogen  and  2  ofTapour  of  carbon 

I  trityl,  C5H6,      „        „       rs  „      „  „  „    3  „     

I  ditetryl,  C4H5,  „         „       10  ,,       „  „  „    4  „      „        „       „ 

and  may  assume  the  illuminating  power  of  these  three  gases  to  be  as  2 : 5 :  4*  Taking 
the  iBuminating  power  of  eliiyl-giig  to  be  100.  tlie  illuminating  powers  of  the  gases  and 
vapours  contained  in  purified  coal-gas  may  be  represented  by  tlie  nnder-m^itioned 
figures,  the  vapours  Imving  been  calculated  at  a  sp.  gr.  =  0*"  v — Elayl»  100 ;  trityl,  150 ; 
ditetryl,  300;  propyl,  250;  butyl,  350;  acetylen,  450  j  Tapour  of  benzol,  450; 
vapour  of  naphthaline,  800. 

The  following  figures  exhibit  the  quantity  of  elayl-gas»  for  which  can  be  substituted 
a  combustible  gas  (hydrogen  or  marsh-gas)  impregnated  with  the  vapours  of  hydro- 
carbons at  o'  and  15°  for  yielding  an  equal  amount  of  Hght.    ImpregnaUon  with^ — 

At  o^ 
Vapour  of  propyl,  is  equivalent  to     11-500 

„       „  benzol,  ,,        „  „       9630 

„       ,,  naphthaline,  „        ,»  „      0*1 16 

When,  therefore,  100  litres  of  hydrogen  at  o"*  or  at  15"  are  saturated  with  vaponn 
of  benzol,  the  iHuminaUng  power  of  the  resulting  mixture  15  equal  to  Uiat  wliic 
would  ensue  by  mixing  100  litres  of  hydrogen  with  9  G  or  23*5  litres  of  elayl-gts. 

In  order  to  saturate  100  Enghsh  cubic  feet  of  hydrogen-  ormai'sh-gas  with  vapourf^ 
of  hydrocarbons,  there  are  required  of: — 


At  15', 
25700  vols.  el&jL 
25700    „        ,, 
00016    „        M 


At  0". 

At  15-. 

pours  of  propyl     *♦,     ., 

»     ...     ,„     50000 

112800  grammes 

,.  butyl       

.     «.»     •«•       17*00 

SS'oo 

„  bemiol     .,.     - 

214-50 

52200 

0  naphthaline    .. 

.     ,..     ,,.        032 

032 

For  the  purpose  of  carburetting  hydrogen-gaa  with  vapours  of  benzol  to  saturatioii 
2145  grms,  of  benzol  at  o\  and  5220  gnus*  of  the  same  at  15%  would  bo  reqiiir 
for  1000  cubic  feet  of  gas* 

^ai^'itil'ail.'      ^^  order  to  ascertain  tlie  relative  value  of  illuminating  gas  four 
difforent  modes  of  testing  are  now  in  practical  use.  viz. :— i.  Gasometrical  test. 
2.  Specific  gravity  test.    3.  Fhotometricaltests.    4.  Erdmann's  gas-testing  apparatus. 
I,  The  gasometrical  test  requires  for  its  proper  management  an  accurate  know- 
ledge of  Bunscu'a  method  of  gas  analysis/    Be  it  aufficient  fbr  our  purpose  here  to 

Anlfitzung  zn  einer  tochnischcn  Leuchtgasanalyae  ^ebt  Adolf  Riohter;  Pinglo 
pelyt*  Journal  (1S67).  Bd,  clx^cxri.,  p.  394. 
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mention  that  a  mixture  of  anhydrous  sulphuric  acid  and  ordinary  concentrated  oil  of 
vitriol  has  the  property  of  absorbing  the  heavy  hydrocarbons  contained  in  illumina- 
ting gas,  which  absorption  is  best  effected  by  bringing  into  an  eudiometer  containing 
the  gas  to  be  tested,  a  piece  of  coke  moistened  with  the  acid,  and  fixed  on  a  piece  of 
platinum  wire.  In  order  to  ascertain  the  quantity  of  carbon  of  these  compounds, 
the  test,  in  which  the  decrease  of  bulk  of  the  gas  indicates  the  relative  quantity 
of  the  hydrocarbons,  is  combined  with  two  separate  eudiometrical  tests,  the  gas 
being  first  ignited  by  itself  with  an  excess  of  oxygen,  and  the  operation  repeated 
with  the  gas  after  it  has  been  acted  upon  by  the  sulphuric  acid.  The  quantity  of 
CO2  obtained  in  the  last  instance  is  then  deducted  from  that  obtained  by  the  first 
operation.  Chlorine  and  bromine  are  very  frequently  employed  to  absorb  the 
heavier  hydrocarbons  present  in  gas,  these  haloids  combining  with  the  hydrocarbons 
as  a  fluid  residue.  According  to  a  metliod  of  gas  analysis  originally  devised  by 
O.  L.  Erdmann,  and  described  by  C.  O.  Grasse,*  the  gas  first  freed  from  any  carbonic 
acid  it  may  happen  to  contain  is  burnt  from  a  burner  connected  with  a  small 
gas-holder,  by  the  aid  of  oxygen ;  the  water  and  carbonic  acid  formed  are  collected 
and  weighed.  2.  The  estimation  of  the  value  of  an  illuminating  gas  by  specific 
gravity  is  frequently  employed  in  practice,  as  experience  has  proved  that  as  a  rule  a 
higher  illuminating  power  of  gas  (provided  it  be  well  purified  and  freed  from 
carbonic  acid),  is  intimately  connected  with  its  higher  specific  gravity;  but  it  does 
not  follow  that  a  light  gas  is  useless,  while  there  ought  to  bo  taken  into  account  the 
durability  of  tlie  gas,  by  which  is  understood  the  length  of  time  a  cubic  foot  of  the 
gas  will  burn  under  a  certain  pressure  (as  low  as  possible)  from  a  given  burner, 
and  yield  a  certain  light  to  bo  tested  either  by  comparison  with  another  kind  of  coal- 
gas  or  standard  sperm  candles  by  the  photometer.  In  Scotland,  the  gas  engineers 
when  testing  cannel  and  other  coals  always  take  into  consideration  and  minutely  esti- 
mate by  means  of  very  accurate  apparatus  these  particulars,  care  being  taken  to  manu- 
fiacture  the  gas  on  the  large  as  well  as  on  the  small  scale,  taking  say  i  cwt.  of  coals,  and 
to  compare  both.  In  most  of  the  large  Scotch  gas-works,  a  separate  experimental  gas- 
work,  with  two  or  three  retorts,  and  all  the  necessary  apparatus,  is  to  be  met  with,  as 
it  has  been  found  that  only  by  the  use  of  judiciously  selected  mixtures  of  different 
cannel  coals,  a  gas  of  high  illuminating  power,  great  purity,  and  average  durability, 
can  be  supplied  at  the  price  now  generally  adopted  per  1000  cubic  feet. 

Illuminating  gas  consists  of  a  mixture  of  various  gases  and  vapours,  having 
different  specific  gravities,  viz.,  elayl-gas, 0976  ;  methyl-hydrogen,  0*555 *  hydrogen, 
0*069;  carbonic  oxide,  0'967  ;  carbonic  acid,  i'52o.  The  specific  gravity  of  tlie 
vapours  present  in  coal-gas  varies  of  course  according  to  the  bodies  which  are  met 
with  in  the  gas  in  the  state  of  vapour ;  among  these  benzol  is  one  of  the  most 
important  for  illuminating  purposes.  The  estimation  of  the  specific  gravity  of  illu- 
minating gas  as  a  test  of  its  quality  is  only  of  value  if  taken  in  connexion  with  other 
tests  applied  to  the  same  gas.  Dr.  ScliiUing  has  constructed  an  apparatus  for  the 
purpose  of  taking  the  specific  gravity  of  illimiinating  gas.  This  apparatus  is  based 
upon  tlie  fact  that  the  specific  gravities  of  two  gases  issuing  from  narrow  apertures 
in  a  thin  plate  under  equal  pressure  are  to  each  otlier  as  tl:e  squares  of  their  time  of 
efflux.  There  are  several  more  readily  managed  apparatus  for  estimating  the 
■pecific  gravity  of  illuminating  gas,  and  among  them  tliose  made  by  ^Ir.  Wright,  of 
Westminster.  3.  Photometrical  tests  and  apparatus,  Bunsen's,  Wight's.  Desaga's 
•  Journal  fur  Prakt.  Chemie  (1867),  cii.,  p.  257. 
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(Bothe'a  tangontal  photometer),  and  others  are  frequently  employed  for  tesfi 
the  value  of  gas  and  comparing  its  iUaminaiing  power  'with  that  of  lamps  oi 
candles.  As  tlie  kind  of  burner  employed  in  these  experiments  has  very  great 
influence  on  the  results,  photometrical  estimations  of  the  value  of  gases  require  gre^u 
care*  4,  Erdmann's  gas  tester,  introduced  on  the  Continent  in  many  gas-worki 
since  i860,  is  a  very  useful  and  readily  miuiageable  instrument^  based  upon  the  fact 
tliat,  lis  the  value  of  an  ilhrniinaUng  gas  depends  mtiinly  upon  the  quantity  of  heav} 
hydrocarbons  contained,  tlmt  quantity  may  be  mensured  by  estimating  the  amomi. 
of  atmospheric  air  required  to  deprive  the  flame  of  tlio  burning  gas  of  a  given  sixl^ 
of  all  illuminating  power, 

a«f  mrtrn.      At  first,  in  the  ewly  days  of  gas-lighting,  the  bargain  between  consumer  0116 
Keller  was  to  pay  a  certain  snm  per  burner  per  hour,  or  lo  contract  fur  a  certain  sum  pel 
annimi  for  a  given  number  of  burners  kept  lighted  from  dusk  till  a  certain  hour  of  thfe 
night,  at  v^hich  time  it  was  cu«tomiiry  to  have  the  turncocks  of  the  gas-works  at  hand  < 
their  respective  beats,  to  turn  oflT  the  supply  of  the  bouse,  by  shutting  a  tap  ph 
on  pnrjioso  in  the  fiervico  pipes ;   but  although  here  and  there  in  small  towns  in  ItaljfJ 
Franco,  Spain,  and  Gormfmy,  this  arranf?c'ment  still  exists,  it  is  the  eice|)tion  and  not  thr' 
rule;  the  latter  beiiiK  that  the  gas  is  sold  by  cubic  measnre  bb  registered  by  instmroenll 
termed  gas-meters,  the  construction  of  which  is — espeeialJy  in  the  United  Kini^dom- 
brought  to  such  a  hi^h  standard,  that  Mr,  Rutter*s  remark  is  perfectly  true— that  ga 
is  measured  with  gieater  accuracy  than  anything  else  either  measured  or  weighed  iu' 
commerce. 

We  distinguiith  between  dry  and  wet  meters  ;  the  construction  of  the  former  is  briefl3fj 
the  following : — In  a  gns -tight  metalUo  box  are  placed  two  or  three  bellows-like  TC6*el«J 
which  instead  of  l»eing  inflated  by  air,  are  inflated  by  the  gas  entering  from  the  Kerne©  , 
pipe.    When  inflated  to  some  extent  an  arrangement  of  springs  and  levers  forces  the  gft. 


Fio.  296 


Fio.  297 


ir^ 


out  of  the*bfliowh  ufiain  into  the  exit-pipe  leading  to  the  burners.     The  cubic  cat^city  < 
the    chambers   (as  the  bellows-like   iirranfjements   are  cjilled)   having  been   accuraid 
adjni^ted,  the  movement  of  their  walls  is  communicftted  to  wheel-work,  which  being  coi^ 
neeted  with  dials,  indicates  in  tens,  hundreds,  and  thousands,  the  consumption  of  gaa  "■" 
cubic  feet. 

Dry  meters  are  preferred  on  aceount  as  well   of  not   being  liable  to   W  aHected 
frost  as  of  not  causinj?  the  !*udden  extinguishing  of  the  gaR-lifcdits  for  w«ut  nf  water,  as  ma^  _ 
occur  with  wet  meters.     Wet  meters  are  constructed  upon  a  plan  devised  in  1817  by 
Clegs,   and    improved    by  CrosBley   and    othere.      Figs.   296,   297,   298,   and   299,   ara 
drawings  of  this  kiml  of  meter,  which  couBists  in  the  first  plaee  of  an  <  '     1ric« 

hot  of  east-iron,  closed  on  nil  sides.    Jn  this  box  is  placed  a  dram  oj 
divided  into  four  compartments,  bearing  upon  a  helbmelal  axis,  and  immi:        .  ^  ^athfl 
fnure  than  half  its  eircumfercnce  in  water.    By  the  pressure  at  the  Rat  and  the  1 
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depreaaion  of  tho  wfttcr  the  drum  rt^vokes, each  of  its  eompartmeutB  bee*  iiini,j:  aUoruatc^y 
fiUetl  with  aiul  emi)tied  of  gas.  On  the  axis  of  tbo  ilriim  is  an  ciiillt . ;-  «>  r«  w,  Avhicli 
by  mechanical  means  id  connected  ^ith  the  wheel-work  of  the  dials,  TIk-  ilniui  is  very 
ftcenx&telj  Adjusted,  so  that  at  every  complete  reyolution  a  certain  cubic  qiiantily  of  gaa 
passes  through  mid  is  regij^tered.  Fig.  296  exhlbit^i  the  apparatus  with  the  fruut  phUe 
removed ;  Fig,  297  fthows  tho  side  of  the  meter ;  Fig.  298  is  sectional  plan  ;  and  Fig,  299 
is  a  section  through  tho  box.     a  i»  tho  box  ;  a'  the  iljrum  ;  b  its  axin ;  c  the  endless  torew, 


Fzo.  298. 


Fio.  f  gg. 


boariUR  iu  the  v^h^el,  d,  and  carrying;  by  means  of  e  the  movemeot  of  the  dmm  on  to  tho 
wheclwork  of  th«  dials,/,  tf  is  the  iiilet-ptpe  for  the  g5vs,  which  flows  into  the  ralve  box, 
h,  and  passing'  hy  the  valve,  i  (kept  open  as  long  as  the  meter  contains  sufficient  water  for 
its  action),  flows  through  the  bent  tube,  ^  into  tho  bulged  cover  of  the  drum,  or 
tecbuically  antechamber,  «,  and  thence  into  the  several  compartments  of  tho  drum. 
Thence  tho  gas  enters  the  space,  n,  to  which  is  fitted  the  outlet  pipe,  o.  i  is  tho  valve  ; 
p  the  float ;  q  the  funnel  tube  for  filling  tho  meter  ivith  water ;  r  the  waste  water  cistern ; 
i  the  plug  by  the  removal  of  which  tho  waste  water  may  bo  run  off.  As  long  as  no  gas- 
burners  are  in  use  the  meter  connected  with  them  is  inactive,  but  when  the  gas  is  burnt 
the  drum  rotates,  and  by  ita  communication  with  the  wheelwork  re^^sters  the  quantity  of 
gn^  consumed.  Instead  of  filling  wet  meters  with  water  they  may  be  filled  with  glycerine, 
which  doea  not  freezo  nor  evaporate.  Wet  meters  should  bo  placed  perfectly  level. 
\h  regards  their  size  they  are  made  to  supply  from  three  lights  op  to  majiy  thousands  if 
required.  By  an  Act  of  rjirliamont  gas-meters  are  tested  in  order  to  ascertain  that  they 
register  properly  within  tho  limits  of  the  Act.  The  inspectors  of  gas-meters  have 
bt^en  provided  Tvith  very  accarato  sets  of  apparatus  made  according  to  four  sets  of  standard 
apparatuF,  of  which  one  each  is  in  tho  han<ls  of  the  Corpc^ratiuns  of  London,  Edinbcrgh, 
and  Dublin ;  while  the  fourth  is  in  the  custody  of  the  Comptroller  of  the  Exchequer, 
at  Westminster.    These  apparatus  are  masterpieces  of  highly  finished  workmanship. 

Cnni/ri.  These  are  made  so  as  to  produce  all  shapew  of  flame,  and  are  of  dillcrmit 
matcnols,  iron,  etecl,  porcehun,  steatite,  brass,  platiiiunj^lincd,  d'c.  The  bore  from  which 
tho  flame  of  the  burning  gas  ifisues  should  be  arranged,  as  regards  its  width,  for  tho 
quality  of  the  gas  consumed— caiinel  cool  gas-bumers,  for  UQiitance,  being  provided  with 
narrower  openiuKS  thtm  those  for  common  coal-gas.  We  have  single  Jet  burners,  double 
jet  burners,  bats'-wing,  fiBh-toil,  cockspur,  and  other  varieties;  al&o  Argand  bufr^era  of 
various  sizes,  bored  with  six  to  thirty  or  forty-eight  holes,  or  as  in  the  Dumas  burner,  a  slit 
iniitead  of  the  holes.  The  quantity  of  gas  consumed  by  different  kinds  of  burners  varief , 
of  course,  greatly  for  the  same  kind  of  gas  under  the  same  pTe^aure.  Much  gas  is  wasted 
beeauae  suflScient  care  is  not  taken  by  the  consumers  to  have  really  good  burners. 

OMiAmitft,  Of  these  there  is  an  almost  endless  variety » from  the  moat  simple  and  tinpre- 
tentious  to  the  highly  omamGnted  and  expensive  chandeliers. 

BriiOTjiaeu^i^cwu-«M       Among  these  guch  as  are  of  important  commet^iftl  advantage  to 

coal-gas  worJss  are  :^ — i.  Coke.     2.  Ammo niacal  liquor.     3.  Tar.     4.  Sp**nt  gas-lime* 

5,  Sulphur  obtained  from   the  Laming  mixture.     In  some  localities  Berlin  bltte 

is  made  Irom  the  cyanide  of  calcium  of  tho  Laming  mixture  (see  p.  656). 

J.  Coke,  of  whicli  we  shall  apeak  more  particularly  under  the  heading  of  Fud, 
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aa  giiS'Colte  is  more  porous  and  spongy  tlian  the  oven -coke  and  hence! 
for  use  in  stoves.  In  Germany  the  gas-works  have  now  very  generally  adopted  the 
plan  uf  sc'lhtjg  the  coke  hroken  np  into  small  nut-sized  lumps,  this  operation  bein^ 
performed  hy  means  of  machinery ;  the  hrecze  is  mixed  with  some  tar  and  burnt 
under  the  retorts  at  the  works.  2,  The  ammoniacal  hquor  is  essentially  an  aqueous 
solution  of  carbonate  of  ammonia,  2(NH4)aC0j-f-C0a.  The  quantity  of  amiuoma 
contained  in  tliis  liquid  must  of  necessity  vary  according  to  certain  conditions,  as 
the  quantity  of  water  contained  in  the  coals,  the  hirger  or  smaller  amount  of 
nitrogen  they  contain,  the  degree  of  tempeniture  and  duration  of  the  process  of  dis- 
tilltttion*  The  higher  ilic  temperature  the  more  nitrogen  will  ho  converted  into 
ammonia,  while  otherwise  a  portion  of  it  is  converted  into  aniline,  lepidine,  chinolinew 
&c,y  and  also  into  cyanogen.  Bstimating  gas-coals  to  contain  on  an  average  5  per 
cent  of  hygroscopic  water  and  075  per  cent  of  nitrogen,  100  kilos,  of  sucli  coal  will 
yield  under  the  most  favourable  conditions  910  grms,  of  ammonia  (NH^).  It 
has  been  found  tJiat  1  cubic  metre  of  ammoniacal  water  yields  on  an  average 
(see  p,  230)  50  kilos,  of  dry  sulphate  of  ammonia  <  [KH4]aS04)»  so  that  20  hecto- 
litres  yield  100  kilos,  of  this  salt*  i  ton  of  Newcastle  gas-coal  yields  45  litres 
of  ammoniacal  liquor,  i  litre  of  whiclt  yields  from  74  to  81  grms.  sulphate  of 
ammonia.  3,  Coal  tar,  formerly  a  source  of  inconvenience  to  many  gas-works,  and 
at  any  rate  a  substance  of  very  httle  commercial  value,  has  become  since  1858.  of 
great  importance  as  the  raw  material  for  the  coal-tar  colours.  As  olrcad}"  staled,  tar 
consists  of  fluid  hj^drocarbons — benzol,  toluol,  propyl ;  solid  hydrocarbons — naph- 
thaline and  anthracen;  of  acids — carbolic,  cresyhc,  phlorj^lic;  of  bases — aniline, 
chinoline,  lepidine,  &c.;  and  lastly,  of  resinous,  empyreumatic,  and  asphaltc-forming 
matters.  The  quantity  as  weU  as  the  quality  of  the  tar  obtained  by  the  distilktion 
of  cools  for  gas-making  depends  partly  upon  tlie  kind  of  coal  used  and  partly  upon 
tlie  heat  applied  to  the  retorts ;  as  at  a  very  high  temperature,  for  instance  with  the 
iire-clay  retorts,  the  quantity  of  tor  is  less  tlian  at  a  lower  temperature.  Owing  as 
well  to  the  carbolic  acid  contained  in  tar  as  to  tlie  empyreumatic  substances,  it 
has  antiseptic  properties,  and  is  hence  used*  for  preventing  the  decay  of  wood 
exposed  to  wind  and  weather,  for  coating  iron,  Ac,  Coal-tar  is  also  used  for  the  pur- 
pose of  miating  with  small  coal,  saw-dust,  peat  dust,  &c.,  for  making  artiiidol  fuel, 
and  recently,  when  mixed  with  sifted  pebbles,  as  a  substitute  for  asphalle 
to  form  excellent  foi>lpaths.  In  order  to  separate  tlie  constituents  of  tar  from 
each  other,  it  is  poured  into  a  large  iron  still,  and  heated  to  80°  to  100^,  for 
the  purpose  of  distilling  off  the  Hght  hydrocarbons  along  witli  any  ammoniacal  water 
the  tar  may  contain.  After  tlnrly-six  hours  the  distiUation  is  furtlier  proceeded 
with*  and  as  Uie  latent  heat  of  the  volatile  products  to  be  obtained  is  very  small,  thr 
still  ought  to  be  made  as  low  as  possible,  and  the  helni  ouglit  to  be  well  protecttnl 
against  any  cooling  inlluence.  At  the  bottom  of  She  still  a  lap  is  fitted  for  Uio  pur 
pose  of  removing,  at  the  end  of  the  distillation,  the  molten  pitch  wliich  remaiJis,  In 
some  cases,  however,  tlie  distillation  is  pushed  further  so  as  to  leave  only  u 
carbonaceous  residue,  tlio  still  being  made  red-hot  at  the  bottom;  the  rosidae 
is  removed  after  the  cooling  of  the  still  by  opening  the  man-hole.  The  distillatloci 
of  750  to  800  kilos,  of  tar  takes  twelve  to  fifteen  hours.  At  first  the  heat  should  not 
be  tou  strong,  and  in  many  tar  distilleries  high-pressure  steam  is  passed  through  a 
ooil  of  pipes  placed  in  the  still,  in  order  to  assist,  together  'witli  open  fire,  llie  first 
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stage  of  the  distillation.    The  light  tar-oils  obtained  exhibit  first  a  sp.  gr.  of  0780, 
but  on  an  average  0830.    The  heavy  tar-oil  comes  over  at  200°. 

The  light  tar-oil  is  again  distilled,  and  the  distillate  treated  with  strong  sulphuric 
acid,  next  with  caustic  soda  solution,  and  then  again  distilled.  The  treatment  with 
sulphuric  acid  aims  at  the  removal  as  well  of  basic  substances  (ammonia,  aniline),  as 
of  naphthaline,  while,  by  means  of  the  caustic  soda,  the  carbolic  acid  is  fixed.  The 
quantity  of  sulphuric  acid  to  be  used  for  this  purpose  amounts  to  5  per  cent  of  the 
weight  of  the  tar-oil;  while  the  soda  solution  of  1*382  sp.  gr.  (  =  4o°B.)  amounts  to 
2  per  cent  of  tliat  weight.  The  liquid  thus  obtained  is  the  benzol  of  trade ; 
it  remains  colourless  on  exposure  to  air,  and  is  a  mixture  of  various  substances  with 
benzol,  toluol,  and  xylol  as  chief  constituents.  It  is  easily  converted  into  nitro- 
benzol  (see  p.  572),  the  starting-point  for  many  of  the  coal-tar  colours.  The  coal-tar 
naphtha,  now  usually  sold  after  the  benzol  has  been  completely  removed  by 
fractional  distillation,  is  used  as  a  solvent  for  caoutchouc  resins,  fixed  oils,  gutta- 
percha, and  for  burning  in  lamps  peculiarly  constructed  for  the  purpose,  and 
only  used  in  open  air.  Coal-tar  naphtha  is  also  used  for  carburetting  gas  of  low 
quality.  When  the  crude  oil  of  tar  is  cooled  down  to  —10^,  naphthaline  is 
deposited  from  it,  which,  as  already  mentioned  (see  p.  581),  is  used  for  the  prepa- 
ration of  some  dyes,  and  also  for  the  manufacture  of  benzoic  acid.  The  heavy  oil  of 
tar  is  purified  with  concentrated  sulphuric  acid  and  caustic  soda  ley,  and  freed  from 
foetid  sulphur  compounds  by  distillation  over  a  mixture  of  sulphate  of  iron  and 
lime.  By  fractional  distillation  between  150''  and  200°  creosote  is  obtained, 
being  a  mixture  of  carbolic  or  phenylic,  cresylic,  and  phlorylic  acids.  This  is 
the  raw  material  used  for  the  preparation  of  carbolic  acid  and  picric  acid  (see  p.  580), 
also  for  certain  blue  and  red  pigments,  for  creosoting  wood,  for  preserving  anatomical 
preparations,  &c.    Lunge  obtained  from  a  ton  of  tar : — 


Benzol  at  50  per  cent    ... 

2-88  gallons 

=     1300  litres. 

Best  naphtha 

...       2-69      „ 

=       I2*00      „ 

Burning  naphtha    

...      3*51       ^. 

=     1508    „ 

Creosote   

...     8325      „ 

=       374  hectolitres. 

Ammoniacal  liquor 

...      300      » 

=       135  litres. 

And  11}  cwts.  of  pitch. 

The  heavy  oils  of  coal-tar  and  the  pitch  are  now  largely  used  for  the  preparation 
of  anthracen,  from  which  artificial  alizarine  is  made.  Tlie  pitch  is  further  usefully 
employed  in  lacquer  and  varnish  making,  and  also  for  asphalting  pavements. 

4.  The  gas-lime  is  used  abroad  for  the  purpose  of  removing  tlie  hair  from 
hides  and  skins  intended  to  be  tanned,  the  sulphuret  of  calcium  contained  in  the 
lime  acting  as  a  depillatory.  In  some  localities  the  spent  lime  is  employed  for  making 
Berlin  blue  from  the  cyanide  of  calcium  contained  in  the  lime,  and  for  the  prepara- 
tion of  sulphocyanogen  compounds,  owing  to  the  sulphocyanide  of  calcium  it 
contains.  As  already  mentioned,  spent  gas-lime  is  largel}'  used  in  Scotland  as  a 
manure,  which    at    the    same    time    destroys    a    great    many    injurious   insects. 

5.  Sulphur  is  prepared  from  the  Laming  mixture  (see  p.  198),  aiMl  used  for  making 
sulphuric  acid ;  it  might,  perhaps,  be  better  to  extract  the  sulphur  from  the  mixture 
by  means  of  steam  at  130"*.  The  Laming  mixture  is  occasionally  treated  with 
heavy  tar-oils  for  the  purpose  of  eliminating  the  sulphur. 
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cmipotiuoR  at  caaHA        The  following  figures  exhibit  the  compositioQ  of  purified  ci 
gas  in  100  parts  by  bulk  :— 

II.  U] 

41*37  39fi 

3830  45-1 

556  4*6 

4'34^ 

5^45  4'6 


491         533 


130 

04 


'-k 


L  II.  HI,  IV.          V.  VI,        VIL 

Hydrogen .,,     ,..    4400  4137  3980  51*29  5008  460      277 

Marsh  gas  (methyl-hydrogen)  38*40  3830  43-12  3645  35*93  395      50*0 

Carbouic  oxide    573  556  4*66  445         502  75         6'8 

Elayl     413 

Ditetr3'l        3*14 

Nitrogen ...      423  ^43  4*65  1-41         1*59  0*5 

Oxygen        ,         —  —  —  041         054  — 

Carbonic  acid     ...     , 0*37  —  302  1*08        vzz  07 

Aqueous  vapour —  —  —  —          ^-  2*0 

I.  and  II.  Heidelberg  coal-gas.  III.  Bonn  coftl-gfts,  analysed  by  H.  Lnndolt.  IV.  and 
V.  Chemnitz,  Saxony,  coal-gaa  nualysed  by  Wnnder,  *VL  London  coiU-gas  (1867)* 
VH.  London  cannel  gas  (1S67). 

wood^t.  II,  As  already  mentioned  <p.  645I  the  French  engineer  Lebon  waj 
engaged  in  1799  wilJi  the  makin^,'  of  gas  from  wood,  and  brought  out  an  apparatus 
termed  by  him  a  tlierraolamp,  wldch,  however,  was  neither  found  to  answer  for 
heating  nor  for  illnniinating  purposes,  as  tlie  illuminating  power  of  the  gas 
obtained  by  his  process  from  wood  was  very  inferior  and  could  not  compete  with  the 
coal-gas  which  became  known  soon  after*  The  reason  wliy  wood,  as  converted  inU> 
gas  by  Ifebon^s  apparatus,  did  not  give  satisfactory  results  is  explained  by  Dumas, 
by  proving  that  under  tlic  conditions  of  the  distillation  of  wood  employed  by 
Lebon,  the  gas  evolved  consists  cliiefly  of  marsh-gas  and  carbonic  oxide,  both  of 
wliich  can  scarcely  be  considered  luminous  gases.  In  tlie  year  1849.  Dr.  M.  von 
IVttenkofer,  at  Munich,  resolved  to  experiment  on  the  manufacture  of  gas  from 
wood,  and  he  found  that,  as  stnted  by  Dumas,  when  wood  is  submitted  to  distillation 
in  a  manner  similar  to  cojil,  tlie  gas  produced  is  entirely  unlit  for  illumination, 
as  in  addition  to  carbonic  aeid^  there  are  only  formed  carbonic  oxide  and  marsh-gas. 
But  Dr.  I'ettciikofer  also  found  that  when  the  vapours  of  tar  and  empyreuroatic  oi 
given  oif  by  the  carbonisation  of  wood  at  a  comparatively  low  temperature 
further  healed  by  passing  through  a  red-hot  retort,  a  verj'"  largo  quantity  of  liea 
hydrocarbon  gas  remains  among  the  products,  so  that  then  wood  yields  a  better  g 
than  coal, 

\Miile  coals  are  not  perceptibly  acted  upon  by  a  temperature  as  high  as  200", 
gives  off  combustible  vapours  at  ijo"";  and  in  order  to  understand  tlie  prc»cess  of 
wood-gfts  manufHclure,  wc  must  distinguish  between  the  temperature  at  which  wood 
is  carbonised  or  converted  into  charcoal  and  erapyreumatic  vapours,  and  the  tem- 
perature at  which  these  vapours  ore  converted  into  permanent  gas  suited  for  illumi- 
nation.  Coals,  resin,  and  oils  yield  an  illuminating  gas  at  once,  when  submitted  to  dry 
distillation  in  gas  retorts,  because  tl;e  temperaluic  of  carbonisation  and  of  fonntition  of 
gas  are  nem-ly  the  same  ;  consequently  the  vapours  formed  by  tlie  dry  distillation  of 
these  substances  are  far  higher  in  illumination  posver  than  obtains  in  the  case  of  wood. 
Therefore  the  apparatus  in  use  for  coal-  and  oil-gas  preparation  are  not  suited  for  making 
wood-gas.  Stinie  of  the  substances  rich  in  carbon  and  hydrogen  met  with  in  wood*tar 
(Sttickholm  tar)  boil,  by  themselves,  at  a  higher  temperature  (200°  to  250*)  than  that 
at  which  they  are  formed  from  wood ;  and  the  illuminating  power  of  wood-gas  is  in 
ft  great  measure  due  to  tlicir  conversion,  b)-  a  higher  temperature,  into  p«^rm&])i 
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gases.  The  manufacture  of  wood-gas,  therefore,  requires  in  tlie  first  place  a  retort 
in  which  the  wood  is  converted  into  vapour,  and  another  retort  or  generator 
in  which  the  vapours  are  rendered  gaseous.  At  first  the  carhonising  retort,  ot 
the  same  shape  as  the  ordinary  coal-gas  retorts,  was  connected  with  a  series  of  iron 
tuhes,  which  were  made  red-hot,  and  tlirough  which  the  vapours  given  off  by  the  car- 
bonisation of  the  wood,  at  a  temperature  of  250''  to  300**,  were  passed  to  be 
converted  into  gas :  but  now  large  retorts  are  used  for  this  purpose,  about  three 
times  as  large  as  the  carbonisation  retort,  which  holds  60  kilos,  of  wood,  and  there 
is,  therefore,  ample  space  for  the  conversion  of  the  vapours  into  gas.  As  regards  the 
quality  and  quantity  of  gas  obtained  from  different  kinds  of  wood,  there  is  no  very 
great  difference,  as  may  be  inferred  from  the  under-mentioned  results  of  the 
researches  made  byW.  Reissig,  who  operated  upon  aspen  wood  (i) ;  linden  wood  (2); 
larch  wood  (3) ;  willow  wood  (4. ;  fir-tree  wood  (5) ;  and  white  wood  or  Memel 
timber  (6). 

50  kilos,  (i)  gave  of  purified  gas  592   cubic  feet,  and  99  kilos,  of  charcoal. 


50  „ 

(2) 

620 — 640 

„9— II 

50  „ 

(3)        .. 

550 

,,    125 

50  ,. 

(4)         .. 

660 

M     90 

50  „ 

(5)        .. 

648 

-     95 

50         M 

(6)        ,. 

564 

-    92 

That  the  crude  wood -gas  contains  a  large  quantit}'  of  carbonic  acid  may  be 
inferred  from  tlie  following  results  of  analysis  by  Pettenkofer,  the  gas  having  been 
made  of  wood  as  much  as  possible  free  from  resin : — 

Heavy  hydrocarbons      691 

Marsh-gas  (methyl-hydrogen)      ...  11 '06 

Hydrogen        1507 

Carbonic  acid 2572 

Carbonic  oxide       40*59 

One  volume  of  the  heavy  hydrocarbons  contained  2*82  volumes  of  vapour 
of  carbon.  Th'e  carbonic  acid  is  removed  from  the  crude  gas  by  means  of  hydrate 
of  lime.  According  to  Reissig's  researches,  the  composition  of  purified  wood-gas  is 
the  following : — 


I. 

2. 

3- 

4- 

Heavy  hydrocarbons        

724 

7-86 

9  00 

734 

Hydrogen 

31-84 

48-67 

29-76 

29  60 

Liglit  hydrocarbon  gas  (marsh-gas)  . . . 

3530 

21-17 

20-96 

2402 

Carbonic  oxide 

2562 

22-30 

4028 

3904 

lOO'OO 

100  00 

lOO'OO 

lOO'OO 

'''^'iSjact'Ii;^;^"  The  wood,  chiefly  fir-wood,  is  first  dricnl  for  twciity-four  hours  in 
a  drying  room,  generally  brick-built,  and  heated  by  tlio  waste  heat  of  tlie  retort 
furnaces.  The  carbonising  retort  is  filled  with  50  to  60  kilos,  of  wc^od  and  the  lid 
screwed  on ;  tlie  distillation  is  finished  in  i  \  hours,  and  after  the  removal  cf  the 
carbonic  acid  tliere  is  obtained  about  16  cubic  metres  (nearly  600  cubic  feet)  of  good 
illuminating  gas.    In  some  places,  where  wood-gas  is  regularly  made,  it  is  preferred 
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to  dislU  with  the  wood  some  Scotch  boghead  coal  or  Bohemian  foliated  coal  {B^^tid 
kohlc). 

wooc^a*!  Bamen.  The  coDBlnictioii  of  the  burners  is  of  great  importance  witli  regard 
to  wood 'gas  illumination*  Tlio  sp.  gr.  of  this  gna  amounts  on  an  average  to  07, 
while  that  of  ordiniuy  coal-gas  scarccdy  every  reaches  05  ;  tlie  hghter  the  gas  the 
more  readily  aud  rapidly  it  flows  out  and  expands  in  the  air,  and  the  heavier  the 
gas  Uie  more  slowly  and  difficultly  it  issues  and  expands.  A  light  gas  will  not  on 
issuing  into  the  air  separate  its  particles,  while,  on  tlie  otlier  hand,  a  heavy  gaa  wiO^ 
by  exerting  greater  friction »  mix  \nth  the  air;  in  order  that  this  effort  ahall  not 
iiyure  the  luminosity  or  the  gas,  the  openings  in  wood-gas  burners  must  be  con- 
siderably larger  than  in  coal-gas  burners.  When  woodgtis  is  burnt  witli  rather 
strong  pressure  front  coal-gaa  burners  calculated  to  cousunie  70  to  100  litres 
(3  to  4  cubic  feet)  per  hour»  the  flume  is  scarcely  luminous,  while  when  burnt  from 
burners  with  largo  openings,  wood- gas  yields  a  light  exceeding  tliat  of  coal-^ 
According  to  the  experiments  made  in  1855  by  Drs.  Liebig  and  Steinhill^  the 
minatbig  power  of  coal-gas  and  wood-gas  used  each  at  4 1  cubic  feet  p€r  hour  ' 
found  to  be  :— 

For  coal-gas   =  io'S4  normal  wax-candles. 
,.    wood-gas -12-92       M 

*|^that  the  average  illaminating  power  of  coal-gas  stands  to  that  of  wood-gas  aa  6  :  5. 
Tb^adTantageof  wood-gas  manufacture  over  tlmt  of  coal-gas  (only  of  course  in  lo<*ali- 
ties  where  wood  is  very  abundant  and  coal  either  not  to  be  had  or  at  great  cost)  is 
evident  enough,  because,  in  addition  to  less  complicated  apparatus  Umn  required  for 
coal-gas,  the  manufacture  ofwood-gas  yields  far  more  vol aable  by-products,  wood  char- 
coal being  tlie  chief  of  these.  Wood^  moreover,  yields  weight  for  weight  more  gaa 
than  coal  in  a  shorter  time  and  of  higher  illumiuating  power,  wliilo  the  gas  is  abso- 
lutely free  from  eulpbnr  and  ammoniacal  compounds,  so  tliat  by  the  burning  of  wood- 
gas  no  sulphurous  acid  can  be  formed-  As  the  distiUation  of  wood-gas  proceed 
rapidly,  one  retort  kept  continuously  in  action  for  twenty-four  hours  will  yie 
10,000  cubic  feet,  while  for  coal-gas  only  4000  cubic  feet  are  obtained  with  one  retort 
in  the  same  time.  On  the  other  hand,  wood -gas  requires  fur  purifying  purposes  a 
very  largo  quantity  of  quick-lime.  The  wood-tar»  about  z  per  cent  of  the  weight  of 
the  dry  wood,  and  the  wood-vinegar — 100  parts  of  wood  yield  05  to  o  75  parts  of  dry 
acetate  of  lime — are  usefully  applied ;  the  tar,  however,  is  in  some  loealitiea  burnt 
under  the  retorts. 

tmi  Gu.  III.  Wlien  peat  is  submitted  to  diy  distillation,  tlicro  is  obtained^  aa  with 
coals,  an  aqueous  distillate,  tar,  and  carbonised  peut  or  peat-coke.  Yolil  obtained  by 
the  dry  distiUatiou  of  an  air- dried  peat,  talcen  from  a  high  moorland  in  the  cant 
Zurichi  Switzerland,  from  100  parts  :— 

Gas ...     

Tar 

Aqueous  distilla  to 

Peat-coke *,. 


17 '625 

5*375 

52000 
25000 


The  products  of  the  dry  distilhition  of  peat  are : — 

Fluid  and  solid  f  5""  ""•  Tn^?  ?*•  f '      • ,        «« 
hydrooorbons.  ("Sn      aubncaUng-oiJ).  0885  ^.gr. 
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Bases. 


/Ammonia. 
EthylfUDoine. 
Picoline. 
Lutidine. 
Aniline. 
Csespitine. 


Acids.  - 


'Carbonic. 

Sulphuretted  hydrogen. 

Cyanhydric. 

Acetic. 

Propionic. 

Butyric. 

Valerianic. 
L  Carbolic. 


/Heavy  hydrocarbons. 
Gaseous  products.    I^^Mrocarbons. 

I  Carbonic  oxide. 
The  apparatus  in  use  for  maldng  wood-gas  answers  tlie  purpose  of  making  peat- 
gas.  W.  Reissig,  who  has  for  a  long  time  been  engaged  in  experimenting  on 
peat-gas  manufacture,  used  a  fat  peat  from  the  neighbourhood  of  Munich,  con- 
taining very  little  ash  and  14  to  15  per  cent  of  water.  On  ^m  average  i  Bavarian 
cwt  of  this  peat  yields  426  Bavarian  cubic  feet  of  gas ;  134  lbs.  of  this  peat  yield 
337  English  cubic  feet  of  gas.  The  gas  is  evolved  at  first  very  rapidly,  as 
is  also  the  case  with  wood,  but  the  evolution  of  gas  from  peat  decreases  more 
uniformly  and  steadily  tlian  it  does  from  wood.  Reissig's  experiments  prove  that 
peat-gas  may  be  prepared  of  very  good  quality ;  he  found  the  purified  peat- gas  to 
consist  of: — 

I.  Heavy  hydrocarbons       952 

Light  hydrocarbon  gas 4265 

Hydrogen 2750 

Carbonic  oxide 20*33 

Carbonic  acid  and  sulphuretted  hydrogen   traces 

loooo 
The  analysis  of  another  gas,  made  with  a  very  excellent  peat,  gave  the  following 
result: — 

II.  Heavyhydrocarbon8{^JjJyl=9:5^[=    I3-.6 

Light  hydrocarbons 3300 

Hydrogen 3518 

Carbonic  oxide 18*34 

Carbonic  acid  and  sulphuretted  hydrogen   000 

Nitrogen    032 


Wfttcr^oai.  IV.  The  manufacture  of  water-gas  essentially  consists  in  forcing  steam 
through  iron  or  fire-clay  retorts  filled  with  red-hot  charcoal  or  coke.  The  steam  is 
decomposed,  yielding  a  mixture  of  hydrogen,  carbonic  oxide,  and  carbonic  acid  gases, 
with  a  small  quantity  of  marsh-gas.  The  purified  gas,  consisting  essentially  of 
carbonic  oxide  and  hydrogen,  is,  altliough  not  luminous  when  burnt  by  itself,  suitable 
for  illuminating  purposes  under  the  following  conditions : — i.  By  placing  on  the 
burners  small  platinum  cylinders  which,  by  becoming  white-hot,  yield  a  strong  light 
— Gengembre's  and  Gillard's  plan.  2.  By  impregnating  tlie  gas  with  vapours  of 
hydrocarbons,  a  more  common  plan,  the  original  idea  being  duo  to  Jobard  (1832)  of 
Brussels. 
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The  determinations  of  the  compositions  of  wnter-j^as  vary  very  much.  JacqaeliuB 
and  Gillard  state  that  the  crude  gas  obtained  by  them  is  a  mixture  of  hydrogen  and 
carbonic  acid,  wliich^  after  having  been  purified  by  means  of  lime,  consists  essentially 
of  hydrogen.  But  it  is  stated  by  others,  and  not  witJiont  good  reason,  that  tljc 
purified  gas  contains  carbonic  oxido  and  hydrogen;  and  Lan^lois's  regidta  agre*! 
with  this  account.  The  formation  of  i  molecule  of  carbnnic  oxide  reqtiires  i  mole- 
cule of  st£!ain,  Uic  hjdroj,'en  uf  which  is  set  free,  C-f  IlaO^CO-f  Hj.  When  the 
carbonic  oxitio  meets  again  with  steam  at  n.  higher  tompernture,  it,  as  has  been 
experimentally  sliown  b}'  Dr.  Verver.  withdraws  oxyijcn  from  the  steam,  forming 
carbonic  acid,  while  some  hydrogen  is  again  set  free ;  CO+HaO  — COa+Hx-  Only 
when  the  carbonic  acid  is  not  witlidrawn  rapidly  enouj^h  from  the  retorts  is  it^ 
re-conversion  into  carbonic  oxidf^  by  contact  with  the  red-hot  charcoal  possible 

inL^uuia/or*  ^'^  ^^^^  y^^^  1S46,  Gillard  established  at  Passy,  near  Paris,  a  gfts- 
work  for  the  purpose  of  manufacturing  hydrogen  by  the  decomposition  of  wMer 
At  first  the  steam  was  decomposed  by  passing  it  through  retorts  filled  witlj 
ret-hot  iron  w  ire,  the  idea  being  to  re-convert  tlie  oxidised  iron  to  tlie  metallic  slate : 
but  as  this  process  did  not  answer,  Gillard  commenced  decomposing  the  steam  by 
passing  it  through  a  retort  filled  with  red-hot  oharconl.  The  crude  gas  thus 
obtained  is  readily  freed  from  the  large  quantity  of  carbonic  acid  it  contains,  by 
crystaHiseil  carbonate  of  soda,  which  is  converted  into  bicarbonate  of  soda.  The  gas 
is  burnt  from  an  Argand  burner  provided  with  numerous  small  holes,  and  the 
flame,  not  luminous  by  itself,  is  surrounded  by  a  net-work  of  moderately  fine 
platinum  wire,  which  on  becoming  white-hot  is  luminous.  In  Paris  this  gas  is 
known  as  platinum -gas  {(ja^-pl<ttine).  It  is  free  from  smell,  bums  without  smok^  or 
soot,  ami  for  this  reason  is  preferred  by  gold  and  silversmitlis  and  eleclro-gilders. 
The  illuniiuatiiig  power  of  this  gas  exceeds  that  of  coal-gas  in  the  proportion, 
according  to  Girardin,  of  130  :  127^  The  llanie  is  quite  steady,  because  Uie  light- 
producing  substance  is  a  solid  body  at  a  white  hent,*  According  to  Dr.  Ververs 
researches  there  are  used  atNarbonne,  France,  for  tl^e  production  of  i  cubic  tnetr«  of 
thia  gas  0*32  Itilo.  of  w^ood -charcoal,  and  for  heating  the  retorts  1*41  kilos,  of  coals. 

ctirbowttcd  WfcUHJfti.  While  engaged  in  his  experiments  on  tlie  oil  obtained  by  the 
strong  compression  of  oil-gas,  Paraday  proved  tliat  if  marsh-gas,  wliich  bums 
with  a  scarcely  luminous  llame,  is  impregnated  ^itli  this  oil,  it  becomes  a  verv' 
luminous  gas,  Lowe  proposed,  in  ilio  year  1S32,  tliat  common  coal  gas  should 
be  rendered  more  luminous  by  impregnating  it  with  vapours  of  tar-oil  or  petroleum. 
Ho  also  showed  tliat  \\  itli  tbe  aid  of  steam  and  red-hot  coke  a  mixture  of  carbonic 
oxide  and  liydrogeu  nuglit  be  ubtiiined  and  rendered  luminous  by  imprcgnaUon  wit] 
tliese  vapours.  Afterwards  Jubard,  at  Brussels,  took  up  the  subject  and  comnJB 
cntcd  Ms  researches  to  the  French  gas-engineer  Selligue,  who  having  at  an  earlier 
period  n833)  hinm  engaged  with  ilniilar  researches,  entered  upon  the  subject  with 
great  energy,  and  employed  carburetted  water-gas  for  ill  urn  tnating  purposes  on  the 
large  scale.  Selligue  used  the  oil  obtained  froni  a  bitumiuous  shale  for  the  purposa 
of  carburetting  the  water-gas,  the  oil  being  obtained  in  the  same  manner  us  such  oil 
is  now  made  from  various  kinds  of  canuel  coal  and  bi  tuminous  shales.  Selligue's  gHS- 
makiDg  apparatus  consisted  of  a  battery  of  tliree  vertical  retorts  kept  coDtinuoasly 


*  Schinz  has  lately  published  an  essay  on  this  gas ;  Bee  Dr.  Wagner's 
dcr  ohem.  Techuologie,'*  1869,  pt  731. 
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red-hot,  two  of  these  retorts  heing  filled  with  charcoal  or  coke  of  good  quality 
and  very  free  from  sulphur.  Into  the  first  of  these  retorts,  which  are  connected 
together,  st^am  is  introduced,  forming  with  ^the  red-hot  charcoal  carhonic  oxide  and 
hydrogen.  This  gaseous  mixture  passing  through  the  second  retort,  also  filled  with 
charcoal,  is  there  deprived  of  any  carbonic  acid,  which  is  converted  into  carbonic 
oxide.  This  is  tlie  reverse  of  the  method  of  water-gas  making  now  employed, 
where  the  carbonic  oxide  is  converted  into  carbonic  acid,  to  be  next  removed  from 
the  gaseous  mixture  by  means  of  lime.  The  very  hot  mixture  of  hydrogen  and 
carbonic  oxide  is  next  passed  into  the  third  retort,  which  is  filled  for  two-thirds  of  its 
height  with  iron  chains  kept  red-hot,  while  a  continuous  stream  of  the  oil  of  the 
bituminous  shale  flows  from  a  reservoir  through  a  syphon -pipe  into  this  retort  (to 
every  10,000  litres  of  gas  5  kilos,  of  oil  are  admitted),  and  upon  becoming  decomposed, 
mixes  with  the  carbonic  oxide  and  hydrogen,  forming  a  gaseous  mixture,  which, 
notwithstanding  the  large  quantity  of  carbonic  oxide  contained,  bums  with  a  highly 
luminous  flame,  tlie  gas  being  at  the  same  time  of  great  durability.  A  gas-furnace 
upon  Selligue's  plan  and  containing  six  retorts  in  two  batteries,  together  of  6  cubic 
metres  capacity,  yielded  in  twenty-four  hours  24,000  to  28,000  hectolitres  (=84,768 
to  98,896  English  cubic  feet)  of  excellent  gas,  with  a  consumption  of  1231  kilos,  of 
oil  of  bituminous  shale,  400  kilos,  of  wood-charcoal,  and  16  hectolitres  of  coal  for 
firing  tlie  retorts. 

Selligue's  process  has  given  rise  to  the  following  methods : — i.  White's  hydrocarl)pn 
process,  in  which  steam  and  gas  are  made  from  coals  (originally  resin  was  employed,  but 
cannel  coals  have  been  substituted)  under  the  influence  of  a  jet  of  superheated  steam 
passed  through  a  red-hot  retort.  2.  Lcprincc's  process.  Gas  mixte  Leprince^  is  an 
improved  hydrocarbon  process,  the  products  of  the  decomposition  of  steam  and  coke 
being  carried  at  a  suitable  temperature  and  in  the  same  retort  (provided  with  a  partition 
and  thus  divided  into  two  compartments)  over  coals  in  process  of  carbonisation. 
3.  Isoard's  process,  with  superheated  steam  and  coal-tar  mixed.  4.  According  to 
Baldamus  and  Grunc's  plan,  steam  and  a  fluid  hydrocarbon  are  decomposed  simul- 
taneously in  the  same  retort.  5.  Kirkham's  plan  and  that  of  others,  the  impregnation  of 
water-gas  with  fluid  hydrocarbons,  benzol,  photogen,  petroleum,  naphtha,  &c.  6.  Long- 
bottom's  proposal  to  carburet  air  by  impregnating  it  with  vapours  of  benzol,  or,  according 
to  Wiederholt's  plan,  with  petroleum  naphtha,  the  benzoline  as  used  in  sponge-lamps. 
Whites  Hydrocarbon  White  in  SO  far  modified  Selligue's  plan  in  causing  water-gas  and 
Proctss.  steam  to  be  forced  through  a  retort  in  which  cannel  coal,  boghead,  or 

resin  are  submitted  to  distillation.  White's  process,  as  yot  rarely  employed,  came  under 
notice  through  the  researches  which  Dr.  Frankland  instituted  at  Clarke  and  Co.'s  gas- 
works at  Ancoats,  near  Manchester. 

Dr.  Frankland  found  the  gas  made  by  White's  process  to  contain  about  15  per  cent  of 
carbonic  oxide,  no  carbonic  acid,  and  some  45  per  cent  of  hydrogen.  This  increase  of 
hydrogen,  without  an  equivalent  increase  of  carbonic  oxide,  can  only  be  explained  by  the 
action  of  the  steam  upon  the  marsh-gas  evolved  in  the  retort  filled  with  cannel  coal, 
probably  according  to  the  following  formulae : — 

Marsh-gas,  CH4 1      •  i  j   f  Carbonic  oxide,  CO. 
Steam,  H2O        [   ^®^^  1  Hydrogen,  3 H^. 

The  composition  of  the  gas,  made  with  and  without  water-gas,  was  as  follows : — 

Gas  from  Boghead  coal : — 

Without  With 

water-gas.  water-gas. 

Heavy  hydrocarbons       24-50  14*12 

Marsh-gas 5^'Z^  22*25 

Hydrogen 10*54  45*51 

Carbonic  oxide 658  i4*34 

Carbonic  acid —  3*78 

Oxygen  and  nitrogen      —  — 

XOO*00  lOO'OO 

44 
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The  advantages  of  White's  hydrocarbon  process  are  not  only  the  increase  of  hydrogen 
and  decrease  of  carbonic  oxide  and  mareh-gas  as  mot  with  in  ordinary  coal-gas,  but  are  to 
be  fonnd  in  the  mechanical  action  of  the  prodncts  of  the  decomposing  steain  by  carrring 
off  Tery  rapidly  the  heavy  hydrocarbons  trc/m  the  retort,  so  that  these  are  witbdratt-n  in 
timo  from  the  decomposing  inHueDce  of  high  temperature,  thereby  lessening  the  f4>rm&- 
tion  ol  tar.  Dr,  Frankland  summarises  the  results  of  this  process  as  follows  : — a*  It  can 
be  employed  without  great  expense  in  any  gas^work,  b.  The  quantity  of  gas  yielded 
iacreaseB  from  46  to  290  per  cent,  c.  The  illuminating  power  increase's  from  14  to  108  per 
cent,  dk  Leas  tar  is  madf?,  a  portion  being  converted  into  gas.  e.  The  heat  and  forma- 
tion of  carbonic  acid  accompanjing  the  combustion  is  much  lesSi  as  this  gas  contains 
more  hydrogen  and  less  carbon, 

Ltrpriaw't  Waier  Ofti.  Tbis  is  ouly  a  modi£cation  of  White's  process,  consisting  ch: 
in  the  use  of  retortn  divided  by  means  of  homcntal  partiticma  into  three  rooms 
chambers,  in  which  the  two  pha^jes  of  the  proeessi  viz.,  the  partial  decomposition  of  wai  _ 
by  means  of  coke  or  charcoal,  and  the  carbnration  of  the  gaa  by  means  of  the  volatile 
products  of  the  dry  distillation  of  gas-coids,  are  carried  on  simnltAneonaly.  The  Gat  mi^u 
Leprince  is  nsetl  in  the  broad-cloth  factory  of  Simonis  at  Yerriera,  and  at  the  Vieille 
Montague  zinc-works,  both  in  Belgium,  also  at  Moestriebt  iind  mmu  places  near  Luik  Liege. 

taoud'flOu.  In  thig  process  tar  is  used  iiistead  of  charcoal  or  coke  for  the  purpose?  of 
deoomposing  the  Ktcam. 

anidMutii  ukd  arutio  t       According  to  this  plan  the  decomposition  cf  steam  and  of  the  hyilro* 
o«».  carbons  is  carried  on  simultaneonsly  in  the  same  vessel,  &o  that  the 

hydrogen  contained  in  the  steam  is  not  evolved  in  free  state,  but  in  combination  ^rith 
eftrboa  as  a  hght- giving  hydrocarbon.  The  gas-making  material ^  brown  coalt  p^at, 
bitmniQous  shide,  dc,  is  fully  utilised  without  any  by-prodnctt),  for  the  tar  is  ejitircly 
ooiLWted  into  gas,  forming  with  the  hydrogen  of  the>  water  a  real  hytlrocorbon. 

Oubonttod  Gm.  The  process  propc»scd  by  Ktjkham  and  several  others  simply  consists  in 
th«  impregnation  of  water-gas  with  the  vapours  of  fluid  hytlrocarbons,  lieuscol,  photo- 
gen,  petroleum,  A'C.  This  impregnation  may  take  place  at  the  works  where  the  gaa  is 
made,  but  better  wbero  the  gaa  ia  consumed,  just  before  isnuing  from  the  burners.  Not- 
withstanding that  a  great  many  apparatus  have  been  contrived  for  the  puri>o8e  of  carba- 
retting  water- gas  and  ortliiitiry  coal-gas,  tbe  process  has  never  answtred  very  well, 
bccauBc  it  is  diillenlt  to  find  suitable  materials  for  carbnretting,  and  because  erroneous 
calculations  have  been  made  in  respect  of  the  quantity  of  carbnretting  materials  required 
to  render  a  uon- luminous  gas  Imninons.  If,  for  instance,  benzol  (Ct^Hc)  be  the  hydro- 
carbon to  be  used  for  carburelling  purposes, 


1000  oubic  feet  of  gas  require 


tat    o* 


t  2342  grms. 
.  5694      .. 


I  benzoh 


The  improvement  of  coal-gas  by  impregnating  it  with  the  vapours  of  some  volatile  hydro- 
carbon has  been  frequently  suggested  and  practically  tried  in  England ;  butt  ftlthat 
various  apparatus  have  been  contrived  for  this  purpose,  such  apparatus  bring  generi 
filled  to  Uie  outlet^plpe  of  the  bause-melers,  the  results  have  not  been  so  satisfactoij  M 
leftd  to  ft  general  intioductiou  of  these  so-called  carburetters.    Among  other  renaone  «h^ 
these  BppTlances  have  been  discarded,  is  the  fact  that  the  gas.  especiidly  in  London ^  eon. 
tains  sulphuretted  hydrocarbon  compounds  in  very  umoll  quantity,  which,  by  bee 
dissolved  in  the  hydrocarbon  used  for  impregnfttuig  tbe  gas,  accumulate  in  the  ( 
retteri  and  are,  when  fresh  carburetiing  oil  is  added,  carried  on  to  the  burners  and  cbcu] 
partly  in  the  state  of  vaponi}  causing  a  ver^'  foul  atmosphere  in  the  rooms  where  the 
IS  burnt. 

Air-tiBt.  Longbottom  suggested  to  free  air  from  carbonic  acid  and  moisture,  and  then 
to  impregnate  it  with  the  vapours  of  very  volitile  fluid-hydrocarbons,  such  as  benjune  and 
benzoline.  Air  can  be  used  as  an  illnminating  gas  in  this  way,  but  it  require*  bomerfi 
with  wide  openings  and  a  low  pressure,  because  if  the  cuirent  of  the  gas  be  too  rapid  the 
flame  is  cooled  too  much  and  readily  extinguished.  Apparatus  for  preparing  air-gas  have 
been  devised  and  constructed  by  Marcus,  Mille,  Methei,  end  others.* 

oti-ou,  R«iiiii-oac  V,  The  fatty,  or  BO-cnlknl  lixed  oils,  arc  among  the  bei^t  gas-making 
materials^  yielding  a  very  pure  gas  and  of  high  illuminating  power,  Xliis  follows 
from  tlieir  compoaition: — Lefort  found  the  formula  of  rapeseed  oil  to  h«  CjoHisOj; 
olive  oil  and  poppy-secd  oil,  CisHi^t*!;  liutsced  oil,  C,jHftsOa;  hemp-seed  oil, 
C„HmOj.     The  fatty  oils  yield  by  dry  distillaticn  chiefiy  uhiyl  gas  or  a  mixture  d 

*  See  "  Jahroflbenobt  der  chcm.  Technologic/'  1S66,  p.  701 ;  1868,  pp*  76'3  and  765. 
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3kydrogen  and  marsh-gas  with  Die  vapours  of  fluid  hydrocarbons,  the  illuminating 
power  of  which  is  equal  to  that  of  elayl-gas.  As  oils  yield  further  only  a  small 
quantity  of  carbonic  acid  gas  and  no  sulphuretted  hydrogen,  oil-gas  does  not  require 
any  purifying,  and  hence  the  apparatus  may  be  very  simple  ;  while,  owing  to  the  liigh 
illuminating  power,  smaller  gas-holders,  smaller  pipes,  and  burners  of  different  con- 
struction are  required.  But  notwithstanding  all  these  advantages,  oil-gas  is  a  thing 
of  the  past.  The  Binnenhof,  at  the  Hague,  with  some  of  the  adjacent  public  build- 
ings, was  lighted  with  oil- gas  until  within  some  ten  or  twelve  years,  when  the 
apparatus  requiring  renewal  was  removed,  and  coal-gas,  as  in  tlie  other  parts  of  the 
town,  substituted.  The  sp.  gr.  of  oil-gas  amounts  on  an  average  to  076  and  090, 
but  may  be  as  high  as  11.  Half  a  kilo,  of  oil  yields  22  to  26  cubic  feet  of  gas,  equal 
to  90  to  96  per  cent. 

Qftafromsuint.  By  this  WO  Understand  a  gas  prepared  from  the  fatty  materials 
present  in  the  soap-suds  used  in  washing  raw  wool  and  spun-yams.  The  water 
containing  the  suint  and  soap-suds  is  run  into  cisterns  and  is  there  mixed  with  milk 
of  lime  and  left  to  stand  for  twelve  hours.  A  thin  precipitate  is  formed,  which,  after 
the  supernatant  clear  water  has  been  run  off,  is  put  upon  coarse  canvas  for  the 
purpose  of  draining  off  any  impurities,  sand,  hair,  &c.,  while  the  mass  which  runs 
through  the  filter  is  put  into  a  tank,  in  which  it  forms  after  six  to  eight  days  a  pasty 
mass,  which  having  been  dug  out  and  moulded  into  bricks,  is  dried  in  open  air. 
At  Rheims  the  first  wash- water  of  tlie  wool  is  used  for  making  both  gas  and  potash, 
because  the  water  contains  no  soap  and  only  suintate  of  potash  (see  p.  132). 
Havrez,  at  Verviers,  has  recently  proposed  to  employ  suint,  wliich,  by-the-bye,  is 
very  rich  in  nitrogen,  for  the  purpose  of  making  ferrocyanide  of  potassium. 

The  dried  brick-shaped  lumps  are  submitted  to  distillation,  yielding  a  gas  which  • 
does  not  require  purification,  and  which  possesses  an  illuminating  power  three  times 
that  of  good  coal-gas.  The  wash-water  of  a  wool  spinning-mill  with  20,000  spindles 
yields  daily,  when  treated  as  described,  about  500  kilos,  of  dried  suinter,  as  the  sub- 
stance is  technically  termed,  i  kilo,  of  this  substance  yields  210  litres  of  gas. 
Annually  about  150,000  kilos,  of  suinter  are  obtained,  and  this  quantity  \^'ill  yield 
31,500,000  litres  =1,112,485  cubic  feet  of  gas.  Every  burner  consuming  35  litres 
of  gas  per  hour,  and  taking  the  time  of  burning  at  1200  hours,  the  quantity  of  gas 
will  suffice  for  750  burners,  and  as  a  spinning-mill  of  20,000  spindles  only  requires 
500  burners,  there  is  an  excess  of  gas  supply  available  for  250  other  burners,  or  the 
owner  may  dispose  of  5000  kilos,  of  suinter,  which  is  valued  at  Augsburg  at  about 
38.  per  50  kilos.,  and  at  about  43.  at  Mulhouse. 

om  from  Petroiomn      YI.  The  so-callcd  posidouiau  schist  of  the  lias  formation,  met 

Oil,  or  Oil  from 

BitominouB  shAies.  -with  near  Reutlingen,  in  Wiirtemberg,  yields  by  dry  distillation 
about  3  per  cent  of  tar,  which  on  being  submitted  to  distillation,  yields  an  oil 
which  cannot  be  burned  in  lamps  owing  to  its  containing  sulphur ;  but  the  oil  is  an 
excellent  material  for  gas  manufacture,  According  to  Haas,  i  cut.  (50  kilos.)  of  the 
oil,  valued  at  i6s.,  yields  1300  English  cubic  feet  of  gas,  so  that  1000  cubic  feet 
inclusive  of  fuel  (^\  klafter  of  wood ;  tlie  klafter  is  a  cubic  measure  by  which  wood 
is  sold,  and  is  =108  cubic  feet)  and  labour  cost  i6s.,  a  low  price  considering  the  high 
illuminating  power  of  the  gas.  The  gas,  according  to  W.  Reissig's  researches  (186?) 
was  found  to  consist  of: — 
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Heavj  hydmcarbous 

Marsli-gas , 

Carbonic  oxid*^ 

Hydrogen , 

Carbonic  acid    , 

Oxygen  and  nitrogen 


loooo 


According  to  experiments  made  at  Stuttgart,  tlio  illuimnating  power  of  tliia  gaa 
2' 5  to  3*5  timea  tJiat  of  coal-gas. 

?Birt.i*tuq^>*i,      In  America  and  on  the  Continent  of  Europe  petroleum  is  now  w. 
for  the  purpose  of  gas-maldog,  beijig  eitht^r  converted  into  gas  or  used  to  corbu] 
water-gas. 

According  to  the  method  of  Thompson  and  Hind  (1862)  the  petrokum  is  converted 
into  gas  by  causing  it  to  pass  tlirough  a  red-hot  retort,  which,  in  order  to  increase 
the  contact  aui'face,  is  fdled  with  lumps  of  fire-brick  or  is  fitted  with  a  scries  of  txttv- 
like  irun  plates,  and  the  gassu  obtained  mixed  with  that  made  by  passing  steam  over 
red-hot  charcoaL  The  crude  gaseous  mixture  is  washed  by  causing  it  to  bubble 
through  hydrocliloric  acid  and  then  through  a  series  of  purifying  apparatus,  so  that 
tlio  gas  collected  in  the  gas-holder  is  devoid  of  smell  The  arrangement  of  the 
retort  used  in  this  process  is  Uie  following:— The  retort  is  placed  horizontally;  to  the 
lid  is  fitted  a  hollow  cylinder  which  is  tilled  witli  coke  or  charcoal.  In  the  spac^} 
between  this  cylinder  and  the  sides  of  the  retort  is  placed  a  serpentine  iron  plate. 
Through  tlie  lid  of  the  retort  two  tubes  aro  carried ;  one  of  these,  communicating 
with  the  serpentino  iron  plate,  is  destined  for  Llie  introduction  of  tlie  petroleum  oil. 
w*hile  tlie  otlier  is  used  for  passing  in  Uie  eteani,  and  comumiiicates  with  tlie  cylinder 
illled  with  coke  or  charcoal .  At  tlio  other  end  of  ihc  retort  a  tube  is  £tted  for 
carrv^g  the  gas  to  the  purifier.  "W  hou  the  petroleum  is  converted  into  giu  withoui 
water-gas,  i  cwt.  of  rennsylvaniRn  oil  yields  1590  cubic  feet  of  gofl,  which,  whea 
purified,  consists,  according  to  Bolley,  of: — 

I.  IL 

Heavy  hydrocarbons       ,* •     •..     3i'6  334 

Light  hydrocarbons        45  7  40X 

Hydrogen 327  z6o 

1000  1000 

H.  Hirzeil  prepares  gas  Irom  the  residues  of  the  refining  of  petroleum^  which  an> 
less  volatile,  as  well  as  from  petroleum  itself,  Hirzel's  apparatus,  already  largely 
used  in  Germany,  Austria,  Itussia.  and  elsewhere,  is  especially  adapted  for  tlie 
purpose  of  making  gas  for  railvvuy-slatious,  barracks,  lactones,  hotels,  and  isolated 
country  seats ;  its  mode  of  action  will  be  readily  understood  with  the  aid  of  Fig,  300. 
n  is  a  wronght-iron  vessel  cooiaining  petroleum  or  the  residues  of  the  reliaing. 
This  Tessel  is  fitted  with  n  suction-  and  forcu-pnmp,  t.,  tlie  piston  of  wliich  can  he 
filled  with  petroleum  by  irinding  up  the  clockwork  with  which  it  is  connected.  As 
»oon  as  the  retort  is  red-hot,  weights  are  put  on  tlie  piston,  after  which  tlie  pendulum 
of  the  clockwork  is  set  in  motion  and  the  rope  unreeled,  allowijig  tlie  piston  to  sink 
slowly  into  the  pump-body,  tluis  forcing  tlie  petroleum  through  i  uniformly  into  the 
retort  4,     The  petroleum  is  converted  into  gas,  and  this  is  carried  through  the  tube  d 


en 

I 
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into  the  receiver,  u,  and  tlienc<j 
tJirougli  tho  condenser,  c,  which  is 
filled  with  pieces  of  brick,  into 
gas-holder.  In  d  the  pipe  dips 
ader  the  surfiice  of  tlie  petro- 
leum, so  thai  a  hydraiilic  valve 
is  provided,  prevontinsjf  tlie  gns 
from  returning  to  tlie  retort.  In 
order  to  keep  this  column  of 
petroleum  at  the  snrne  height, 
there  is  fitted  to  e  the  U-shaped 
tube  c,  by  means  of  which  any 
superfluous  oil  entering  c  is  run 
off  into  a  pail.  The  tube  h, 
fitted  to  the  gas-tub<i  d,  is,  by 
means  of  a  pipe,  connected  witli 
B  water- pressure  gauge,  by  the 
aid  of  wliicli  the  pressure  xn  the 
retort  during  the  operation  can 
be  ascertained;  this  pressure 
amouuts usually  to  S  to  1 2  centims. 

f  of  water.  The  hd,  e,  of  the  con- 
denser, c,  is  kept  gas -ti gilt  by  the 
rim  dipping  in  water  poured  into 
an  amiular  space.  The  working 
of  this  apparatus  is  very  simple. 
The  clock -mo  lion  is  maintained 
fur  an  hour,  and  in  that  time 
about  20Q  cubic  feet  of  gas  are 
made.  If  by  any  chance  tlie 
tubes  are  choked,  tlie  manometer 
will  indicate  the  accident.  When 
in  regular  use  the  apparatus 
ahould  be  cleaned  once  in  five  or 
six  weeks,  and  after  every  twelve 

i  distillation B  the  retort  should  be 
opened  and  the  crust  of  coke 
picked  off  with  a  sliarp  iron  bar. 
Petroleum-gaa  is  tlje  best  that 
can  be  made,  and  it  has  the  ad- 
vantage tliftt  even  under  strong 
pressure  and  intense  cold  it  does 
not  deposit  tarry  matter,  nor 
does  it  lose  any  of  its  illumi- 
nating power.  It  is  absolutely  free 
from  amiooniacal  and  sulphirr 
compounds  and  from  ctirbonic 
acid.    The  sp.  gr,  of  petroleum- 
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gAs  is  0*69,  and  it  consists  chiefly  of  acetylea  (C2H4).  It  is  burnt  from  baTBen 
which  consume  per  hour  only  one-quarter  of  a  cubic  foot  to  a  maximum  of  s  cubic 
feet.  200  cubic  f*3et  of  this  gas  arc  equivalent  to  1000  cubic  feet  of  coal-gas.  At  the 
suggestion  of  L.  Rarodohr  (1S66),  the  sodium  carbolate  (creosote  soda)^  which  is 
obtained  in  large  quantities  in  the  paraffin  and  mineral- oil  works,  is  used  for  gas- 
making  under  the  name  of  creosote-gas. 

iiMio^*fc  VII-  When  the  substance  known  as  Venice  tm-pentine^  a  mixture  of  oil 
of  turpentine  and  resinous  matter,  is  submitted  to  distillation  with  wator,  th«re, 
remains  oolophoniiim,  or  commonly  resin,  which  essentially  consists  of  syh*io  nnw 
pinio  acids,  tliese  being  isomeric  and  corresponding  to  tlie  formula  CioHjoO^. 
Before  the  ]ate  American  M^ar  colopbonium  was  ianported  in  very  large  quantity  into 
Europe,  and  was  used  in  Eugland  as  well  as  on  the  Continent  for  the  purpose  of  gas 
manufacture. 

^Micn  decomposed  under  the  influence  of  heat  colopbonium  yields  im  oily  fluid, 
80-called  resin  oil,  wliicli.  when  submitted  to  red -heat,  is  converted  into  gas.  Ti 
oil  is  veiy  complex,  and  contains  bodies  which  are  roliitilitied  below  red-heat, 
inconvenience  in  gas- making,  because  tliese  compounds  as  soon  as  formed  become 
volatilised  instead  of  being  converted  into  gas,  Consequtntly  it  is  necessary  to  pass 
the  first  products  of  the  decomposition  through  several  retorts  in  order  to  convert 
them  completely  into  gas,  thereby  complicating  Ihe  apparatus  and  increasing  the  cost 
of  fiieh  Auotlior  difficulty  in  the  making  of  resin-gas  is  occasioned  by  the  fact  tlial 
colopbonium  is  a  solid  substance  wliich.in  order  to  be  fitted  for  gas-making,  so  as  to 
supply  tlie  retorts  uniforaily  and  constantly,  has  to  be  tii-st  liquefied.  Tins  has  been 
in  some  instances  cflected  by  dissolving  the  resin  either  in  oil  of  turpentine  or  in 
resin  oil,  while  in  otlier  instances  the  resin  has  been  first  molten^  and  tlien  caused  to 
flow  into  the  retorts  filled  with  coke  or  lumps  of  fire-brick  to  increase  the  surface. 
The  hot  gas  from  the  retorts  Is  washed  wiih  cold  water  in  order  to  free  the  gas  from 

any  adliering  resin  oil     It  is  next  purified  from  the  carbonic  acid  it  contains  (on  an 

average  about  8  per  cent)  by  passing  it  thntii^h  a  saint  ion  of  caustic  soda,     100  Ibi^^H 
of  resin  yield  about  1300  English  cubic  feet  of  gas,  a  quantity  which  is  greatJ|^H 
increased  when  the  Whtte-Frnnkland    hydrocarbon    process  is  employed.     This 
process^  however,  is  obsolete  in  consequence  of  the  very  fluctuating  supply  of  resin 
since  the  last  American  war  and  the  greatly  increased  price  of  that  article. 

The  Hme-hght,  Tessi^  du  Motay  s  oxyhydro;:en  light,  the  mii^'nesinm  light,  and  the 
electric  light  havo  to  be  considered  as  appemlices  to  llie  iOmuinaling  and  artificial 
light  producing  materials. 

Liin«-Light.  When  a  mixture  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen 
is  ignited,  each  gas  being  supphcd  from  a  separate  gas-holder,  we  obtain  wlmt  is 
known  as  tlio  oxyhydrtYgCin  blowpipe*  the  beat  evolved  being  suilicient  to  fuse 
platinum.  The  flame  of  this  mixture  is  not  luminous,  but  if  it  is  made  to  impinge 
against  apiece  of  quickhme,  the  latter  being  rendered  intensely  whitediot,  emit*  a 
light  of  very  great  intensity.  For  the  general  purposes  ot  artificial  illumination  the 
lime-light  is  not  suitable,  arising  partly  from  the  high  price  of  oxygen;  but  fo? 
scientific  purposes  and  for  signals,  Ihe  lime-light,  also  known  as  the  Drummond-,  or 
nidernl  light,  is  very  manageable.  According  to  the  '*  Journal  of  Goa  Lighting'* 
I  rSCig)  the  Qutlionties  of  the  British  War  Department  have  arranged  to  use  tlie  lime- 
light in  mihtary  barracks  and  cavalry  stables,  having  instituted  a  seriea  of 
experiments  in  the  yard  of  the  Queen's  Barracks.    The  illuminating  apparatus  and 
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reflecting  mirror  were  placed  on  a  temporarily-erected  wooden  frame-work,  18  feet 
high,  and  when  the  lime  was  ignited  the  yard  was  lighted  up  so  strongly,  that  at 
100  yards  distance  from  the  liglit  the  smallest  type  could  be  read.  A  smaller  light 
surrounded  by  a  glass  globe  was  tried,  and  found  to  be  so  efficient,  that  at  30  yards 
distance  from  tlie  light  a  pin  could  be  distinguished  lying  on  the  i)avement.  Tlie 
light-apparatus  tried  in  one  of  the  barrack-rooms  was  still  smaller,  but  lighted  the 
room  very  brilliantly. 

■^•■^^f  niSSjSti^*"'°'*  For  some  years  Tessi6  du  Motay's  method  of  illumination  has 
been  often  before  the  public.  During  the  latter  part  of  187 1  and  the  earlier  montlis 
of  this  year,  this  method  has  made  considerable  progress  in  improvement,  and  is 
used  in  some  parts  of  Paris  and  Vienna,  and  has  been  tried  at  the  Crystal  Palace. 
The  gas-mixture  used  is  either  water-gas — a  mixture  of  hydrogen  and  carbonic 
oxide — or  hydrogen  only,  or  also  coal-gas,  burnt  with  a  regulated  supply  of  oxygen 
instead  of  air.  The  oxygen  is  obtained  by  the  decomposition  of  the  vapours  of 
.<;ulphui*ic  acid  or  from  manganato  of  sodium,  or  by  the  decomposition  of  oxychloride 
of  copper.  Tlie  flame  of  the  oxyhydrogen  gas  is  made  to  play  against  a  small 
cylindrical  piece  of  magnesia  or  zirconia ;  but  more  recently  (1869)  Tessi6  du  Motay 
has  somewhat  altered  his  metliod.  by  causing  the  oxygen  to  become  saturated  with 
a  solution  of  naplithaline  in  petroleum.  It  appears  that  the  latest  and  most  practi- 
cally available  metliod  is  the  feeding  of  good  coal-gas  witli  oxygen,  a  very  excellent 
light  being  produced. 

Mr.  Crookes  has  found  a  supply  of  good  coal-gas  best  adapted  to  the  oxy-hydrogen 
flame,  the  oxygen  being  supplied  from  a  burner  quite  separate  from  the  hydrogen  burner, 
and  having  a  broad  slit  from  which  the  gas  issues.  The  oxygen  should  be  suppUed  at  a 
steady  but  full  pressure.  The  material  upon  which  the  flame  impinges  may,  with  advan- 
tage, be  of  dolomite.  Under  these  conditions,  Mr.  Crookes  has  always  found  the  lime- 
light to  work  satisfactorily.  The  dolomite  does  not  crack  nor  splinter,  as  is  the  case  with 
quick-lime  or  magnesia.  There  are  also  the  advantages  in  employing  separate  burners,  of 
decreased  expense  of  apparatus,  and  of  perfect  safety. 

MM.  Deville  and  Geruez  proposed  some  time  since  to  make  a  series  of  experiments  to 
ascertain,  in  a  chamber  containing  compressed  air,  whether  the  tension  of  steam  (which  is 
said  to  be  complementary  to  the  tension  of  dissociation)  in  the  flame  of  the  oxyhydrogen 
blowpipe  is  augmented  by  exterior  pressure,  and  if  the  augmentation  extends  to  the  tem- 
perature of  the  flame.  In  a  cylindrical  chamber  of  forty  metres  contents,  and  the  sides 
of  which  have  been  proved  to  eleven  atmospheres,  is  arranged  the  necessary  apparatus. 
The  operators  enter  the  cylinder,  and  the  air  is  compressed  by  means  of  a  steam-pump, 
when  the  experiments  are  proceeded  with  as  iu  the  open  air.  The  endeavour  has  at  pre- 
sent been  confined  to  ascertaining  the  condition  of  various  substances  at  the  moment  they 
combine  in  homogeneous  flames,  and  the  resulting  temperatures.  The  homogeneous 
flame  employed  is  that  of  carbonic  oxide  and  oxygen.  "With  this  flame  and  a  pressure  of 
1*7  atmospheres  platinum  melts,  flying  off  ii>  sparks  with  a  facility  it  never  exhibits 
in  air ;  it  melts  in  those  portions  of  the  flame  which  in  the  air  would  only  heat  it  to  red- 
ness. We  must  then  deduce  that  the  temperature  of  these  flames  augments  with 
the  pressure  they  support,  and,  consequently,  the  quantities  of  matter  which  combine 
are  greater,  and  the  dissociation  diminished.  Dr.  Frauklaud  has  shown  that  the 
brilliancy  of  the  flame  of  hydrogen  gas  increases  considerably  with  the  pressure,  so  that 
with  a  pressure  of  twenty  atmospheres  it  surpasses  that  of  a  normal  caudle.  Similarly 
when  a  mixture  of  oxygen  and  hydrogen  is  ignited  in  an  eudiometer  the  flame  is  intense, 
while  in  open  air  it  is  scarcely  visible.  M.  Deville  thinks  that  if  the  quantity  of  heat 
disengaged  by  a  substance  burning  with  brilliancy  be  measured,  the  result  would  not  be 
the  same  in  operating  with  an  opaque  calorimeter  as  with  one  which  transmits  the  light 
and  chemical  rays.  This  remark  when  worked  out  will  probably  produce  results  of  tech- 
nical  interest. 

Magneunm  Light.  The  Very  intense  light  which  is  produced  by  the  burning  of  magne- 
sium (see  p.  1 1^)  has  been  of  late  frequently  employed  for  photographing  purposes. 
Magnesium  lamps — as  exhibited  in  1867  at  the  International  Exhibition,  at  Paris— 
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ore  arranged  for  tLo  use  of  magnesium  wire  or  nmg^ncsium  dust,  while  iu  eadi 
instance  a  spirit- flame  is  employed  tu  enhuro  tlie  coniinuitj  of  combustiou.  In  Uve 
lamps  with  wire,  this  is  pulled  fon^urd  by  tlie  aid  of  clockwork  ;  while  in  the  lum 
btirning  the  dust,  this,  mixed  with  very  dry  and  iin©  sand  (one-tliird  magnesium  autf 
two-thirds  eandl,  in  order  to  ensure  to  the  miigiiesium  particles  a  Bufficient  aco€Sd  of 
air,  ia,  on  opening  a  stop-cock,  supplied  from  a  reserToir.  The  magnesium  light  woa 
used  on  a  large  scale  in  the  Al^yHsinian  war,  several  cwts.  of  magnesium  havii 
been  supplied  hy  Mr,  Jlollor,  the  director  of  the  Magnedum  Motal  Company,  at 
Manchester, 

cbaUMuit  light.  Under  tlits  name  is  known  in  England  a  kind  of  flash-light,  obtained 
by  blowing  a  mixture  of  pulverised  resin  and  magnesium  dust  through  tlie  fiame  of 
a  spirit-lamp.    T]iis,llnsli-light  la  used  for  mihtary  signals. 

UteirioUghL  Although  the  electric  light  has  not  been  generally  employed  it 
deservea  a  lengthy  notice.  As  is  well  known,  the  discharge  of  an  electric  sptirk,  or 
a  continuous  voltaic  or  magneto-electric  current,  is  capable  of  producing  in  pieces 
graphite  an  intense  liglit ;  and  when  this  is  obtained  by  Buitiibly  constructed  apparatusi* 
it  may  be  rendered  available  for  practical  purposes.  More  recently  Professor 
Jacobi  has,  with  the  assistance  of  M.  Argeraud,  of  Paris,  made  a  series  of  experi- 
ments on  street  lighting  with  the  electric  light.  Upon  the  tower  of  tlie  Admiralty 
builtlings  at  St,  Petersburg,  an  electric  light  apparatus  was  placed,  and  with  it  ibre** 
of  the  largest  streets  <if  tlie  city,  viz,  Kewsky  Prospoct.  Erbscn  Strasse,  and  Wos* 
nescnsky  ProHpect.  were  illumitiated  at  night  from  seven  until  ten  o*clock,  Th«> 
light  was  intense,  and  the  very  clear  f»ky  appeared  as  by  sunlight,  whde  tlie  gaslights 
became  lurid.  The  battery  employed  was  a  carbon  battery  of  185  cells.  In  1854. 
the  works  for  the  constntction  of  the  Ka  pole  on  docks,  at  Pouen,  were  for  several 
nights  illuminated  witli  the  elictric  light  fur  three  to  four  hours  consecutively; 
800  men  were  at  ^vork,  and  could  continue  their  labour  at  a  distance  of  100  mctrrs 
from  the  source  of  hglit.  A  Bunsen  battery  of  large  size  with  100  cells  was 
used.  Tliis  light  wits  very  cheap,  the  cost  per  man  being  about  tlu'ce  failhings; 
while  tlio  labour  could  proceed  as  in  tkylight.  Several  lightlmusea,  among  them  the 
North  Foreland  on  tlie  Kentish  coast,  and  also  that  of  Cape  la  Ilcve  near  Havre. 
have  been  fitted  with  apparatus  for  (he  tlectrio  light.  This  light  is  also  used  in 
many  cases  in  dissolvjtig  vieus^  and  for  the  iUinnination  of  pleasure  gardens  al 
London,  Paris,  Berlin;  and  permanently  for  lighting  the  blatc  quarries  situated  near 
Angers,  France.  The  electric  light  has  been  tried  for  suhniarinc  Ulumiuation  with 
success,  and  also  fi*r  photograpliing  purposes.  Colonel  von  Wcyde  inventi^d  a 
submarine  electric  illuminating  apparatus,  used  by  the  French  men-of-wajr  in^tiio 
late  conflict  between  France  and  Germany.  In  Spain,  iu  1862  aiid  i86j,  the  electrie 
light  was  frequently  employed  during  the  night  iu  the  construction  of  railwaja.  The 
magneto-electric  npparuUiH  invented  by  Dr.  Siemens  {1S67)  is  of  great  importaooe.  1 
as  proved  by  the  experiments  made  at  Burlington  House.  By  means  of  tliis  machini^^l 
it  bec4>meB  possible  to  obtain  electric  currents  at  a  cheap  rate,  of  enormous  powei^H 
and  especially  adapted  for  liglithouses. 

By  the  exercise  of  great  ingenuity,  the  difficuUies  attending  the  maint<)nanef!  of  th** 
curboii  points  ftt  An  eqmU  diflianco  have  been  overcome.  The  lamps  in  which  thit*  r#>TiU 
H  effecteil  are,  however,  more  or  lese  complicated,  cjfpenRive,  and  liable  to  pet  out  of 
frdcr.  The  electric  lamps  of  Foucault,  Senin,  and  l>nho»cq.  described  admirably  in 
Dr.  SchcUen'ft  **  Spectrum  Analyids,"  and  cngrannga  of  which  are  to  be  met  with  in  mort 
ireatifiCB  on  phy»cs,  are  delicate  pidcea  of  mechanism  peculiarly  uusuited  to  tho  tQU^ 
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himdling  tc»  ^hich  apparatus  in  ns«  for  technical  or  signaUlng  pnrpoaos  must  be  sub' 
mitted.  The  elecLiio  lamp  devised  by  Mr.  Browning  is  fdniplo  in  consjtruction,  but  even 
this  requires  more  attention  than  conld  he  bestowed  upon  tha  gource  of  light  for  general 
purposes. 

Tho  parity  of  the  carbon  points  has  much  to  do  with  the  intensity  of  the  light 
emitted  by  batteries  of  the  same  strt^ngih ;  while  their  distance  from  oach  other  is  aleo  of 
ooDfieqnence.  50  or  &o  Bunseu^tt  demitnts  will  yield  a  light  equal  to  that  of  400  to  1000 
stearlne  candles^  according  to  the  purity  of  the  curbun  points.  Taking  the  snnhght  at 
noon  on  an  August  day  to  bo  represented  by  1000,  Foucault  and  Fizeau  have  fouud  the 
chemical  power  of  the  light  obtained,  nnder  tho  best  conilitions,  from  46  Buneen't 
cells,  expressed  by  the  number  235.  Pespretz  states  thai  the  light  from  100  Bnuaen 
elements  produces  much  discomfort  to  tho  eyes,  while  that  from  600  elements,  even  at  a 
glance,  is  sufficiently  intense  to  cause  conedderabl©  injury.  But  tlie  duration  of  the 
«lectrio  light  as  obtuined  from  battery  power  is  not  continuous.  Whether  frora  polarisa- 
tions in  the  battery  or  from  many  other  canseSf  the  light  somellmes  fails  for  several  con* 
secutive  minutf  5.  It  boi'umes  then  necessary  to  have  recourse  to  some  lource  of  elec- 
tricity in  which  these  objections  are  eliminated.  To  a  great  extent  this  ia  the  cas« 
with 'magneto-tileetncity.  The  light  from  Messrs.  Wilde's  large  maehine  is  the  most 
powerful  artiticiuJ  light  which  has  ever  been  produced,  piving  about  eight  times  the  light 
of  former  magueto-electrie  machines.  Like  most  practical  applications  of  science,  the 
important  results  which  Mr,  Wilde  has  obtained  depend  more  upon  an  ingenious  combi- 
nation of  several  known  facts,  miited  with  considerable  engineering  skill,  than  upon  Anj 
really  new  and  striking  discovery.  The  principlo  of  the  machine  can  be  expressed  in  ft 
few  words.  It  consists  in  the  application  of  a  cnrreut  from  an  electro -magnetio  machine, 
armed  with  permanent  magnets,  for  the  purpose  of  exciting  a  powerful  electro -magnet; 
this  electro-magnet  being  now  used  as  the  basis  of  a  still  larger  electro-maguetio  machine, 
for  the  purpose  of  having  induction  currents  generated  by  its  agency.  In  other  words,  by 
well-known  means,  an  clectrie  current  can  be  obtained  by  the  rotation  of  an  armature 
close  to  the  poles  of  a  magnet.  If  this  electric  current' be  passed  round  an  electro- 
magnet, it  may  be  mAde  to  produce  a  far  greater  amount  of  magnetism  than  was 
possessed  by  the  first  magnet.  There  ia  no  difficulty,  therefore,  in  comprehending  how, 
by  the  mere  interposition  of  a  rotating  armature,  and  the  eipendituro  of  force,  a  small 
and  weak  maguet  may  be  made  to  actuate  a  very  powerful  magnet.  But  as  the  power  of 
the  magnet  increases,  so  docs  the  power  increase  of  the  electric  current  which  may 
be  generated  by  indnction  in  an  armature  rotating  between  its  poles.  We  have,  therefore, 
only  to  pass  this  No.  2  induced  current  from  No.  2  magnet  round  a  stiU  larger  magnet, 
No.  3  ;  and  by  rotating  an  armature  between  its  poles,  w©  can  get  a  stiU  more  energetic 
oorrent,  No,  3.  Theoretically  there  is  no  limit  to  this  plan — it  is  a  species  of  involution  ; 
and  when  it  i^  considered  that  each  conversion  from  magnet  No.  i  to  magnet  No.  2,  d'c,  or 
from  induced  current  No.  i  to  induced  current  No.  2,  Ac,  mnltipUes  the  power  very  many 
times,  it  will  not  be  giirprislng  that  after  three  involations  the  induced  current  possesses 
Huch  magniHeent  powers. " 

Some  erroneous  opinions  are  pretty  generally  entertained  as  to  the  actual  discovery 
clftimed  by  Mr.  Wild^,  and  the  splendour  of  the  result,  for  achieving  which  he  deserves 
the  Tery  highest  credit,  is  liable  to  cause  earlier  investi^yators  in  the  field  to  be  overlooked; 
this  would  be  most  unfair,  for  it  is  through  their  ioiRtrumeutality  thnt  the  wny  has 
been  paved  for  the  suecesfi  now  achieved.  In  1838,  Abbes  Moigiio  and  Raillard  proved 
that  by  taking  an  electro -maf^it'tic  machine,  the  original  magnet  of  which  would  flop- 
port  only  a  ft*w  grammes,  and  passing  the  electric  current  generated  by  it  round  « 
large  electro-magnet,  the  latter  could  bo  made  to  support  a  weight  of  6uo  kilognns.  The 
Abbes  carried  the  multiplication  of  power  ouly  so  far  as  to  obtain  the  more  powerful 
magnet,  No»  3,  from  the  weak  magnet,  No.  i. 

With  the  three  armatures  of  Mr.  Wilde's  machine  driven  at  a  uniform  velocity  of  1500 
revolutions  pt-r  niiiuite,  an  amount  of  magnetic  force  is  developed  in  the  lar^c  electro- 
mttgn<^t  far  excet*diug  anything  which  has  hitherto  botn  produced,  aci:umpaniod  by  the 
evolution  of  an  amount  of  dynamic  electricity  from  the  quantity  armature  so  enormous 
as  to  melt  pieces  of  cylindrical  iron  rod  fifteen  inches  in  length  and  fully  one  quarter  of 
an  inch  in  diameter.  With  this  armature  in,  the  physiaK>gical  effects  of  the  current  can 
be  borne  without  inconvenience.  When  the  intensity  armature  was  placed  iu  the  74nch 
magnet  cylinder,  the  electricity  melted  7  feet  of  No.  iG  iron  wire,  and  made  a  length  of 
21  feet  of  the  same  wire  red-hot.  The  illuminating  powtr  of  the  current  from  this  arma- 
ture was  of  the  most  spleudid  description.     When  an  electric  lamp,  furnished  with  rodi 
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of  gttfi  carbon  half  an  hiob  equate,  yvi\B  placed  on  the  top  of  a  lolty  bailding,  tht 
light  evolved  from  it  was  auflicieut  to  cu.st  tbu  shadowa  of  the  fliuncs  of  the  street  lampa 
a  quarter  of  a  mile  dietaiit  tipou  the  neighbouring  vfoMs.  When  riewed  from  tb»i 
dktunee,  the  rnys  proceeding  from  the  rotlector  have  nil  the  rich  effulgence  of  aniisbine. 
With  the  reflector  removed  from  the  hinip,  the  bare  light  is  estimated  to  have  an  intensity 
equal  to  4000  wax  candles.  A  piece  of  ordinary  sensitised  paper,  8Uoh  as  is  used  for 
pbotograpliic  printing,  when  exposed  to  the  action  of  the  light  for  twenty  seconds,  at  a 
dlBtance  of  2  feet  from  the  reflector,  was  darkened  to  the  fi4ime  degree  as  a  piece  of  the 
eame  sheet  of  paper  was  when  exposed  for  a  period  of  one  minute  to  the  direct  rmri  of 
the  sun  at  noon  on  a  very  clear  day  in  the  month  of  March.  Paper  could  be  easily  set  on 
lire  with  a  burning-glass  introduced  in  the  path  of  the  rays  from  the  rejector. 

It  will  be  of  interest)  apart  from  all  questions  as  to  economica!  production,  to  ascertain 
what  ia  the  theoretical  quantity  of  coal  required  to  be  conBumed  m  the  production 
of  this  amount  of  electric  force.  Mr.  Wilde  says  that  a  7-hor80  engine  is  rei^nired  to 
drive  tlje  mncbine.  One  horse-power  is  equal  to  1,980,000  foot-pounde  per  hour;  that 
multiplied  by  seven  is  13,860,000  foot-pounds  per  hour,  which  therefore  repreaoils 
the  actual  iwwcr  required  to  drive  the  machine.  Now,  by  multiplying  the  British 
Fahrenheit  units  of  lieut  produced  by  the  combustion  of  one  poniul  of  coal  by  Joule^s 
equivalent,  772  foot-pounds,  the  result  will  be  the  total  heat  of  combustioD  expressed  in 
foot-pounds.  In  the  best  coal  this  is  as  high  as  12,000,000  foot-pounds.  Wc  arrive, 
therefore,  at  the  coucluRion  that,  to  OTeroome  the  friction  of  the  different  parts  of  the_ 
machine;  to  whirl  a  moss  of  nietaU  weighing  several  hundredweights,  round 
a  velocity  of  1500  revolutions  per  minute  ;  to  generate  a  current  of  electric  force  far  sn 
passing  anything  before  produced  ;  and,  after  allowing  for  the  waste  inherent  in  its  pa 
aage  through  the  conducting  wires  and  electric  lamp,  to  cause  it  to  blaze  forth  with  an  inti 
sity  of  hgbt  paling  the  rays  of  the  sun ;  to  keep  up  this  intense  development  of  enc 
for  one  hour — reqoires  an  cxponditure  of  force  represented  by  the  combustion  of  less  tbi 
18  J  oxs.  of  coal.  This  is  the  theoretical  cslculation;  but  if  rednced  to  actual  practice,  '  _ 
^  results  are  scarcely  less  astonishing.  The  eftcifney  of  an  engine,  i,e,  the  ratio  of  the 
work  actually  performed  to  the  mechanical  equivalent  of  the  heat  expended,  varies  in 
extreme  cases  between  the  limits  002  and  0*2.  Taking  an  average  efficiency  as  o-itOrc 
tenth,  we  find  that  the  ordinary  consumption  of  coal  required  to  work  a  7  hors«-] 
engine,  midway  between  excessive  wasttfulnesa  on  the  one  hand,  and  rigid  eeon 
on  the  other,  is  10  x  iSi  ounces,  or  ii^  lbs.  of  coal  per  hour,  worth  about  one  halfp 
This  iSf  of  coiu'se,  only  one  item  in  the  cost — to  it  mast  be  added  the  expense  of 
rods  for  the  lamp,  which  ^vill  1>g  about  ten  inches  per  hour,  worth  perhaps  a 
there  must  also  be  added  interest  of  the  coat  of  purchase  of  machines,  expense  of 
tenanco  and  repairs,  which  will  perhaps  bring  up  the  total  expense  per  hoar 
Mxpenco  or  ci^jchtpence.  Comparing  this  with  the  hourly  expense  of  the  electric 
already  in  existence,  we  find,  according  to  the  Abb6  Moigno,  that  the  French  ma 
costs  altogether  sixpence  per  hour  for  a  light  equal  to  900  wax  candles  ;  whilst  the  aetoal 
working  expenses  of  maintaining  the  electric  hght  at  Cape  La  Hcve,  during  a  period  of 
twenty-seven  month 9  have  been,  exclusive  of  salaries,  about  one  shilling  per  hour, 
or  incluEivo  of  salaries,  two  shillings.  According  to  a  calculation  made  by  the  Abb^ 
Moigno  respecting  the  economy  of  the  light  evolved  by  the  French  mAcbines,  it  iqipear* 
that  to  niaiutiiin  a  light  equal  to  4000  wax  candles  for  one  hour  wonld  cost — ^with  ga*» 
£1  2s.  6d. ;  with  coka  oil,  £1  7s. ;  and  with  the  electricity  produced  by  a  Bunsen**  pil^. 
£1  15B.  6d.  The  annual  expenditure  at  a  first-class  Lighthouse  on  the  old  system  is,  on  an 
average,  £400  per  annum ;  and  on  the  assumption  that  the  light  bums  for  4000  hours  per 
annum,  that  would  come  to  two  sbillings  per  hour.  The  expenses  of  the  old  and 
the  electric  system  are  therefore  not  very  dis«vimilar ;  and  the  problem  of  the  adoption 
of  electricity  to  supersedi  oil  nicst  be  decided  on  grounds  of  convenience  and  eflicienc>* 
alone. 

One  cause  of  inconstancy  in  the  electric  lamp  which  binders  the  adaptation  to  the  pur- 
poses of  lightbotiHO  illumination  is  the  unequal  consumption  of  the  carbon  points.  From 
experiments  recently  conducted  for  the  Trinity  House,  Mr,  Stevenson  finds  that  tb»" 
©mployraent  of  a  modified  form  of  vacuum-tube  removes  this  objection.  The  subject 
upon  which  we  cannot  enter  more  fiiliy  here  i^  very  exhaustively  treated  in  Mr.  St^veJit«^n*s 
recent  work  on  the  iUnmination  of  lighthouses. 

The  following  Table  exhibits  the  comparative  iUimunating  power  of  the  pnnclp&J 
artificial  lights : — 


it  obtained 

Illnminatixig 

Liogrms.of 
3  material. 

power  (wax 
candles  =  100), 

III02 

100 

9603 

84 

123-17 

108 

10170 

90 

9469 

83 

139-87 

123 

17007 

159 

6230 

55 

11580 

102 

149*03 

Ui 

22564 

199 

174-40 

180 

186-01 

195 
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,     .              Consumption  Intensity  of  light.  Light  obtained 
Light-producing                  ^^^  ^       /j  ^^^  Q^ndle      from  logrms.  ol 
Substance.  ^  ^^^^  ^  ^^^^  

Wax      9*o2  IO2-0O 

Stearic  acid 9*94  95*5° 

Spermaceti 887  108*30 

Tallow 887  90-25 

Parafl&n(ist quality)   ...  883  — 
(2nd    ..    )  ...  8-49  — 
^  /Moderator  lamp  ...  40' 69  694*00 
^i Kitchen  lamp       ...  733  45*67 
•3  I  Reading  lamp,  with- 
al out  glass  cliimney  986  114*01 

Photogen      2002  — 

Solar  oil       26-82  — 

Petroleum     1506  — 

8-09  — 

According  to  Dr.  Frankland's  researches,  the  following  quantities  of  illuminating 
materials  exhibit  equal  illuminating  power : — 

Young's  paraffin  oil  from  Boghead  coal  4-53  litres. 

American  petroleum  (No.  I) 570     „ 

(No.  2) 5-88     „ 

Paraffin  candles       8*42  kilos. 

Spermaceti  candles io*37    n 

Wax  11-93     . 

Stearine  ,.         ...     • 12-50    „ 

Tallow  „        16-30    „ 


Paraffin  and  Solar  or  Petroleum  Oils. 

lOUs.  Paraffin  was  discovered  in  tlie  year  1830  by  Karl  von  Reichenbach 
among  the  products  of  the  dry  distillation  of  beech-wood  tar,  and  has  obtained  its 
name  from  parum,  little,  and  qffinis,  related  to,  on  account  of  its  incapability  of 
chemically  uniting  with  otlier  substances.  Paraffin  is  not  acted  upon  by  alkalies  or 
acids,  nor  is  it  decomposed  at  a  red-heat.  It  was  afterwards  found  that  paraffin  is 
also  formed  by  the  dry  distillation  of  peat,  brown  coal,  Boghead,  and  some  cannel 
coals,  but  not  by  tlie  dry  distillation  of  real  coal.  Paraffin  is  found  native  and  occurs 
in  large  quantities  in: — i.  Petroleum,  Rangoon  and  Persian,  which  sometimes  con- 
tains 6  to  40  per  cent.  2.  In  impure  state,  under  the  names  of  ozokerite,  neft-gil, 
or  mineral  wax.  3.  In  bitumen,  asphalte  as  contained  in  some  scliistose  rocks,  and 
as  met  with  at  Trinidad  and  elsewhere. 

xannfactnro  of  Paniffln.  The  modc  of  obtaining  this  substance  differs  according  to  its 
being  an  educt  or  a  product.  It  is  an  educt  as  obtained  from  petroleum,  ozokerit, 
neft-gil ;  but  a  product  of  the  dry  distillation  of  brown  coal,  peat,  and  the  Boghead 
Bhale. 
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«.v«««..  ^'  That  petroleum  contains  paraffin  was  kno^-n  in  the  year  1820^ 

when  A.  Bucliner  discovered  in  the  earth  oil  of  the  Tegemsee*  in  Upper  Bavaria,  a 
solid,  fatty  substance,  which  was  afterwards  ascertained  by  V.  Kobell  to  he  paraffin. 
Hence  Buchner  is  locally  considered  to  be  the  discoverer  of  pora^n :  while  later 
researches  have  proved  that  tiie  earth  oil  of  Baku,  on  the  Cas*pian  Sea ;  of  Aniiano, 
near  Parma ;  and  of  Gabian,  Herault,  France ;  contain  this  substance  to  greater  or 
less  extent.  The  idea  of  using  Uiese  oiU  for  the  industrial  preparation  of  paraffia 
dates  only  from  1S56,  when  some  samples  ol  petroleum  which  were  found  to  contaiJi 
a  large  quantity  of  paraffin  were  imported  into  Europe.  The  American  petroleums 
contain  only  a  verj^  small  quantity  of  paraffin;  but  in  those  derived  from  Burmah 
and  Rangoon,  Gregory,  Dc  la  Rue,  and  H.  Miilier  found  10  per  cent,  Bleekrodo 
investigated  a  sample  of  Java  petroleum  which  coutaincd  40  per  cent  of  paraffin. 
The  mountain  naphtha  of  Eastern  Galicia  is  with  great  advantage  employed  for  pre- 
paring paraffin.  According  to  Jacinsky,  45,000  cwts.  of  tliis  material  were  in  1S66 
obtained  from  this  naphtha. 

The  Rangoon  oil  obtained  from  Burmali  as  a  native  product  fiowiiig  from  springs 
in  tliC  neighbourhood  of  the  river  Irawadi  is.  according  to  De  la  Rue's  patent 
US54K  treated  in  tlie  following  manner  for  the  purpose  of  preparing  paraffin  and 
hydrocarbon  oils.  The  crude  oil  is  first  put  into  a  still,  which  can  be  heated  by  lire 
extenially  while  steam  is  admitted  internally.  By  tliis  operation  about  25  per  cent 
of  a  fluid  is  obtainedi  which  on  being  submitted  to  fractional  distillaticm  yields 
hydrocarbon,  the  sp.  gr.  of  which  varies  from  o  62  to  o  86»  while  the  boilingpoinl 
varies  from  267'^  to  aoo*'.  The  lightest  and  most  volatUe  of  these  Ijydrocarbona  is 
used  as  an  anesthetic,  under  the  name  of  Shcruood  oil,  wliile  the  heavier  oils 
are  burnt  in  pamfiin  lamps.  The  residue  of  tliis  first  distiUation — about  75  per  cent 
of  the  original  quauUty — is  again  distilled,  but  with  steam  at  150°  to  200" ;  and  the 
products  of  variable  volatihty  are  separately  collected.  The  last  portions  of  tlie  diii- 
tOlato  contain  cliiefly  paraffin,  which  is  iu  crude  state  separated  from  the  liquid 
by  the  application  of  artlJicial  cold.  The  heavy  oil  is  used  as  lubricating  oil,  and  the 
paraffin  is  purified  as  already  described. 

^*'*Sd'iSJiSS!*^**  I^fl^raffin  is  prepared  from  ozokerite  and  neft-gil,  on  tlio  island 
Swatoi-Oatrow,  in  the  Caspian  Sea,  about  a  verst  ( =  106678  metres)  from  the 
peninsula  Apscheron,  on  the  Caucasian  shore.  The  neftgil  is  carried  by  ships  from 
Truchmenift.  Paraffin  is  largely  manufactured  in  Galicia  from  tlie  minersl  wax 
wjiicli  occurs  near  Brohobicz  and  Borj&law,  also  on  the  northern  siopes  of  the  Car- 
pathian momi tains,  and  in  other  parts  of  the  Austrian  Empire.  The  chief  works  ore 
found  at  Aussigt  Florisdorf,  Ostrau»  Vienna,  New  Pestli,  Temisvar,  &c.  Mineral 
is  also  largely  found  in  Texas. 

Neft-gih  according  to  F.  Rossmassller,  ia  treated  in  the  following  manner: 
15  cwts*  of  the  crude  material  is  put  into  iron  stills  provided  witli  a  leaden  worm»and 
submitted  to  fractional  distillation,  yielding  68  per  cent  of  distillate,  consisting  of 
8  per  cent  of  oil  and  60  per  cent  of  crude  paraffin.  The  oil  tlius  obtmned  is  yellow, 
opalescent,  possesses  an  ethereal  odour,  and  a  sp.  gr,  of  075  to  o  81.  Each  distilla* 
tiou  yields  a  quantity  of  a  light  oil  boiling  bolow  100^,  which  is  used  for  tlie  purpose 
of  purifying  Uie  paraffio.  The  crude  paraffin  obtaintul  by  the  first  distillation  is 
tolerably  pure,  has  a  yellow  colour,  and  can  at  once  be  treated  by  the  hydraulic  press 
and  centrifugal  machine.  The  oil  from  these  operations  is  agnin  submitted  to 
fjrsctional  distillation  in  order  to  obtain  more  paraffin.      The  pressed  paraffin  ia 
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molten  and  treated  at  I'jo"  to  iSo""  with  sulphuric  acid,  wliich  is  next  neutralised  bj 
means  of  lime,  and  the  paraffin  again  rapidly  distilled ;  then  again  submitted 
to  strong  pressure,  and  the  material  obtained  treated  witli  25  per  cent  of  the  light 
oil;  then  again  molten,  again  pressed,  and  finally  treated  with  steam  for  the  purpose  of 
eliminating  the  last  traces  of  essential  oil.  The  material  obtained  by  this  treatment 
is  a  perfectly  pure,  colourless  material,  free  from  smell,  transparent,  and  so  hard  as 
to  exhibit  in  large  blocks  an  almost  metallic  sound.  The  fusion-point  is  63'' 
Kossmassler  states  that  the  raw  material  yielded  to  him  in  a  week's  time,  after 
a  previous  continued  distillation  of  two  months,  148^  cwts.  of  paraffin  ready 
for  second  pressure.  The  Galician  ozokerite  yields  by  distillation  only  24  per  cent  of 
paraffin,  and  45  per  cent  of  paraffin  oil,  also  termed  ozokerite  oil. 

Pwrnffln  from  Bitumen.  c.  Paraffin  is  made  in  England  from  bitumen,  asphalte,  mineral 
tar,  and  the  bituminous  organic  matter  present  in  certain  shales ;  among  these,  the 
so-called  Kimmeridge  clay,  Boghead  coal,  and  a  few  cannel  coals.  The  asphalte 
occurring  in  Trinidad,  Cuba,  Nicaragua,  Peru,  California,  and  other  countries,  is 
used  for  the  purpose  of  preparing  paraffin  and  paraffin  oils.  The  Cuba  and  Trinidad 
asphaltes  yield  175  per  cent  paraffin.  The  extensive  deposits  of  bituminous  shale  in 
Hungary  are  treated  for  paraffin  and  oil  at  Oravicza.  According  to  Wiinschmann,  the 
shale  yields  5  to  6  per  cent  of  paraffin,  49  per  cent  of  oil  suited  for  burning  in  lamps, 
and  6  per  cent  of  lubricating  oil. 

^'DJ^"Di.tu££'"°^^  The  preparation  of  paraffin  by  the  dry  distillation  of  peat, 
brown-coal,  coal-shale.  Boghead  coal,  &c.,  involves  two  operations: — i.  The  prepa- 
ration of  tar.  2.  The  application  of  the  latter  to  the  preparation  of  paraffin  oil 
and  paraffin.  The  coal-tar  of  the  gas-works  does  not  contain  paraffin,  but  naphtha- 
line and  anthracen. 

PrapAraUon  of  the  Tftr.  I.  This  Operation  is  one  of  the  most  important  and  difficult  of 
the  industry,  and  during  the  last  fifty  years  many  enterprises  undertaken  for  the 
application  of  fossil  fuel  to  the  preparation  of  illuminating  materials  have  failed 
solely  on  account  of  the  imperfect  preparation  of  the  tar.  The  making  of  tlie  tar  is 
carried  on  in  retorts  or  in  i)eculiarly  constructed  ovens,  tlie  distillation  being  in  many 
cases  assisted  by  the  application  of  superheated  steam.  The  principle  of  the  con- 
struction of  the  tar  oven  is  very  simple,  being  that  by  a  portion  of  fuel  burning  in  tlie 
lower  part  of  the  oven,  a  layer,  more  or  less  thick,  of  superincumbent  fuel,  is  sub- 
mitted to  a  slow  carbonisation,  resulting  in  the  production  of  tnr,  which  flows  down- 
wards, while  the  gaseous  products  are  lost.  In  order  to  prevent  its  violent  combus- 
tion, the  fuel  is  covered  with  a  layer  of  clay.  But  as  experience  has  shown  tliat  this 
mode  of  distillation  is  not  well  suited  for  the  production  of  tar  intended  to  yield 
paraffin  and  the  oils,  it  is  not  general  in  practice  on  the  large  scale,  although  it  has 
the  advantage  of  being  a  continuous  and  uninterrupted  process.  According  to 
report,  an  oven  constructed  by  L.  linger,  the  manager  of  a  paraffin  works  at  Doll- 
nitz,  near  Halle,  yields  suitable  products,  wliile  a  saving  is  effected  in  labour  as  well 
as  in  the  quantity  of  fuel  required  for  the  distillation. 

Horizontal  retorts  are  frequently  used  for  the  preparation  of  tar,  but  experience 
has  taught  that  if  in  the  construction  of  the  funiaces  containing  tlie  retorts  the 
arrangement  is  similar  to  that  of  a  gas-works  where  four  to  eight  retorts  are  worked 
in  one  furnace,  no  satisfactory  results  can  be  obtained,  one  of  the  reasons  being  that 
the  principles  of  gas-  and  of  tar -making  are  entirely  opposed.  It  appears  to  be 
necessary  to  construct  a  furnace  for  every  retort,  and  that  the  furnace  should  be 
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of  such  dimensions  as  to  bo  suited  to  bold  a  retort  lo  feet  long.  30  incboa  wide,  B3iAi 
15  inches  high,  forming  in  section  a  shallow  oval.     More  recently  there  have  been  ' 
built  in  Bohemia  and  elsewhere  brickwork  retorts,  shaped  somewhat  Hke  a  bttker's 
oven.    These  seem  to  answer  well,  but  are  difficult  to  repair  although  of  small  first 
cost.    Vohl  observed  that  a  quantity  of  20  to  25  per  cent  of  water  present  in  the 
fossil  material  very  greatly  assists  the  formation  and  increases  the  yield  of  tar, 
owing  to   Ihe  superlieated  frteam  formed  from   the   water  daring  the  distillation 
carrying  ofl  the  vapours  of  tlie  tar  rapidly  from  the  hot  retort.     This  has  given  rise 
to  the  construction  of  Lavender  s  tar-productng  apparatus,  Uie  principle  of  which  is 
tlie  same  as  that  of  Violetti's  wood-charring  apparatus  used  for  tlie  preparation  of 
the  charcoal  in  gunpowder  manufacture.     Lavender's  apparatus  consists  of  on  iron  ■' 
cylinder  provided  with  lioles  at  the  buttom  for  the  purpose  of  admitting  superheated 
gteam,  while  to  the  top  of  the  cylinder  a  tube  is  fitted  for  cany^ng  off  the  products  < 
the  distillation.     It  would  appear  that  Jj*  llamdohr's  method  of  prejiaring  tar  firon 
brown-coal  by  means  of  steam  yields  a  tar  which  contains  22  to  24  per  cent  of 
paraffin  and  36  to  38  per  cent  of  oiL 

vlSSSrS'thJTw!       '^^*^  condensation  of  tlie  products  of  the  dry  distillation  is  one  of 
the  most  important  operations,  and  greatly  influences  the  yield  of  tar.     Vohl 
lately  proved  that  even  when  the  construction  of  the  retorts  is  not  of  the  best, 
average  yield  of  tar  may  be  obtained  by  attention  to  the  condensation  of  the  vapoa 
The  complete  condenstitiou  of  the  vapours  of  the  tar  is  one  of  the  most  diificu 
probli/ms  the  paraffin  and  mineral  oil  manufacturer  has  to  deal  with,  wliile  the  means 
usually  adopted  for  condensation,  such  as  large  condoosing  surfaces,  injection  of  cold 
water,  and  the  like,  have  proved  ineffectual.    It  has  often  been  attempted  to  condense 
the  vapours  of  tar  in  the  same  manner  as  those  of  alcohol,  but  there  exist  cssentii 
differences  between  the  distillation  of  fluids  and  dry  distillation.     In  the  former  i 
the  vapours  soon  expel  all  the  air  completely  from  the  still  and  from  tlie  condenserj 
and  provided,  therefore,  that — in  reference  to  the  size  of  the  stiU  and  balk  of  tliM 
boiling  litptid^the  latter  be  large  and  cool  enough,  every  particle  of  vapour  must 
come  into  contact  with  the  condensing  surfaces.    In  the  process  of  dry  distillatioiij 
the  case  is  entirely  different,  because  with  the  vapours,  say  of  tar,  permanent  ga 
are  always  generated*     On  coming  into  contact  with  tlie  condensing  surfaees, 
portion  of  the  vapours  are  lirpielied,  leaving  a  laj^er  of  gas  as  a  coating,  as  it  wcwfl 
on  the  condensing  surface.     The  gas  being  a  bad  conductor  of  beat,  prevents  to  such 
an  extent  the  furtlier  action  of  the  condensing  apparatus,  that  a  large  proportion  of. 
the  vapours  are  carried  on  and  may  be  altogether  lost.    A  sufficient  condensation  i 
the  vapours  of  tar  can  be  obtjiined  only  by  bringing  all  die  |>articles  of  matter  which  ' 
are  carried  off  from  the  retorts  inlo  contact  with  the  condensing  surface,  which  need 
neither  be  very  large  nor  exceedingly  cold,  because  the  Intent  beat  of  tlie  vapou 
i>f  Uir  is  small,  and  consequently  a  moderately  low  temperature  will  be  sufficient  tol 
condense  tliese  vapours  to  the  liquid  state.     The  mixture  of  gases  and  vapours  may 
be  compared  to  an  emulsion,  such  as  milk,  and  as  the  particles  of  butter  may  be 
separated  from  milk  by  churning,  so  the  separation  of  tJie  vajjours  of  tar  from  the 
gases  can  bo  greatly  assisted  by  the  use  of  exhausters  acting  in  the  manner  of 
blowing  fiins.     It  is  of  the  utmost  importance  in  condensing  the  vapotirs  of  tar  ihiit 
the  molecules  of  the  vapours  be  kept  in  continuous  motion,  and  thus  made  to  teach 
the  sides  of  the  condenser.     The  condenser  should  not  bo  constructed  84>  Uiat  the 
vapours  and  gases  can  flow  uninterruptedly  in  one  and  the  same  direction.    The 
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temperature  at  which  the  distillation  is  conducted  greatly  influences  the  yield  of  tar, 
and  consequently  of  the  paraffin  and  oil.  As  regards  the  influence  of  the  shape  of 
the  retorts  and  mode  of  distillation,  H.  Vohl  made  the  undermentioned  comparative 
researches  by  distilling  French  and  Scotch  peat  in  horizontal  retorts  (No.  I.j,  in 
vertical  retorts  (No.  II.),  and  in  ovens  somewhat  like  coke-ovens  (No.  III.) 
100  parts  of  peat  yield  of  tar, — 

I.  u.  m. 

French  peat 559  467  269 

Scotch  peat   908  639  416 

The  sp.  gr,  of  the  tar  from  the  difierent  kinds  of  apparatus  was  as  follows : — 

I.  n.  m. 

French  peat 0920  0970  1006 

Scotch  peat o'935  0970  -037 

It  appears  from  tliese  results  that  horizontal  retorts  yield  the  largest,  and  ovens 
the  smallest,  quantity  of  tar ;  moreover,  the  duration  of  the  operation  of  distilling  is 
shortest  in  horizontal  retorts,  which  also  yield  less  gas,  while  in  the  ovens  both  tar 
and  coke  are  burnt  away  to  a  considerable  extent  by  the  too  great  supply  of  oxygen. 
Properties  of  tm.  The  tar  obtained  from  the  retorts  in  distilling  peat,  brown-coal, 
lignite,  bituminous  shales.  Boghead  coal,  &c.,  at  as  low  a  temperature  as  possible, 
and  hardly  higher  than  dull  red-heat  even  towards  the  end  of  the  operation,  exhibits 
a  coffee-brown  colour,  generally  an  alkaline,  in  some  instances  an  acid,  reaction,  and 
possesses  the  very  penetrating  odour  characteristic  of  tar.  By  exposure  to  air  the 
colour  of  tlie  tar  becomes  deeper,  and  sometimes  even  brownish-black.  This  tar 
often  semi-solidifies  at  a  temperature  of  9°  to  &",  owing  to  the  paraffin  it  contains. 
The  8p.  gr.  varies  from  085  to  093,  and  consequently  tlie  tar  floats  on  water.  The 
so-called  steam-tar,  obtained  by  the  aid  of  superheated  steam  from  brown-coal 
(according  to  Ramdohr's  plan,  1869)  always  has  an  acid  reaction,  and  is  completely 
saponified  by  alkalies ;  tliis  tar  becomes  solid  at  a  temperature  of  55°  to  60'',  and  can 
therefore  be  preserved  in  solid  blocks  in  summer  time.    Its  sp.  gr.  is  0'875. 

As  regards  the  quantity  of  tar  obtained  from  100  parts  of  raw  material,  the  fol- 
lowing results  are  most  general : — 
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water»  which  is  cfiected  by  pumping  the  t^ir  into  tlie  tieliydrating  apparatus.  The 
apparatus  consist  of  taulvs  of  boiler-phite,  placed  witliin  a  larger  tank,  so  tlmt  a  ) 
of  10  centima.  intervenes,  into  which  water  is  poured  and  maintained  by  mean«  of 
Bteam  at  a  temperature  of  60''  to  80"  for  ten  hours.  After  this  time  the  aramomacttl 
water  iind  otlier  impurities,  together  about  one-tliird  of  tlie  bulk  of  the  crude  tar. 
have  become  separated,  while  the  small  quantity  of  water  still  adliering  to  the  tar  Ls 
of  no  consequence  iu  tlie  further  operations.  The  tar  ia  decanted  by  opening  a  stop- 
cock or  Vftlve  placed  near  the  top  of  the  tank,  and  t!ie  ammoniacal  water  is  remoTod 
by  opening  a  stop-cock  at  the  Iwttom. 

SiieciJlcoUy  light  tars  are  of  course  readily  separated  from  the  water,  while  heavy 
tars  are  more  ditHcult  to  deal  with.  If  to  the  ammoniacal  water  of  such  tars  salts 
are  added,  for  instance^  common  salt,  Glauber  salt,  cliloride  of  calcium,  and  the  like, 
the  specific  gravity  of  tlie  water  is  increased,  and  the  heavy  tar  more  readily  sepa> 
rated ;  but  according  to  Dullo  these  means  are  either  too  expensive  or  do  not  quite 
answer  the  purpose.  The  complete  separation  of  tlie  tar  fiom  tlie  water  is  of  the 
greatest  importance,  because  in  the  subsequent  distillation  the  presence  of  wat^r  may 
cause  the  tar  to  boil  over  and  give  rise  to  serious  accidents  by  coming  in  contact 
with  the  fire  under  the  stills, 

DutmnUoq  oi  tiio  Tar.  Tliis  Operation  is  usually  carried  on  in  cast-iron  stills  large 
enough  to  hold  20  cwts.  of  tar.  In  order  to  prevent  the  fiauio  impinging  on  llie 
bottom  of  the  still,  it  is  protected  by  a  fire-brick  arch.  The  still  is  usually  built  itt 
two  separate  parts,  which  arc  joined  witli  a  Jlauge  and  bolts,  so  Oiat  if  the  lower  part 
is  burnt  out,  only  that  requires  to  be  renewed. 

The  helms  of  these  stills  are  rather  tlat  and  the  spout  very  wide.  The  vapours  of 
the  various  oils  have  a  high  density  and  low  latent  heat,  so  that  these  vapours  have 
a  tendency  to  coodense  readily  and  flow  back  into  the  slill ;  therefore  tlie  helm  is 
covered  with  sand  or  ash,  being  bad  conductors  i*f  bent.  When  the  tur  is  tlioroughly 
dehydrated^  the  distillation  pn^ceeds  quietly  and  wittioutebullitiou  ;  but  if  any  water 
bo  mixed  with  or  adheres  to  the  tar,  the  liquid  in  the  still  boLLs  violently  and  is  very 
apt  to  boil  over.  At  below  100^  tlie  tar  loses  the  very  volatile  sulphide  of  ammonium 
End  the  pyrrhol  bases,  while  gases  arc  evolved  which  ought  to  i^e  allowed  to  escape 
by  a  safety-valve.    The  true  distillation  begins  at  ido\  yielding  at  first  a  difftilliitir 
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consisting  of  very  strong  ammoniacal  liquor  and  some  light  oils.  The  boiling-point 
of  the  tar  is  not  constant,  the  oil  coming  over  uninterruptedly  when  the  temperature 
has  risen  to  above  200'' ;  then  the  boiling-point  becomes  somewhat  constant,  while 
with  the  oil  some  water  comes  over,  due  to  the  chemically-combined  water  of  the 
carbolic  acid  being  set  free.  The  distillation  tlien  again  becomes  somewhat  inter- 
rupted, and  can  be  maintained  only  by  stronger  firing  of  tlie  retort.  The  oils  now 
distilling  over  become  solid  on  cooling,  owing  to  the  large  proportion  of  paraffin  they 
contain.  The  distillation  is  continued  to  dryness,  the  asphalte  left  in  the  still  being 
removed  after  about  four  or  five  operations,  and  for  this  purpose  the  still  is  some- 
what cooled  and  the  molten  asphalte  run  ofi"  by  a  tap  at  the  bottom  of  the  still.  If 
tlie  distillation  is  carried  to  drj-ness,  some  water  finally  distils  over,  due  to  the 
decomposition  of  the  organic  matter.  A  still  of  500  litres  capacity  can  be  distilled 
oflf  in  twelve  to  fourteen  hours,  if  the  operation  is  pushed  so  far  as  to  decompose 
the  asphalte,  leaving  only  a  carbonaceous  residue  ;  but  if  the  asphalte  is  to  be  col- 
lected, the  distillation  must  be  stopped  after  eight  to  ten  hours.  The  still  is  sepa- 
rated from  the  condensing  apparatus  by  a  massive  wall,  through  which  the  spout  of 
the  helm  is  passed  into  the  leaden  worm  serving  as  a  condenser,  and  kept  cool  by 
being  placed  in  a  wooden  tank  filled  with  cold  water.  But  as  soon  as  the^  paraffin 
magma  begins  to  come  over  the  water  is  allowed  to  become  warm,  in  order  to 
prevent  the  paraffin  solidifying  in  the  worm.  The  gases  which  are  evolved  towards 
the  end  of  the  distillation  are  carried  off  by  a  pipe  communicating  with  the  chimney. 

Treatment^ofthj^producta  ^hc  mixcd  products  or  Hiw  oils  obtained  by  the  distillation 
are  poured  into  a  large  cast-iron  cylinder  and  mixed  with  a  solution  of  caustic  soda 
80  as  to  cause  the  latter  to  act  upon,  and  intimately  combine  with,  tlie  acid  sub- 
stances (homologues  of  carbolic  acid) — simply  termed  creosote  in  the  works — and 
pyroligneous  acid — which  impart  an  offensive  odour  and  dark  colour  to  the  oils. 
When  the  mixture  of  the  oils  and  caustic  soda  solution  has  been  effected,  the  fluid  is 
run  into  an  iron  tank  and  allowed  to  settle ;  the  creosote- soda  is  then  removed,  and 
the  oil  washed  with  water  to  eliminate  any  adhering  alkali.  The  crude  oil  is  next 
similarly  treated  with  sulphuric  acid  for  the  purpose  of  removing  basic  substances, 
which  impart  odour  and  colour.  The  quantity  of  acid  to  be  used  and  the  duration 
of  its  action,  aided  sometimes  by  heat,  depend  upon  the  nature  of  the  crude  oil — 
5  per  cent  of  acid  of  170  sp.  gr.  and  five  minutes  action  are  sometimes  sufficient, 
while  in  other  cases  25  per  cent  of  acid  will  be  required,  and  tliree  hours'  contact 
with  the  oil.  The  action  of  the  sulphuric  acid  should  be  carefully  watched,  as  it  may 
injure  the  quality  of  the  oil  by  decomposing  some  of  the  lighter  hydrocarbons,  whereby 
sulphurous  acid  is  given  off.  The  mixture  of  acid  and  oil  is  allowed  to  settle; 
the  former  is  run  off,  an<l  the  latter  washed  first  with  water  then  with  very  dilute 
soda  ley,  and  is  finally  poured  into  the  rectifying  stills.  The  solution  of  creosote-soda 
is  neutralised  with  the  sulphuric  acid  from  the  preceding  operation,  the  result  being 
that  crude  carbolic  acid  is  obtained,  which  is  used  for  various  purposes ;  such  as 
impregnating  wooden  railway  sleepers,  as  a  disinfecting  material,  or  for  preparing 
certain  tar-colours  (see  p.  580).  More  recently  the  creosote-soda  has  been  used  for 
gas  manufacture,  leaving  a  coke  containing  soda,  the  soda  being  abstracted  by 
lixiviation  with  water. 

^**SSiooul'  *^'  T^^^3  operation  is  conducted  precisely  as  the  distillation  of  the  tar. 
The  oils  are  separated  according  to  their  greater  or  less  volatility  and  Bpecific 
45 


590 


CHEMICAL  TECHNOLOGY. 


{j'ravity,  or  are  kept  mixed,  as  paraffin  oil,  at  a  Ep,  gr.  of  o  835,  and  1 
maiket.  When  the  oil  which  comes  over  begins  to  solidify  on  cooHng  or  exliibits  a 
6p.  gr.  of  0'88  to  o-g,  it  is  separately  collected  and  pinced  in  a  cool  situation  for  the 
purposo  of  crystallifcdng  the  paraffin.  The  vessels  iii  which  tlie  paraffim  niascma 
is  placed  for  tlie  purpose  of  solidifying  are  rectangular  iron  tanks,  fitted  with  a  ta|i. 
or  are  conical,  sugar-loaf  shaped  vessels,  made  of  iron  or  wood,  and  from  16  to  a 
metres  high,  and  i  metre  wide  at  tlio  top,  heing  provided  with  a  tap  for  the  purpose 
of  removing  tlie  oUy  matter  which  has  not  solidllird  after  the  lapse  of  about  twa 
to  four  weeks.  This  thick  oil  is  next  cooled  to  far  below  the  freezing-point  of  waf«r, 
in  order  to  obttiLn  more  paraffin  and  otlier  hydrocarbons  mixed  witli  it.  Any 
still  non-aoliditied  matter  is,  when  it  lias  a  low  specitic  gravity,  again  relined  by  dis- 
tillation, and  will  yield  paraffin  oil :  but  if  its  sp,  gr,  is  high — say  from  0-925  to  0940— 
it  is  used  as  a  lubricating  oil,  known  abroad  as  Belgian  waggon  grease. 

Reflaixis^^oje^cmdo  xho  crudo  paraffin  is  in  England  sold  to  the  refmers.  who  are 
also  paraJEa-cnndle  makers ;  but  on  tlie  Continent  every  manufacturer  of  crude 
paraffin  refines  his  producst  and  converts  it  into  candles.  The  crude  paroflin,  so- 
called  paraffin  butter,  m  treated  in  various  ways :  some  manufacturers  cr^'stallise  it 
by  the  mtl  of  cold,  and  press  it  for  the  purpose  of  removing  any  oil ;  otJiers  again 
lirst  treat  the  crude  material  witli  causUo  alkali  ley,  next  with  sulphuric  acid. 
and  tlien  again  distil  it  or  Il-hvo  it  to  crystallise.  The  caustic  soda  ley  rcmorr^s 
from  the  piu-affin  all  the  acid  substances  and  other  impurities  it  may  contain.  The 
partly  purilled  paraffin  is  now  treated  with  6  to  10  per  cent  of  sulphuric  acid, 
whereby  alkaline  and  resinous  matters  are  removed.  The  loss  in  bulk  of  the  rrad«* 
material  by  these  operations  amounts  to  about  5  per  cent.  The  purified  paraffin  is 
next  allowed  to  remain  in  a  verj'  cool  place  for  some  three  or  four  weeks;  after 
wliich  the  nearly  solid  mass  is  filtered,  then  submitted  to  the  action  of  centrifugn] 
macliines,  and  tinally  strongly  pressed.  The  oil  which  is  separated  from  the 
paraffin  is  again  distilled,  yielding  paraffin  oil  and  paraffin  butter.  The  solid  paraffin 
is  molteni  cast  into  blocks,  and  these  submitted  to  very  powerful  hydranhc  preisure. 
The  pressed  cake  is  next  treated  at  iSo"  with  10  per  cent  of  sulphuric  acid  for  two 
hours,  then  washed  with  hot  water,  again  cast  into  blocks,  again  pressed,  and 
then  washed  with  a  solution  of  caustic  soda.  Instead  of  treating  the  paraffin  with 
active  agents,  it  has  been  proposed  to  use  neutral  solvents  for  the  reniovaJ  of  the 
oily  materials ;  for  this  purpose,  benzol,  light  lar  oils,  benzoline,  and  sulphide 
of  carbon,  have  been  employed  in  the  follo>\^ng  manner: — The  crude  paraffin 
LB  first  hot'pressed,  and  the  pressed  mass  fused  with  5  to  6  per  cent  of  the  solvent  : 
having  been  a^ain  cast  into  blocks,  tliese  are  pressed,  and  the  operation  repeated  if 
necessary.  The  paraffin  having  thus  been  made  quite  while  and  pure,  is  o^in  fused 
and  treated  with  high-pressure  steam,  forced  into  tiie  nudten  mass  for  the  purpose  of 
volatiUsing  the  last  traces  of  the  solvents.  The  sulphide  of  carbon,  first  employed  _ 
by  Alcan  US5S)  for  refining  paraflm,  is  used  in  the  following  manner; — The  paraffi|^H 
is  incited  at  the  lowest  possible  temperature^  then  well  mixed  with  10  to  15  per  ccmPV 
of  sulphide  of  carbon,  after  which  the  cooled  and  BoHdified  mass  is  strongly  pressed, 
the  expressed  fluid  being  submitted  to  dislillation  for  the  purpose  of  recovering  the 
stdpliido  of  carbon.  The  paraffin  is  next  fused  and  kept  in  liquid  state  for  ^ome 
tim*?  for  the  purpose  of  eUminating  the  atUiering  sulphide  of  carbon. 

p^p^iV^K^a?       Instead  of  following  the  preceding  nietiiod  with  the  cruda  t«r, 
Hiibuor  treats  it  first  wit]i  sulphuric  acid^  and  next  distils  the  tax.  separated  from  tho 
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acid,  over  quick-lime.  The  crude  paraffin  obtained  is  pressed,  and  then  further 
refined  by  treating  it  with  colourless  brown-coal  tar  oil.  The  advantages  of  this 
method — ^by  which  one  distillation  is  saved — are : — 

a.  A  larger  yield  of  paraffin. 

p.  A  material  of  better  quality  and  greater  hardness  than  by  the  usual  method. 
With  the  paraffin  the  so-called  paraffin  oils  are  obtained;  but  this  industry 
has  been  greatly  crippled  by  the  extensive  importation  of  paraffin  oils  (really 
petroleum  oils)  from  America,  so  that  the  aim  of  the  paraffin  makers  is  to  increase 
the  yield  of  paraffin.  By  Hubner's  method  of  distillation  over  quick-lime, 
40  to  50  per  cent  of  impurities  (chiefly  empyreumatic  resins  and  creosote)  are 
removed,  which  by  the  old  process  are  only  got  rid  of  at  greater  expense  by  the  use 
of  caustic  soda. 

Tieidof  Paraffin.  As  regards  the  yield  of  paraffin,  paraffin  oil,  and  lubncating  oil,  from 
the  various  kinds  of  raw  materials,  we  quote  the  following  particulars.  At  the  Ber- 
nuthsfeld  works,  near  Aurich,  the  excellent  peat  yields  6  to  8  per  cent  of  tar ; 
20  per  cent  of  paraffin  oil,  of  sp.  gr,  ^  0*830 ;  and  075  per  cent  of  paraffin.  H.  Vohl 
obtained  from  100  parts  of  peat- tar  from  the  peat  of  undermentioned  localities : — 

Paraffin  Oil.         Lubricating  Oil.        Paraffin 


Sp 

gr.,  0*820. 

Sp.  gr.,  o'86o. 

x^artiixi 

CeUe  (Hanover)         ...     . 

3460 

36*00 

801 

Coburg       

20*62 

2657 

312 

Damme  (Westphalia) 

19-45 

19-54 

3-31 

Zurich  (Switzerland) 

14-40 

8*66 

042 

Russia        

20-39 

20-39 

3-36 

Westphalia        

ii-oo 

19-48 

2-25 

Brown-Coal.  In  the  works  situated  in  the  Weissenfcls  brown-coal  mineral  district, 
I  ton  ( =  275  to  300  lbs.)  of  the  mineral  yields  35  to  50  lbs.  of  tar.  100  lbs.  of  this 
tar  yield  8  to  10  lbs.  of  hard  paraffin  suited  for  candle-making,  and  further  8  to  10 
lbs.  of  soft  paraffin  for  use  in  stearine- candle  making,  as  well  as  43  lbs.  of  paraffin 
oil.  Hubner's  works  at  Rehmsdorf,  near  Zeitz,  yield  annually  from  360,000  cwts. 
of  brown-coal  about  40,000  cwts.  of  tar,  yielding  18.000  cwts.  of  crude  oil, 
4000  cwts.  of  refined  paraffin  oil,  and  6000  cwts.  of  paraffin. 

TOO  parts  of  retort-tar  (in  contradistinction  to  steam-tar)  from  brown-coal  yield : — 


Brown-coal  from — 

Paraffin  oil. 

Lubricating  oil. 

Paraffin. 

Sp.  gr.,  0-820. 

Sp.gr.,  o-86o. 

Aschersleben,  Prussia 

33-50 

40-00 

3-3' 

Frankenhausen    , 

33-41 

4006 

67 

Miinden                „        

17*50 

2621 

50 

Oldisleben 
Cassel 

1772 
16*42 

2660 
27-14 

4-4 
4-2 

Analysed  by 
"    Vohl. 

Der  Rhon,  Bavaria       

1062 

19-37 

I'2 

TiUeda,                    Prussia  ... 

1666 

1805 

44 

Stockheim,  near  Diiren  „     ... 

17-50 

2663 

3-2 

Bensberg, near  Cologne   „     ... 

1636 

19-53 

3-4^ 

Tscheitch,  Austro-Hungary ... 

9*04 

2886 

3-2' 

Eger 

9*14 

54-00 

5-2 

Analysed  by 

Herwitz            „ 

22-00 

48-32 

5*2 

C.  MuUei-. 

Schobritz 

21-68 

4633  . 

4-3/ 
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Komdohr  obtained  (1869)  from  steam-tar  from  bromi-ctml  on  on  ayera^e— 
«  to  .4  per  cent  rnraffin  {  ^  ,^5  pcr  cent  fusiug  at  56^  to  58=  j  ^^^ 
36  to  ^S  per  cent  of  oil. 

With  Oftreful  raanagement  stettm-tor  may  yield  2S  to  30  per  cent  paxaifin. 

The  quotatioita  of  the  yield  from  cannel  and  Boghead  coals  vary  very  mueli. 
100  parts  of  tar  from  bituminoas  shale  were  found  to  yield  : — 

Mineral  oil.    Labricating  oil. 

English  bituminous  shale 

Bituminous  shale  from  llomerickberg,  Prussia 
,,  „  Weslplialia  ,» 

„  Oedingen  on  the  Rhine  », 

According  to  Miillcr  (18671,  ^^*^  parts  of  Galici an  mineral  wax  'ozokerite)  yield 
24  per  cent  of  i)araffin  and  40  per  cent  of  oil* 

fropertiM  d  PaTsffin,  Pure  paraffin  is  a  wlnte,  wax  like*  tasteless,  and  inodorous  sub- 
stance,  with  a  sUghtl}^  fatty  appearance.  Its  sp.  gr, is 0377.  It  is  harder  than  tallow, 
but  softer  tlian  wax.  Its  properties  vaiy,  however,  according  to  the  raw  materials 
fiom  which  it  has  been  obtained.  Paraffin  from  Boghead  coal  has  been  obttiined. 
after  multing^  in  a  very  crystalline  state,  and  with  a  fusion-point  at  45  5° ;  while, 
again»  it  )jns  been  obtained  granular  as  bleached  wax,  with  a  fusion-point  of  52^ 
Paraffin  from  llaugoun  oil  was  found  to  fuse  at  61",  and  that  from  peat  at  467'.  The 
paraffin  from  the  tar  of  Saxony  brown-cools  fuses  at  56',  and  the  oil  paraffin  at  45''. 
The  native  paniffiu  from  ozokerite  fuses  at  65  5",  Tiie  composition  of  the  variouSj 
kinds  of  paraffin  is: — 


24-38 

40-00 

oiz 

2568 

4300 

on 

2750 

1367 

1*11 

1833 

38'33 

500 

.  *                  From  Saxony 
Brown-coal, 

From 
Ozokerite. 

From  Boghead 
minerah 

From  Peat. 

FroiD 

Petrol  eam. 

i=0f^n    ...     8502 

85-26 

8500 

8495-85-23 

8515 

tfy^xo^en  -     i(^g8 

1474 

15-36 

1505 — 15*16 

15-29 

From  these  figures  tlie  conclusion  may  be  drawn,  contrary  to  the  view  generally 
a<iopted,  accoriling  to  which  all  varieties  of  paraffin  shoald  he  mixtures  of  hydro- 
carbons constituted  as  C„Hn  (wliether  the  paraffin  be  obtained  from  brown-cool,  peal, 
ozokerite,  or  petroleum),  iJmt  paraffin  is  a  mixture  of  hydrocarbons  homologous  with 
marsh-gas,  many  of  which  contain  no  less  than  C37,  Paraffin  is  insoluble  in  water, 
but  soluble  to  some  extent  in  boiling  alcohol ;  100  parts,  however,  dissolve  when 
boiling  only  3  parts  of  paraffin.  Paraffin  is  soluble  in  ether,  oil  of  turpentine,  oil  i>( 
ulives,  benzol,  chloroform,  and  sulphide  of  carbon.  Paraffin  boils  above  300% 
and  may  be  distilkd  without  undergoing  any  alteration.  Acids,  lUkalies.  and 
chlorine  do  not  at  all  act  upon  paraffin  at  the  ordinary"  temperature ;  but  when 
chlorine  is  caused  to  pass  into  molten  paraffin,  hydrochloric  acid  is  evolved  and 
chlorinated  products  formed.  Paraffin  may  be  fused  with  stearine,  paliDitine, 
and  resins  in  all  proportions.  Paraffin  is  used  for  maKing  candies  (see  p.  6301,  bul 
nag  been  employed  now  and  then  as  a  lubricating  material;  also  for  pre8er%'i 
timber;  for  rendering  wine  and  beer  casks  water*tight ;  for  the  purpose  of  preventi 
tlie  foaming  and  boiling  over  of  the  sugar  solutions  in  tlie  vacuum  pans  at 
beginning  of  the  ebullition,  It  has  been  suggested  to  use  parafiin  for  preservinU 
meet ;  for  waterproofing  fabrics  (Dr.  Stenhouse's  process ) ;  for  use  instead  of  wax 
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for  waxing  paper  (employed  in  pharmacy  under  the  name  of  charta  cerata) ;  instead 
of  stearic  acid  for  soaking  plaster-of-Paris  ohjects.  Final!}'',  paraffin  is  used  in  the 
manufacture  of  the  better  varieties  of  matches,  as  a  waterproof  varnish  for  coating 
the  phosphorus  composition ;  and  in  chemical  laboratories  to  replace  oil  in  the  oil- 
baths. 

Pazmffln  oa  As  already  mentioned,  the  dry  distillation  of  Boghead  mineral,  brown- 
coal,  peat,  and  bituminous  shales,  yields  tar,  the  quantity  of  which  varies  according 
to  the  nature  of  the  raw  material  and  other  conditions,  mode  of  distillation,  degree 
of  heat,  &c.  As  regards  the  nature  of  tar  we  cannot  say  that  it  is  fully  elucidated. 
Until  the  year  1830,  tar  was  considered  to  be  simply  a  solution  of  empyreumatic 
resins,  rich  in  carbon,  in  empyreumatic  oil  or  oils,  the  nature  of  these  substances 
being  left  undecided.  The  late  Baron  von  Beichenbach  was  the  first  who  seriously 
investigated  the  nature  of  tar,  and  the  result  was  tlie  discovery  of  paraffin  and 
of  eupion,  a  very  volatile  liquid,  highly  inflammable,  and  found  to  boil  at  47°  to  169°, 
consequently  a  mixture  of  various  substances.  Notwithstanding  the  high  merits  of 
Reichenbach's  researches,  the  constitution  of  tar  was  not  fully  elucidated.  In 
an  industrial  point  of  view  tar  has  many  important  applications,  especially  for  the 
preparation  of  illuminating  materials ;  for  by  a  rectifying  and  fractioned  distillation, 
tar  yields  paraffin  and  paraffin  oils,  when  the  heavy  oils  and  acids  have  been 
previously  separated.  Paraffin  oils — ^met  with  in  the  trade  under  various  names, 
such  as  solar  oil,  photogen  oil,  ligroine  oil,  &c. — are  very  similar  to  petroleum  oils, 
and  consist  hke  Uiem  of  carbon  and  hydrogen,  and  are,  when  thoroughly  rectified, 
almost  colourless  and  free  from  smell. 

The  mineral  oils  now  met  with  in  commerce  are  distinguished  as: — Photogen, 
prepared  in  Saxony,  and  consisting  of  a  mixture  of  oils  boiling  between  100°  and 
300^  It  is  a  colourless,  very  mobile  fluid,  exhibiting  a  characteristic  ethereal  smell, 
and  a  sp.  gr.  of  0800  to  o'Sio ;  but  the  sp.  gr.  of  its  constituent  oils  varies  from  076  to 
o*86.  Formerly  there  were  met  with  in  the  trade  light  photogens  of  a  sp.  gr.  of  078, 
consisting  chiefly  of  a  so-called  essence,  of  072  sp.  gr.  and  boiling  below  60**;  but  this 
oil  was  found  to  be  too  inflammable,  and  is  now  used  as  bcnzoline  (also  kno'v^'n  as 
naphtha,  ligroine,  Canada  oil,  &c.)  in  the  sponge-lamps,  and  for  other  purposes. 
Solar  oil,  or  German  petroleum,  is  a  colourless  or  faintly  yellow-coloured  fluid  of 
about  the  same  consistency  as  colza  oil,  and  of  a  sp.  gr.  of  0830  to  083 2.  The 
boiling-point  lies  between  255°  and  350°;  cooled  to  —10*'  it  should  not  deposit 
paraffin,  while  its  vapour  is  not  inflammable  below  IOo^  Pyrogen  is  a  kind  of 
paraffin  oil  invented  by  Breitenlohner  and  prepared  from  residues  of  crude  oils  which 
contain  carbolic  acid,  paraffin,  and  other  substances,  and  exhibit  a  sp.  gr.  of  0*895 
to  0*945  J  these  materials,  which  accumulate  in  tar- works,  are  converted  into  pyrogen 
by  a  process  presently  to  be  described,  yielding  a  light  straw-yellow  oil  of  0*825  ^ 
0*845  sp.  gr.  Engine-oil,  or  lubricating  oil,  also  known  as  Vulcan  oil,  is  a  thickly 
fluid  oil  imported  in  large  quantities  from  the  United  States,  and  which  deposits, 
when  submitted  to  cold,  a  large  quantity  of  crj'stals  of  paraffin.  This  oil  is  obtained 
largely  in  the  paraffin  oil  and  petroleum -refining  works.  According  to  A.  Ott'a 
account,  the  American  lubricating  oil  is  not  obtained  by  distillation,  but  simply  by 
defecatiAg  a  specifically  heavy  native  petroleum  with  charcoal  so  as  to  eliminate 
the  colour.  This  lubricating  oil  is  sometimes  mixed  with  a  certain  percentage  of 
vegetable  or  animal  fats.  The  oil  is  largely  used  for  lubricating  cotton-spinning 
machinery,  but  notwithstanding  its  extensive  employment,  the  production  far  exceedf 
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tlxe  consumption  ;  it  should  be  as  rauch  as  possible  re*converted  into  paraflSn  oil  and 
p,rrugen.  In  America  and  on  tlie  Continent  a  large  quantity  is  employed  for 
making  gaa. 

iTi.p*r*tion  oi  mnttniosL  Tb©  manufacture  of  Hiese  oils  is  a  collateral  industry  with  Uie 
manufacture  of  paraffin^  The  products  of  the  distillation  of  Ur  arc  first  treated  with 
a  solution  of  caustic  soda.  Tliis  operation  aims  at  tlie  removal  of  carbolic  and  acetic 
ipyroligneous)  acid  compounds,  which  impart  to  tJje  oil  a  disagreeable  odour  anil 
dark  colour.  The  quantity  of  soda  to  be  used  may  vary  from  5  to  6  or  even  20  per 
cent,  and  the  operation  requires,  in  some  instances,  the  aid  of  heat  for  about  two 
hours,  while  in  others^  again,  tlie  end  is  attained  in  two  minutes  and  at  the  ordinary 
temperature  of  tlio  atmosphere.  The  mixture  of  soda  ley  and  other  substances  is  Ibeu 
nm  into  a  large  tank  for  the  purpose  of  depositing  ihe  soda  lej*  and  c«>mbi]ied  00m- 
j>ounds»  which,  wli'in  settled,  are  rim  off,  and  the  oil  washed  with  water  until  it  has 
become  free  from  alkali.  The  oil  is  next  treated  witli  sulpharic  acid  of  17  sp,  gr., 
the  quantity  of  whicli  may  vary  from  5  to  35  per  cent,  while  the  duration  of  tlw 
operation  may  vary  from  one  minute  to  three  hours.  The  treatment  with  sulphuric 
acid  greatly  influences  the  quality  of  tlie  oil,  because  it  might  happen  tliat,  by  this 
treatment,  oils  originally  free  from  sulphur  would  become  impregnated  Ti 
in  consequence  of  tlie  fact  that  the  more  volatile  portions  of  these  oik  are  c 
mixtures  of  aldehydes  and  ketones,  bodies  which  readily  combine  with  suJphunjui 
acid.  The  mixture  of  oil  and  sulphuric  acid  is  nin  into  a  tank  for  the  purpose 
depositing  the  specifically  heavier  portions  of  the  liquid ;  the  supernatant  lighter 
oil  is  afterwards  tapped  otT,  and  waslird  with  plenty  of  water,  tlien  with  weak  caustic 
soda  ley,  being  finally  rectilicd  by  ilisLillaiion,  Acconiirig  to  H.  Yohl.  paraffin  oils  arc 
sometimes  bleached  with  hydrofluoric  acid,  whereby  iliioriac  compounds  are  sta 
to  be  formed,  which,  on  burning  the  oil,  give  ofT  noxious  vapours.  The  alkaline  i 
acid  liquors  used  in  the  operation  arc  utilised  in  the  following  manner : — The  crude 
alkaline  carbolic  acid  liquor  is  satumted  with  sulphuric  acid,  and  crude  carbohc 
acid  obtained.  The  latter  is  used  for  various  purjioses,  among  wliich  are  thp 
creosoting  of  timber,  for  disinfecting,  kc. ;  or  it  is  used  for  preparing  pyrogen  by 
causing  the  vapours  to  pass  through  a  red-hot  tube,  tlie  condensing  product  being, 
after  treatment  with  soda  ley  and  sulphuric  acid,  as  well  fitted  for  burning  in  lami 
as  paraffin  oil.  Perutz  submits  llie  alkaline  liquid  containing  corbolate  of  soda  tol 
distillation  in  an  iron  still,  pushing  the  operation  on  -to  dryness,  and  obtaining  a 
mixture  of  carbolic  acid  with  light  fluid  hydrocarbons.  If  it  is  desired  to  prepare  pureg 
carbolic  acid,  the  liquid  which  comes  over  between  140"  and  240*  is  separately 
collected  and  treated  in  the  ordinory  manner.  The  residue  left  in  the  still,  a  mixture 
of  alkalies  and  coke,  is  calcined,  tlie  ash  lixiviated,  and  the  resulting  liquor  ^ 
causticised  with  lime.  The  aiilphnric  acid  is  employed  for  preparing  sulphate 
iron.  The  rectification  of  the  oils  is  perfonncd  in  the  ordinary  manner.  100  pa 
of  peat  tar  yield  of  rectilled  products : — Solar  oil  of  0*865  ^P-  *>''•»  264;  phot 
0*850  sp*  gr.,  207;  paraffin,  233:  crude  carbolic  ncid  (peat-tar  creosote),  iva 
parts.  100  parts  of  Saxony  brown-coal  tar  yield  on  an  average : — Par»Ulin,  10  to  15 
photogcn,  j6  to  27;  solar  oil,  34  to  38;  cret>sotc,  5  to  10;  coke,  15  parts,  Tlife 
commercial  value  of  these  articles  fluctuates  and  depends  on  the  demand  and  supply. 
There  were  prepared  in  1870  in  Prussia  from  54  millions  of  cwts.  of  brown-ooal  in 
sixty-seven  different  works,  100,000  cwts.  of  paraffin  and  250.000  cwls.  of  mineral  01 
paraffin  oil 
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Petroleum. 

^luocS^ioe"*       Since  the  year  1859  native  petroleum  has  become  a  most  important 
illuminating  material.    Petroleum  was  known  to  the  ancients  and  was  used  by  them 
for  various  purposes.     Greece  obtained  it  from  the  Island  of  Zante ;    and  {he 
X^etroleum  from    Agrigentum  was  burnt  in  lamps  under  the  name  of  Sicilian  oil. 
The  inspissated  oil  which  was  used  under  tlie  name  of  mineral-pitch,  or  asphalte, 
as    a    cement   in   building   Babylon,    was   obtained  from    tlie    neighbourhood  of 
the  River  Euphrates.     Mineral  pitch   was  used  by  the  ancients   foY  embalming 
their  dead,  while  it  would  appear  that   some    black-coloured    earthenware    was 
prepared  with  asphalte  gently  burnt  in.      In  some   parts  of  Central  Asia  large 
quantities  of  inspissated  petroleum  occur,  and  the  Dead  Sea  is  especially  a  locality 
where  this  substance  is  met  with  ;  hence  the  name  of  lacus  asphaUites*  In  the  Island  of 
Trinidad  a  large  lake  (Pitch  Lake)  occurs,  filled  with  mineral  pitch,  which  according 
to  the  prevailing  temperature  is  more  or  less  soft.     Petroleum  is  found  in  a  great 
many  localities  in  different  parts  of  the  world — Amiano,  near  Parma,  where  this  oil 
has  been  used  for  burning  in  street  lamps;    Tegemsee,  Bavaria,  the  oil-spring 
having  been  known  since  1430,  but  yielding  only  42  litres  annually ;  NeufchAtel, 
Switzerland  ;  Sehnde,  near  Hanover ;  Kleinschoppcnstedt,  Brunswick ;  Bechelbronn, 
Alsace ;  Coalbrookdale,  England  ;  in  the  Pyrenees,  and  other  portions  of  Spain  and 
France  ;  also  in  Galicia.     In  far  larger  quantity  petroleum  occurs  on  the  Caspian 
seaboard  at  Apscheron,  and  especially  on  the  Island  of  Tschellekan  (39  J'  N.  lat), 
where  more  than  3400  sources  are  found,  which  yield  annually  54,000  cwts.  of 
petroleum.     At  Rangoon,  in  Burmah,  petroleum  occurs  in  such  large  quantity  that 
annually  400,000  casks,  weighing  6  cwts.  each,  are  exported  thence.     But  in  no 
country  is  petroleum  found  in  such  inexhaustible  quantity  as  in  the  United  States, 
in  a  tract  parallel  to  the  Alleghany  mountains,  and  extending  from  Lake  Ontario 
into  the  Valley  of  tlie  Kanawha,  in  Virginia.     The  oil  region  includes  the  western 
counties  of  the  State  of  New  York  and  Pennsylvania,  and  part  of  Ohio.     The  most 
important  petroleum-wells  are  at  Mecca  (Trumhall  Co.,  Ohio),  and  at  Titusville,  Oil 
City,  Pithole  City,  Rouseville,  McClintockvillc  (Venungo  Co.,   Pennsj'lvania,   the 
country  of  the  Seneca  Indians).     This  territory  is  termed  Oil  Creek.     The  wells  are 
bored  to  a  depth  of  22  to  23  feet  :  some  wells  are  flowing  wells,  the  oil  being  yielded 
spontaneousl}' ;    other  wells 'are  pumped.     In   Canada  petroleum   is  met  with  in 
different  localities;  as, for  instance,  at  Gaspe,  near  the  St. Lawrence,  and  in  Lambton 
Co. ;  also  on  the  western  portion  of  the  peninsula  formed  by  the  lakes  Huron,  Erie, 
and  Ontario,  in  the  Enniskillcn  district.     California  yields  enormous  quantities  of 
petroleum,  which  occurs  also  in  many  parts  of  South  America,  and  in  the  islands  of 
Java,  Borneo,  and  Timor. 

^^^  PetroS*.**"''  -^s  regards  the  origin  and  formation  of  petroleum,  several  hypo- 
theses have  been  brought  forward.  According  to  some  the  formation  of  petroleum  is 
intimately  connected  with  the  occurrence  of  hydrocarbons  met  with — according  to 
the  observations  of  Dumas,  H.  Rose,  and  Bunsen — in  compressed  condition  in  many 
rock-salt  deposits,  from  which  they  are  set  free  eitlier  in  tlie  state  of  gas  or  as 
naphtha,  when  the  salt  comes  into  contact  with  water  or  is  broken  up.  The  crack- 
ling salt  of  the  WieHc?ka  mine  gives  off  marsh-gas  ;  but  by  condensation  GH4  might 
yield  homologous  hydrocarbons,  C6Hx4  and  C7H16,  which  form  the  bulk  of  the  vola- 
tile portions  of  petroleum  and  paraffin,  the  composition  of  the  latter  varying  between 
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CioH4t  and  C17H36.  The  association  of  petroleum,  rock-salt,  and  combustible  gosea 
is  met  with  in  w  ^Tcat  many  localities  ;  as,  k>t  instance,  in  tlio  Bavarian  Alps,  in  Tus- 
cany, Mod«na»  Parma,  the  Carpathian  monutiuns,  on  the  Caspian  Sea,  in  India,  and 
also  in  America.  According  to  another  yievv,  petroleum  is  Uie  product  of  the 
slow  decomposition  of  vegetable  and  animal  matter,  and  results  from  a  re-arrangement 
of  Ihcir  elements.  The  American  geologists  suppose  petroleum  to  b©  due  to  the  dry 
subtenaneous  distillation  of  accumnlations  of  sea-plants  and  marine  animab,  and 
tliat  tlie  petroleum  is  forced  upwards  by  water,  always  present  in  the  bored  welR 
Of  course  tlie  hypotliesis  involves  the  action  of  subten-aneous  heat  at  great  depth, 
which,  according  to  existing  observations  on  the  increase  of  temperature  in  deep  cool 
mines,  reaches  the  boiling  temperature  of  water  at  6000  feet.  According  to 
Berthelot's  view  (iS66)t  tliere  should  bo  formed  subterraneously,  from  carbonic  acid 
aud  alkali  metala,  acctylides,  which  again  should  yield  witli  aqueous  vapour  acetylirti, 
C^Hj,  wliieh  in  its  turn  bliould  be  converted  into  petrnhium  and  tar  products, 

^p.^iruirli^™'^*  Almost  all  the  native  petroleums  require  to  be  refined  before  they 
can  be  used  as  ilUiminating  material,  the  mode  of  refining  dilfering  according  to  the 
nature  and  consistency  of  the  oil.  The  oils  met  witli  at  Apstheron,  in  Eussia,  and 
in  the  neighbourhood  of  Baku,  are  nearly  all  colourless,  and  can  be  directly  used  for 
burning  in  lamps  after  having  been  simply  rectified  by  distiUation.  'Tlie  Rangoon 
oil  contains  so  large  a  quantity  of  parafEn  that  it  has  at  the  ordinary  temperature 
the  consistency  of  butter,  and  is  therefore  employed  for  extracting  porafiin.  The 
native  petroleitms  of  many  of  the  East  Indian  islands  contain  sulplmr  compounds, 
and  cannot  tlierefore  be  burnt  in  lamps  until  tliey  have  been  treated  with  causlio 
soda  and  sulphuric  acid,  and  rectified  by  distillation.  The  speciiic  gravity  of  tlie 
native  petroleums  met  with  in  Canada  and  the  United  States  varies  very  much ; 
tliat  from  Venungo  Co,.  Pennsylvania,  has  a  sp.  gr.  of  08,  while  oils  in  other 
localities  have  a  sp.  gr,  of  085  to  eg.  Galicia  produces  large  quantities  of  native 
petrolcuxn,  which  is  refmcd  in  some  twenty-two  works,  situated  near  Boryskv  and 
Drohobicz  ;  while  a  large  quantity  of  pariiffiu  oil  is  obtained  as  a  by-product  of  lli» 
distillation  of  paraflin  Irom  ojtolcerite.  The  lighter  petroleums  yield  about  90  per 
cent  of  photogen  and  sobir  oil,  but  the  beavier  kinds  yield  only  40  to  50  per  cent,  the 
remainder  being  tar.  The  methods  of  refiiiiHg  native  petroleums  consist  in  treat- 
ment with  caustic  soda,  sulphui'ic  acid,  and  finally  fracUoned  distillation. 

consutution of  PciKiieom.  As  far  as  researches  have  been  instituted,  all  tlie  native 
petroleums,  irrespectivo  of  consistency  and  specific  grovity,  are  mii^tures  of  the 
higher  series  of  the  homologous  compounds,  of  which  marsh-gas,  CH^,  is  the  first 
term.*  Amyl  hydrogen,  liydride  of  amyl,  C5Hia,  l>oihng  at  6S%  and  hydride  of 
caproyl,  C6llx4,  boiHiig  iit  Qi",  eon&tituto  the  more  volatile  portion  of  cnide  Ammcaii 
petroleum  ;  these  burn  like  marsh-gas  with  a  faintly  luminous  fiame.  The  eon- 
stituents  of  tlie  oil  used  in  lamps  are  represented  by  the  hydrocarbons  CjHift  aod 
CtfHafi.  The  higher  series  cf  the  marsh-gas  group  exliibit  a  butter-like  consistency, 
and  are  composed  according  to  the  formuka  C20II42  and  C27H36,  and  belong  to  tha 
paraflSna  met  w^th  in  petroleums. 

•  Ronaldft  proved  in  1865  that  the  gasea  cTolved  from  crude  Araorican  petroleum  ar« 
essentikiJly  hydride  of  ethyl  jC^Hg),  aud  hydride  of  propyl  (CjHu),  which  arc  the 
w^cond  and  third  terms  of  the  above  »eri*'8.  The  researches  of  Fouqu^  (1S69)  agree  with 
those  of  ItonaldSj  for  lio  found  that  the  gases  evolved  from  petroleani  are  piirtly  a 
mixtrtro  of  the  hydrides  of  priq>yl  and  butyl,  and  partly  a  /nixttir©  of  marbh-gaa 
Brid  hydride  of  ethyl, 
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T«ehnoiog7  of  Petroleum.  According  to  an  Act  of  Congress  crude  petroleum  may  not  be 
exported,  owing  to  its  liigh  degree  of  inflammability,  and  a  sample  of  every  cask  of 
petroleum  is  to  be  tested.  The  oil  ought  not  to  give  off  inflammable  vapours 
(hydride  of  butyl}  below  38°  C.  =  100°  F.  In  tlie  United  Kingdom,  as  elsewhere, 
legislative  measures  have  been  taken  in  order  to  insure  safety  in  the  petroleum 
trade.  Consequently  crude  petroleum  is  chiefly  refined  by  submitting  it  to  fraction;  1 
distillation  in  order  to  separate  from  it  the  naphtha  of  0715  sp.  gr.  (the  benzolino  of 
the  shops),  which  begins  to  boil  at  60''.  Wiederhold  found  tliat  the  naphtha  yields 
by  fractional  distillation : — 

48'6  per  cent  of  070  sp.  gr.  boiling  at       100°    (a) 

457  M  073        ^  ,.  200°    (h) 

57  „  oSo       „  „  above  200**    (c) 

(c)  is  refined  petroleum  ;  [a)  is  too  volatile  for  burning  in  lamps ;  (6)  maybe  used  in 
properly  constructed  or  sponge  lamps.  H.  Vohl  calls  petroleum  naphtlia,  canadol 
or  Canada  oil,  and  applies  it  to  the  carburetting  of  illuminating  gas ;  and  also  as  a 
solvent  for  caoutchouc,  colophonium,  mastic,  dammar,  copal,  amber,  shellac,  oils 
and  fats,  and  for  preserving  anatomical  preparations.  The  most  volatile  and  lightest 
portion  of  the  naphtlia  (sp.  gr.  065,  boiling-point  between  40°  and  50°),  known 
as  Sherwood  oily  kcroselen,  petroleum  etlier,  and  rhigolen,  is  used  as  an  anaisthetic, 
and  applied  externally  in' neuralgia.  The  less  fluid  petroleum  oils  are  used  as 
lubricating  oils  under  a  variety  of  names — Globe  oil,  Vulcan  oil.  Phoenix  oil,  &c. 
Crude  petroleum  is  used  as  fuel  in  tlie  Russian  nav}-,  in  steamers  on  Caspian  Sea, 
and  by  the  United  States  navy  in  some  cases ;  it  has  been  tried  with  success  in 
France  as  fuel  for  locomotive  engines.  Refined  petroleum,  the  paraffin  oil  of 
the  London  shops,  is  an  opalescent  fluid,  somewhat  yellow,  boiling  at  lyf,  not 
miscible  with  water,  alcoliol,  and  wood- spirit ;  but  readily  miscible  with  ether,  oil  of 
turpentine,  and  sulphide  of  carbon.  Petroleum  dissolves,  especially  when  liot, 
asphalte,  elcmi,  Venice  turpentine,  and  caoutchouc.  As  is  well  known,  petroleum  is 
largely  used  for  burning  in  lamps.  The  fluid  known  as  kerosine,  also  used  for 
burning  in  lamps,  has  a  sp.  gr.  of  o  78  to  0825.  Pitt  oil  seems  to  be  identical,  and 
both  are  prepared  from  American  petroleum  by  distillation.  As  a  great  confusion 
exists  in  the  names  of  the  various  distillation  products  of  petroleum,  we  quote  the 
following  particulars  communicated  by  Kleinsclmiidt,  of  St.  Louis  : — 

o  60°      =  go°— 97'^  B.  =  Rliigohn. 
063 — o'6i  =  80- — 90°  B.  =  Gasolin. 
o  67-~o-63  =  70°— 80°  B.  =  Naphtha. 
073 — 067  =  60" — 70*"  B.  =  Benzine. 
078 — 0*82  —  40° — 60"  B.  =  Kerosen. 

At  higher  temperatures  paraffin  and  illuminating  gas  come  over.  In  order  to  give 
fiome  idea  of  the  enormous  consumption  of  petroleum,  it  may  bo  mentioned  that  the 
imports  in  the  German  Customs  Union,*  amoimted  in  1866  to  918,954  cwts.,  and  in 
Ibe  first  half-year  of  1S70  to  1,260,630  cwts. 

•  Embraces  all  the  States  of  Germany,  including  the  Grand  Duchy  of  Luxembourg, 
but  no  Austrian  territory. 


Oils  distilling  over  below 

377°  sp.  gr. 

at 

766^      „ 

M 

1370°      ,. 

..                                 ». 

1480°      „ 

^             «. 

183^—219°  „ 

DIVISION  vnL 

FUEL   AND    HEATING   APPARATUS. 


A.  Fuel. 
Foei.  We  understand  by  fuel  such  combustible  materials  as  may  be  burnt  witli  tlie 
view  of  obtaining  heat.  Wood,  peat,  brown-coal,  coal,  anthracite,  wood-charooal. 
peat-charcoal,  coke,  petroleum,  combustible  gases,  sucji  as  carbonic  oxide  and 
hydrocarbons,  are  fuel.  Excepting  the  gases,  all  kinds  of  fuel  are  closely  related  to 
each  other  as  far  as  regards  tlieir  origin,  because  fuel  consists  of  cellulose  or  has 
been  formed  from  it.  Native  fuel,  coal,  wood,  peat,  anthracite,  consists  of  carbon, 
hydrogen,  and  oxygen,  with  larger  or  smaller  quantity  of  ash  (silica,  alnmina, 
oxide  of  iron,  alkalies,  and  alkaline  earths),  and  as  regards  coals,  also  nitrogen, 
sulphur,  and  phosphonis.  Only  hydrogen  and  carbon  are  combustible  substances, 
and  these,  therefore,  determine  the  value  of  fuel  by  complete  combustion,  leaving 
only  ash,  water,  and  carbonic  acid.  In  wood-ash,  carbonate  of  lime,  in  the  ash 
of  mineral  fuel,  alumina,  chiefly  prevail.     The  effect  of  fuel  depends  upon  : — 

a.  Combustibility. 
h.  Inflammability, 
f.  Calorific  effect. 

combmubuity.  By  couibustibility  is  understood  the  gi*eater  or  less  readiness  witli 
which  fuel  is  kindled  and  continues  to  bum  after  having  been  kindled.  This 
property  depends  upon  tlie  composition  of  the  fuel.  A  porous  fuel  kindles  more 
readily  tlian  a  denser  and  more  compact  fuel.  Witli  regard  to  tlie  relation 
between  combustibility  and  composition,  it  has  been  found  that  the  more  hydrogen  a 
fuel  contains,  the  more  readily  it  burns. 

inflammabuity.  By  tlio  inflammability  of  fuel  we  understand  its  property  of 
bursting  into  flame  when  kindled;  and  as  flame  is  due  only  to  burning  gases, 
it  is  evident  that  tlio  fuel  containing  most  hydrogen  is  that  which  bums  with 
the  most  intense  flame.  In  the  case  of  coke,  charcoal,  and  similar  fuel,  there  can  be 
no  flame  other  than  that  due  to  the  formation  of  carbonic  oxide  owing  to  incomplete 
combustion. 

Calorific  Effect.  The  licat  evolved  by  the  complete  combustion  of  fuel  may  be 
measured  in  two  different  ways : — 

1.  As  regards  tlie  quantity  of  heat  evolved. 

2.  As  regards  the  degree  of  temperature  or  intensity  of  the  heat. 
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Wlien  tlie  heat  evolved  is  measured  according  to  its  quantity,  we  obtain  the  com- 
bustive  power,  the  specific  or  absolute  calorific  efiect,  of  the  fuel. 

When  the  degree  of  heat  is  measured,  the  heating  power  or  pyrometrical  efiect 
of  the  fuel  is  ascertained.  These  two  measurements  together  determine  tlie 
technical  value  of  a  combustible  material.  When  the  absolute  calorific  efiect  of  a 
fuel  is  referred  to  its  cost,  we  determine  its  combustible  value  in  tlie  locality  where  it 
is  to  be  consumed. 

<52bStiSI'power.  'A.s  we  do  uot  posscss  a  particular  measure  for  heat,  we  have, 
when  desirous  of  determining  tlie  quantity  of  heat  yielded  by  a  fuel,  to  institute 
trials  for  the  purpose  of  ascertaining  the  relative  quantity  of  heat  evolved  by  various 
kinds  of  fuel,  in  order  that  by  comparison  we  may  find  how  much  more  heat  is 
evolved  by  one  kind  of  fuel  than  by  another.  If  the  results  tlius  obtained  are 
referred  to  a  given  bulk  of  the  fuel  experimented  with,  we  obtain  its  specific  calorific 
effect ;  but  if  it  be  referred  to  a  given  weight,  we  obtain  the  absolute  heating  effect. 
The  following  table  exhibits  the  heat  of  combustion  of  several  substances : — 

yields  34,462  units  of  heat. 


Hydrogen 

Carbon  (when  completely  burned  and  yielding  car- 
bonic acid)      . . • 

Carbon  (when  yielding  carbonic  oxide)        

Carbonic  oxide 

Marsh-gas 

Elayl-gas 

Crude  petroleum       

Ether 

Alcohol       

Wood-spirit        

Oil  of  turpentine       

Wax 

Wood 

Wood-charcoal 

Peat 

Compressed  peat       

Coal  (anthracite)       

Fat       


8080 

2474 

2403 

13.063 

11.857 

".773 

9027 

7183 

5307 
10,852 
10,496 
3600 
7640 
3000 
4300 
6000 
9000 


The  absolute  heating  effect  is  determined  according  to  the  metJiods  of  Karmarsch 
and  of  Berthier,  or  by  elementary  analysis. 

Kwrnanch^i  Ejnipor.uon  According  to  this  method,  applied  by  Dr.  Playfair  to  English 
coals,  by  Brix  to  Prussian,  by  Hartig  and  Stein  to  Saxony  coals,  the  quantity 
of  water  is  determined  whicli  i  lb.  of  tlie  fuel  will  evaporate.  According  to 
Regnault's  formula,  652  units  of  heat  are  required  to  convert  i  kilo,  of  water  at  0° 
into  steam  at  150°.     Consequently — 

I  kilo,  of  carbon  can  evaporate  ( )    =12*4  kilos,  of  water 

\  652  / 

I  kilo,  df  hydrogen        „  (3^4  -  j  z=  ^rg 

\    652    / 

Experiments  instituted  by  Dr.  R.  Wagner  and  others  gave  the  following  results:^ 

Red  beech  wood      378  kilos,  of  steam. 

Zwickau  caking  coal  (60  per  cent  ash)  645  „ 

Bohemian  coal  from  Niirschau  (190  .,         )  5*58  „ 

Forge  or  smith's  coals  from  Saarbrijck  (215  .,         )  606  „ 

Ruhr  coals  (5'5  „         )  690  „ 

Cannelcoal  (4*0  „         )  774  „ 
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»«rthi^^«ietuwi  According  to  iIkj  law  of  Welter  (which,  liou^cver,  is  not  confirmed 
by  experience,  since  recent  researches  Jiave  proved  tlnit»  especially  as  regards 
hydrogen »  great  deviationa  from  Uie  law  exist),  the  quantities  of  heat  evolved  from 
different  kinds  of  fuel  are  relatively  proportioned  as  tlio  quantity  of  oxygen  required 
for  their  oooibustion.  Assuming  this  t^i  bo  correct,  it  is  easj'  to  ascertain  the 
absolute  caloriiic  effect  of  fuel  if  its  composition  is  known,  it  being  only  required  to 
calculate  tlie  amount  of  oxygen  which  will  eject  the  complete  combustion  of  ihr 
constituents  of  the  fuel,  careful  account  being  taken  of  the  oxygen  it  contair 
I^nctical  experience  has  proved  that  Berthier  s  method  yields  results  wliicli,  ovvijig 
to  a  constant  errcjr,  ure  about  one-ninth  below  the  trutli.  The  fuel  to  be  tested 
by  tills  metliod  m  finely  pulverised,  and  i  grm,  is  mixed  with  a  quantity  of  litharge 
slightly  more  than  required  for  the  complete  reduction  to  metallic  lead,  the  minimum 
quantity  being  20,  and  the  maximum  40  grms.  This  mixture  is  put  into  a  fire-clay 
crucible,  and  covered  with  a  layer  of  20  to  40  grms.  of  litharge.  The  crucible  is 
covered  with  anotlier  crucible  and  placed  in  a  charcoal  fire,  where  it  is  gradually 
heated.  When  the  contents  of  Uie  crucible  are  fused  the  fire  is  increased  for  a  few 
minutes,  and  the  crucible  then  cooled  and  broken  up  in  order  to  obtain  the 
k^sd  button,  which  is  usually  clenn.  This  experimeut  has  to  be  repeated  with 
(he  saiuo  kind  of  fuel  two  to  three  times,  and  the  results  should  not  differ  from  each 
otlier  more  than  o-i  to  o'l  grm.  G.  Forchhommer  employs  instead  of  liUiargo  a  mix- 
ture of  3  ports  of  that  oxide  with  i  port  of  chloride  of  lead  (consequently  an  oxy- 
chloride  of  lead),  which  mixture  previous  to  use  is  fused  in  a  crucible*  and 
after  cooling,  pulverised.  Pure  wood-charcoal  j-ields,  when  ignited  willi  litharge  or 
with  oxychloride  of  lead,  34  times  its  weight,  and  h}  tlrogen  1037  times  its  weight  oi 
metallic  lead;  tlie  hydrogen,  therefore,  rather  more  than  three  times  as  much  as  the 
cliorcoal  (carbon).  By  means  of  these  data  it  is  possible  to  estimate  the  absolute 
calorific  effect  of  any  kind  of  fuel.  As  i  part  of  carbon  can  by  its  combustion  raise 
the  temperature  of  80S0  parts  of  water  l^  and  as  pure  carbon  yields,  according 
to  Bcrtliier,  34  parts  of  lead,  every  part  of  lead  reduced  by  the  fuel  under  examina- 
tion is  equivalent  to  f  -  ^'  ^-  J  =  237*6  units  of  heat.    The  application  of  Berthier^a 

method  is  suited  only  to  fuel  which  contains  but  a  small  quantity  of  hydrogen, 
owing,  as  already  observed,  to  the  incorrectness  of  tlie  law  of  Welter;  and  the 
meOiod  is  not  applicable  to  fuel  which  becomes  decomposed  below  red  lieat,  as  in  this 
case  a  portion  of  the  gaseous  matter  evolved  does  not  react  upon  the  lead. 

Example:— 'I  grm,  of  compressed  peat  yields  1776  gnna.  of  lead,  eqaal  to  4114*5  units 
of  heat  (dnce  237*6  x  1776  —  4i24'5) ;  in  other  words,  t  kilo,  of  compressed  peal  yiclila 

6-3  kilos,  of  steam  at  150°  (since  ^^^^  -  6'3). 

siMDBniwTAnaiTtii.  AlUiough  tt  lias  been  proved  tlmt,  as  regards  isomeric  organic 
bodies,  tlic  quantity  of  heat  evolved  by  their  combufrlion  is  not  precisely  proportiunal 
to  the  quantity  of  oxygen*  required  for  that  combustion ;  and  w^hereas  tlie  same 
quantity  of  oxygen  may  yield,  under  different  conditions,  different  quantities  of  heal, 
it  may  still  for  all  pmcticol  purpof^es  be  assumed,  Umt  as  regards  fuel  of  tlic  sama  4 
similar  composition,  the  results  of  elementary  analysis  give  the  means  of 

*  Tba  QompoBltion  of  butyric  acid  and  of  acetic  ether  is  the  same,  and  ia  expressed  by 
the  fommla  C+HsOj ;  yet  the  former  yields  on  combustion  5647  units  of  heal,  SM 
the  Intter  6ig2. 


FUEL,  701 

taining  the  calorific  value  of  such  fuel,  provided  the  quantity  of  ash  it  contains 

be  first  determined. 

Example : — i  grm.  of  compressed  peat  yielded  on  analysis  o'4698  grm.  of  carbo.i,  and 
0*0x43  grm.  hydrogen,  equivalent  to  42887  units  of  heat ;  because — 

Carbon,      0*4698.       8080  =  3795*9 
Hydrogen,  0*0143.     34,462  =    492*8 

4288*7 
The  compressed  peat  contained— 

15*50  per  cent  of  hygroscopic  water,  and         1  _    ^    ^  . 

31*78         „  chemically  combined  water  f  -  48  2«  per  cent  water. 

Requiring  for  evaporation  255*3  heat-units ;  hence  4288*7  —  255*3  =  4033*4  units  of  heat. 
The  evaporating  power  of  the  compressed  peat  is  therefore — 

4033*4 

=  6*19  kilos. 
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stromeyers Tett.  According  to  this  method  (1861)  the  fuel  is  ignited  with  oxide  of  copper, 
the  residue  treated  with  hydrochloric  acid  and  chloride  of  iron,  whereby  the  latter  is 
partly  reduced  to  protoohloride,  which  is  estimated  by  permanganate  of  potash.  This 
method  yields  very  correct  results,  but  is  rather  tedious. 

Specific  Calorific  Effect,  By  spccific  calorific  effect  we  understand  the  relative  qu  miities 
of  heat  evolved  by  equal  bulks  of  different  kinds  of  fuel.  The  specific  calorific  effect 
is  obtained  by  multiplying  the  absolute  calorific  effect  by  the  sj)ecific  gravity  of  the 
fuel  under  trial. 

pyrometiicai  Calorific  Effect.  The  pyromctrical  calorific  effect  of  a  fuel  is  that  indicated  by 
the  temperature  resulting  from  its  complete  combustion.  As  tliero  does  not  exist  any 
pyrometer  the  indications  of  which  are  suflaciently  reliable  to  be  converted  into 
thermometrical  degrees,  we  have  to  content  ourselves  for  the  present  with  an 
approximative  knowledge  of  the  pyrometrical  calorific  eflect  as  deduced  from  calcula- 
tion. The  pyrometrical  effect  of  a  fuel  is  equal  to  the  heat-units  of  absolute  heating 
effect  divided  by  the  sum  of  the  relative  quantities  by  weight  of  its  products  of  com- 
bustion, each  of  these  quantities  by  weight  being  multiplied  by  the  corresponding 
specific  heat.  The  flame-yielding  substances  of  the  combustible  matter  of  wood  and 
coals  are,  therefore,  possessed  of  a  lower  pyrometrical  effect  than  the  non-inflam- 
mable carbonised  substances  ;  while  in  reference  to  tlic  absolute  calorific  effect,  tho 
reverse  obtains.  This  is  due  to  tlie  fact  that  the  aqueous  vapour  formed  by  tho 
combustion  of  hydrogen  takes  up  nearly  four  times  as  much  heat  to  acquire  a 
certain  temperature  as  does  carbonic  acid.  The  diflerencc  of  pyrometrical  effect  of 
fuels  is  far  greater  when  they  are  burnt  in  oxygen  than  when  they  are  burnt  in  air. 
In  order  to  approach  in  practice  as  nearly  as  possible  the  pyrometrical  effect  of 
theory,  it  is  necessary  to  burn  all  the  carbon  completely  to  carbonic  acid,  because 
the  temperature  of  its  combustion  to  carbonic  oxide  amounts  in  air  to  only  1427°, 
with  2480  units  of  heat;  while  if  tho  carbon  is  burnt  to  carbonic  acid  the  tem- 
perature rises  to  2458'*,  with  8080  heat-units.  Tliis  complete  combustion  may  be 
greatly  promoted  by  proper  treatment  of  the  fuel ;  for  instance,  by  keeping  wood- 
charcoal  and  coke  in  drying  houses  for  a  considerable  time ;  by  compressing  peat  to 
increase  its  density ;  by  preparing  dense  coke ;  heating  the  fuel  previous  to 
introducing  it  into  the  furnace;  by  the  use  of  heated  air;  and,  lastly,  by  effecting 
the  combustion  with  compressed  air. 

The  temperature  of  combustion  is  not  only  the  product  of  the  act  of  combustion 
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itself,  but  ia  essentially  modified  b)*  the  nction  of  the  active  principles  of  the 
during  the  combustion.     For  complete  combiistioji  there  are  required  :- — 
For  1  kilo,  of  carbon,  at      15*    g  7  cubic  metres  of  air. 
„    I     M     11  hydrogen,  at  15'',  28  o     ., 
From  those  data  vvc  deduce  tlie  foOowing  quantitiGs  of  air  as  required  for  the 
complete  combustion  of  tlio  subjoined  quantities  of  fuel : — 

I  kilo,  of  wood  (witli  20  per  cent  of  hygroscopic  water)  =  52  cubic  metres  of  air, 

X      „      wood-charcoal =  9*0    „ 

1       „       pit'coal ,,  =  90    „  *, 

t       ,1       coke  ...     ...     .4.     *..     * =  9:0     ♦,  ,f 

I       .♦       brown-cool       ...     *,.     ,„     „  =  7-3     „ 

I       -       peat ,  =  7*3     ,, 

In  practice  on  tlie  large  scale  these  quantities  of  air  require  to  be  doubled  in  order 
to  obtain  complete  combustion, 

MeohaiUcai^EqaiwieBt  The  law  of  tlio  couservfttion  of  energy  teaches  that  heat  can  be 
converted  into  labour,  and  inversely  labour  into  hunt ;  and  that  i  unit  of  beat  corre- 
sponds to  424  metrical  kilos,  of  labour.  When  heat  does  work  it  is  dispersed  in  tlie 
proportion  of  424  units  of  work  for  i  utiit  of  heat ;  consequently  the  number  424 
expresses  the  mechanical  equivalent  of  heat.  By  a  footpound  is  understood  thu 
force  required  to  lift  r  weiglit  of  i  pound  i  foot  high.  When  instead  of  the  pound 
the  kilo.,  and  instead  of  the  foot  the  metre  are  taken»  tlie  tenn  kilogrammetje  is 
employed.  1  kilogrammetre  —  6  37  lllienish  footpoundB :  r  EngUsh  foot-pound  is 
equal  to  013825  kilogram  metre ;  75  kilogram  met  res  =  542  English  foot-pounds; 
I  horse-power  (33,000  pounds  Hftcd  i  foot  liigli  ja  i  minute)  is  equal  to  760390 
kilogrammetres ;  i  unit  of  heat  per  English  pound  is  equal  to  ^ths  of  a  French  calorific 
unit  per  kilo.  The  starting-point  of  the  mechanical  theory  of  heat  is  the  aitioni  fiftt 
put  forward  hy  R.  Clausius,  that  "in  all  cases  in  which  heat  does  work  a  propor- 
tional quantity  of  heat  is  dispersed  or  consumed,  and  in\*ersely,  by  the  performanoe 
of  on  equal  amount  of  work,  the  some  quantity  of  heat  ran  be  regenerated." 


Wood, 

WMiL  Wood  consists  of  several  stracturnlly  different  ports,  which  may  be  soen  in 
the  transverse  section  of  tlie  wood,  viz.: — The  axis,  or  pith,  a  rather  sponj^*, 
regularly  shaped  tissue  of  parenchyma  cells*  which  radiate  towards  the  bark.  This 
is  surrounded  by  the  wood,  consisting  of  an  aggregation  of  bundles  of  vascular 
tissue.  The  wood  is  surrounded  by  the  bark,  and  between  wood  and  bark  is 
deposited  a  very  tliin  layer  of  cells  hlled  with  a  turbid  fluid,  from  which  the  further 
growUi  of  the  tree  proceeds  by  the  gmduid  deposition  of  newly  formed  cells  towards 
both  the  wood  and  bark  ahhi.  The  bark  is  externally  covered  with  a  layer  of 
peculiarly  shaped  cells,  which  with  the  rind  form  the  bark»  covered  by.  in  young 
trees,  epidermis.  Tlie  pitliceUs  become  obliterated  in  old  trees,  and  leave  a  lioUow 
tube.  The  wood-cells  become  thicker  by  the  deposition  of  cellulose,  and  aa  Uui 
deposition  increases  in  spring  but  decreases  in  summer  and  autumn,  tlie  effect  \s  tilt 
formation  of  the  so-called  annual  rings»  which  are  separated  from  each  other  by  tlia 
more  compact  and  harder  layers  deposited  in  autumn.  The  wood-cells  are  internally 
hoUow,  and  are  separated  from  each  other  by  intercellular  meatus,  which  contain 
usually  air.  but  sometimes  also  gum,  resin,  &c.    The  largest  quantity  of  cellulose  is 
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deposited  in  the  wood  and  vascular  cells,  which  essentially  constitute  the  wood ;  tlie 
wood  is  the  harder  and  more  compact,  when  in  a  given  space  the  cellulose  is 
deposited  in  larger  quantity,  while  in  the  so-called  soft  wood  the  walls  of  the  cells 
are  thinner  and  their  number  smaller  in  a  given  space.  The  trees  of  wliich  tlie 
wood  is  used  as  fuel  in  Central  Europe  are : — 
Leaved  trees. 

Oak  (Quercus  pedunculata  and  rohur)     . 

Red  beech  {Fagus  sylvatica)    

White  beech  {Carpi?ius  betuliis)      ...     .. 

Elm  tree  ( Ulmus  campestris  and  effasa) 

Ash  tree  [Fraxinus  excelsior) 

Alder  {Alnus  glutinosa  and  incana) 

Birch  (Detula  alba  and  pubescens) 

Coniferous  trees. 

White  fir  (Pinus  abies)     

Red  fir  (Scotch  fir)  (Prnw*  |9w?ai)    

CoTDxaon  fiT  (Pinus  sylvestris) 

Larch  or  larix  tree  (Pinus  larix)    

Oak,  beech,  elm,  birch,  and  ash,  are  hard  woods.  Sycamore,  larch,  and  common 
fir  are  half -hard ;  while  poplar,  lime  tree,  willows,  are  soft  woods. 

consuta«nu  of  Wood.  Wood  essentially  consists  of  woody  fibre,  small  quantities  of  ash 
and  sap,  and  a  variable  quantity  of  hygroscopic  water.  Woody  fibre,  or  cellulose, 
constitutes  about  96  per  cent  of  dry  wood,  and  is  composed  of  C6H10O5 ;  in  100  parts, 
of— Carbon,  4445;  hydrogen,  6-17  ;  oxygen,  49*38.  The  vegetable  sap  consists 
chiefly  of  water,  but  contains  organic  as  well  as  inorganic  matters,  partly  in 
solution  and  partly  suspended.  The  inorganic  constituents  of  the  sap  (the  ash  left 
after  the  incineration  of  the  wood)  are  the  same  in  all  kinds  of  wood  (see  p.  123). 
In  practice  it  is  assumed  that  wood  leaves  about  i  por  cent  of  ash ;  but  there  is  a 
difference  for  certain  portions  of  the  tree,  the  trunk  yielding  about  123  per  cent  of 
ash,  the  branches  and  knotty  parts  1*34  and  i'54,  and  the  roots  227  parts  of  ash 
respectively. 

The  quantity  of  water  contained  in  wood  is  generally  larger  ia  soft  tlian  in  hard 
woods.  100  parts  of  wood  recently  felled  are  found  to  contain  on  an  average  the 
following  quantities  of  water : — 


fit  for 

felling  in 

50 —  60  years. 

„ 

80—120 

If 

„ 

no — 120 

ft 

»♦ 

20—  30 

t> 

•> 

20 —  30 

>» 

» 

20—  30 

»> 

»> 

20 —  25 

»> 

„ 

50 —  60 

If 

„ 

70 —  80 

»» 

80 — 100 
50 —  60 

»» 

Beech     

.     186 

Common  fir  ...     . 

397 

Birchr      

.     308 

Red  beech     ...     . 

397 

Oak 

•    347 

Alder     

41*6 

Oak  {Quercus  pedunculata)  .. 

.    354 

Elm        

44-5 

White  fir       

•     371 

Red  fir 

45'2 

Air-drj'  wood  may  be  considered  as  consisting  of : — 

40  parts  of  carbon  (inclusive  of  i  part  ash). 

40      „     „  chemically  combined  water. 

40      „     „  hygroscopic  water. 
Wood  dried  at  130" — at  which  temperature  all  the  hygroscopic  water  is  driven 
off— ia  composed  of: — 

50  parts  of  carbon  (inclusive  of  i  part  ash). 

50     „    „  chemically  combined  water. 
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Air-diy  beech  wood,  as  used  for  fuel,  eoulniiis  in  loo  parta: — 

Curbon       39*10 

Hydrogen ,     4*90 

Oxygen      » „     36*00 

Water  aud  ash  ..*     .* ...     30*00 
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H«fttUiiVtiMoiw<wd.  Tlie  heating  vahie  of  soft  wood  is  grreater  tlmu  that  of  hard' 
wood.  The  wood  from  coniferous  trees  is,  on  account  of  the  resin  it  contdns,  the 
most  readily  inflaniniable.  Birch  wood  is  very  similar  to  coniferous  wood.  Hesinous 
woods  yield  the  longest  flame.  According  to  Winkler's  researches  on  tlie  heating 
power  of  the  various  kinds  of  wood,  it  appears  that  for  1  kltifter  of  red  fir  wood 
might  be  substituted  : — 1*07  klaftcr  of  lime-lree  wood,  o  94  klnfter  of  common  fir, 
o  93  klafter  of  poplar,  o  91  klafter  of  willow  wood,  0*89  klafter  of  tanne,  070  khiAer 
of  beeeh,  0*665  l<^l«-fttr  of  birch,  o  65  klafter  of  sycaniore,  0*635  kl«ft<^r  of  <»1di, 
0*59  klafter  of  oak.*  Scheerer  assumes  that  the  absolute  calorific  efioct  of  the 
different  varieties  of  uniformly  dried  wood  is  tlie  same,  and  that  tho  specilic  caloric 
effect  of  wood  containing  the  same  amount  of  liygroacopic  moisture  is  proportionate 
to  the  specific  gravity.  The  pyrometric  heating  eftect  of  kiln  half-dried  wood»  with 
10  per  cent  of  moisture^  is^  according  to  Scheerer,  =  1850^;  while  that  of  fully  kiln- 
dried  wood  is  =  1950".  According  to  Peclet,  tho  combustion  of  clean  day  wood 
evolves  a  temperature  of  1685°,  provided  the  oxygen  of  the  air  supplied  for  com- 
bustion be  all  consumed,  for  if  that  is  not  tlit;  case,  or  only  half  the  oitygcn  he 
coDsumed,  the  temperature  is  only  gSo"",  as  happens  in  stoves  of  the  ordiiiarj 
couHtruction. 

According  to  Brix's  investigations,  the  evaporative  power  of  diEerent  kinds  of 
wood  is  as  subjoined: — 


Undriod. 

Dried. 

Per  coot. 

Per  cent. 

Fir  wood,  containing 

water,  per 

cent 

161 

413 

511 

Elm  wood,              „ 

147 

384 

467 

Bii-ch. 

1 2*3 

37* 

439 

Oak. 

f< 

187 

3'54 

460 

Bed  beech, 

222 

3"39 

463 

White  beech, 

X2'5 

362 

4*38 

Tliat  is  to  say.  i  kilo,  of  fir  wood,  containing  iO*i  per  cent  of  water,  eimpo 
4"  13  kilos,  of  water* 

Wood  onrcoaL  Nearly  all  organic  compounds  become  decomposed  by  heat,  and  leave 
eaVbon  if  access  of  air  is  prevented.  If  tlie  escape  of  gases  and  volatile  vapour 
evolved  wlien  wood  is  submitted  to  dry  distillation  is  permitted,  a  residue  is  le 
known  as  wood-charcoal.  Among  the  voklile  prcMlurts  of  this  operation  are  gaseous 
substances,  such  as  carbonic  acid,  carbonic  oxide,  and  marshgas,  while  tlie  eon* 
dcnsable  portion  of  the  volatile  products  consists  of  tar  and  an  aqueous  fluid,  Thi» 
latter  consists  of  crude  pyroligneous  (acetic)  acid  (see  p.  469)  and  of  wood-spirit 
The  tar  contains  a  large  number  of  fluid  and  solid  substances,  among  which  are 
paraffin,  creosote  (oxyphenate  of  metliyli,  oxyphenic  aud  carbolic  acids  (that  is 
say,  true  carbolic  acid,  cresylic  acid,  and  phlorylic  acid),  and  several  hydrocarbong 

*  A  klafter  is  a  cubical  measure  >  108  cubio  feet. 
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all  these  substOBces  are  combustible.    The  following  di&^pram  exhibits  the   uluol 
pi  L^JnctH  of  tlie  dry  distillation  of  wood : — 


Wood, 


(I.  Beal  wood. 

b.  Hygroscopic 
water. 


fAcetylcn. 
*Elayl 

BenzoL 

Nnphthaliu  (?) 

Benzol. 
Naphtlialin  |?i 
Paraflin. 
Retell. 
iCarbohc  acid. 


y*  Pyroligneous  (  Acetic  acid, 
acid.  ]  Propionic  acid . 


lUumiJiating 
gos. 


fi.  Tor. 


Carbonic  oxide* 
Cftrbonic  acid. 
Marsh- gas. 
Hydrogen. 

Oxyphenic  acid, 
Cresylic  acid. 
Phlorjiic  acid. 
Empyreumntic  resins* 
Creosote. 

Aceton. 
Wood  spirit. 


m  M\V' 
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ic.  Wwyd  charcoal, 

c&rbotiinuon  of  wock).  Wood  is  carbouised  cMefly  for  t!ie  purpose  of  concentrating  tlie 
fuel  or  combuBtible  matter  it  contains,  to  obtain  a  more  readily  transportable 
material,  and  for  ike  purpose   of 

converting  tlio  wood  into  a  fuel  for  ^^^^*  3oi* 

use  in  metallurgical  and  teclmical 
processes  in  wliicli  ^^'0od,  as  sudi, 
cannot  be  employed. 

Wood  may  bo  carbonised  with 
the  sole  view  of  making  tar  (Stock- 
holm tar),  or  with  llmt  of  making 
wood-gas  or  chnrcoal.  In  the  latter 
case  the  wood  is  very  frequently 
carbonised  in  the  forests  where  it  is 
feUed^  in  heaps,  pits,  or  ovens, 

OMteniuUan  la       A     regularly      con- 
u$mp»s         Btruetcd  heap  of  blocks 
of  timber  covered  with  a  layer  of  earth 
and  cbarcoal-duBt  is  formed,  the  wood 
being   placed  vertically  or    horizon- 
tally   aa    regards   the    direction    of 
the  axis  of   the  heap.    In  the  first 
ease  the  heap  is  termed  a   **  stand- 
ing,'* in  the  other  a  ''  laid "  heap. 
The  axis  is  a  pole  or  seYeral  poles  of 
wood. 
CaoKUaeUrtn  o(       The    buUdlug  of  the 
Of  Ht*f*        heap  is  commoneed  by 
pntting  up  tlie    axis  pole  or  poles.  Fm.  3^3, 

Yeriieal     heaps    are,    according    to  _ 

their  oonstruetion,    dietinguished  in 
I  Oennany,  as  :— a.  Walah  heap,  Fig. 
[301.     h,   Slavonian    heap,    Fig.  302, 
e*  Schwarten  heap,  Fig,  303. 

The  WiUsh,  or  Itahau  heap  (Fig. 
301)  is  conatracted  with  a  hollow 
central  Fnpport  of  plwiks  or  stoat 
Ifttba,  kept  opart  from  each  other  by 
the  balks,  n.  The  heap  contains 
two  or  three  layers  of  wood  and  i^ 
oonical  in  shape.    The  layer  of  earth 

on  the  wood  is   termed  the   ohcmiso.      In   the  lower  part  of  the  holbw  pole  or  shaji 
l«sinoua  wood  is  placed  for  kindling  the  pile* 
40 
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The  SlATODJaii  lioitp  (Fig.  302)  ia  distm^isbad  frotn  the  former  by  the  fact  thtkt  tho 
ftjQS  is  a  Bolid  polo  and  by  tho  channel,  b,  by  means  of  which  the  wood  ia  tired.  A  third 
kind  of  vertical  heap,  termed  the  Schwarten,  is  in  use  in  Norway,  the  name  tmng  dcriv 
from  tho  word  '*  Schwartt'n,''  eignifying  irregular.  Three  of  the  larger  logs  liofm  i 
uentrid  pole,  a  a,  round  whit-li  light  coinbustihlo  material  in  placed  for  the  prorpose 
kindling  the  heap ;  while  the  blocks  of  wood  aro  next  built  up.  The  horijEontol  heap 
have  tbe  outward  appearance  of  the  former,  hut  the  blocks  of  wood  are  placed  horizon  tall; 
And  radially.  The  pole  or  axis  u  a  solid  shaft,  and  air  holes  or  channels  ore  made  In  th 
wood.  In  order  to  prevent  the  layer  of  earth  which  covers  the  heap  falling  in  and  chokin 
the  progress  of  the  smouldering  fire,  a  layer  of  leaves  and  twig«  is  first  placed  on  tb 
wood,  and  on  that  tbe  earth,  mixed  with  charcoal-dubt.  At  first  the  heap  of  wood  is  no 
quite  covered  with  earth,  au  uncovered  epace  of  gome  6  to  12  inches  being  left  at  the  foo 
of  the  heap  for  tho  purpose  of  admitting  air.  The  layer  of  earth  usually  has  tx  thicknea 
of  3  to  5  inches,  but  at  tbe  top  it  is  thicker.  In  order  to  protect  the  heap  from  the  eSecU 
of  strong  wind,  it  is  usual  to  put  up  what  are  termed  wind-blinds,  simply  planks  of  wo 
placed  dose  together  and  supported  by  stout  poles. 

There  are  two  methods  in  use  for  kindling  ur  firing  the  heaps  of  wood : — i.  Kindling  1 
the  bottom,  access  to  the  centre  of  the  heap  being  obtained  by  a  ohanneU  into  wiuc 
ignited  straw  is  introduced,     2.  Ignition  from  the  lop,  or  roof,  by  throwing  into  thai 
central  shaft  ignited  charcoal  and  wood -shavings, 

ChAraoaiBominf.      We  have  to  distinguish  three  stages  or  phases  in  this  operation:— 
I.  The  sweating,     2,  Tho  full  combustion.     5.  The  slow  smouldering.    In  order  that  the 
lire  may  eprcad  through  the  heap,  it  require:)  at  first  a  more  plentiful  supply  of  air,  and 
for  that  piirjHise  tbe  htnp  iB  left  cutirDly  uncovered,  or  at  least  left  open  at  the  bottom*  ( 
The  first  effect  of  the  tiring  in  that  a  large  quantity  of  wateiy  Tftpour  and  products  of  diyj 
tlistiilation  are  formed  within  the  heap,  which  becomes  oonseqttently  wet,  or  begins  to  1 
swofit.     During  this  time  there  is  the  risk  of  explosion  of  the  mixture  of  air  with  hydro- 
carbon gases  and  vapourp,  by  which  explosion  the  overthrow  of  tho  heap,  or  if  not  so 
violent,  a  shaking  of  the  covering  layer  of  earthy  may  take  place.    It  may  happen,  1  * 
that  ut  this  period  tbe  combustion  beoomes  internally  so  active  as  to  completely  cons 
iTJoro  or  lesfl  of  the  wood.     Any  holes  which  may  bo  observed  externally  are  at  once  f 
u}}  with  earth,  grass,  wet  wood,  clay,  or  any  suitable  materiaL     \Mieji  the  vapours  iss 
from  the  bottom  of  tbe  heap  become  brighter  in  colour,  complete  ignition  of  the  wood  1 
commenced,  and  it  then  becomes  necessary  to  prevent  the  access  of  air  by  covering 
entire  heap  with  earth  mixed  with  charcotil-powder ;  this  operation  is  termed  the  ene 
pasaing  {umfa»iien)  of  tbo  heap,  which  u  left  in  that  condition  for  three,  four,  or  six  d  _ 
the  high  temperature  being  Bulhcient  to  complete  the  carbonisation  of  the  wood  withoa 
farther  access  of  air.     In  order  to  insuro  the  complete  carbonisation  of  the  outer  portioi 
of  tho  heap,  the  combustion  must  be  carefully  conducted  from  the  top  and  centre  oa 
wards  by  partially  remo%ing  tho  covering  layer  towards  the  btattom,  and  by  making  smi 
channels  at  various  parts  of  the  covering,  an  openiiion  known  as  the  slow  smouldering  ( 
homing  oiT.     When  tho  smoko  which  issues  from  the  channels  becorues  bright  and  bin 
eolouied,  the  charcoal  is  well  bnmt,  and  therefore  the  channels  and  apertures  ar©  i 
closed  with  earth,  in  order  to  ettinguish  the  fire.     In  this  condition  the  heap  is  left  fa 
twentyfour  hours.     Then  the  layer  of  earth  is  raked  off,  and  dry  earth  thrown  on 
heap  for  the  purpt>se  of  filling  the  InsterKtices  between  the  stiU  red-hot  charcoal,  whic 
becomes  graduidly  extinguished.    As  &oon  as  the  heap  is  quite  cold  externally,  it  ia  once  1 
twice  gently  watered  by  means  of  a  watering-pot,  then  broken  up,  and  the  charcoal  taken  out. 

OubooiMUon  in  D«<i«,       This  mode  of  charcoal-burning  is  in  use  in   Southern  (tormany, 
Russia,  and  Sweden,  and  is  a  continuous  operation  in  so  far  as  tho  wood  i>         '       "v  . 
carbonised,  frcBli  green  wood  being  added  while  the  charei>al  is  withdrawn,      I 
sd^m  into  logs  and  not  heuTi  to  smaller  blocks.     The  carbonisation -bed  is  a  i.    .....^....^r 

wooden  box,   Figs.  304  and   305,   the  latter  being  a  vertical  section.     The    bed  is,  m 
fact,  a  kind  of  kiln,  of  which  aa  are  the  poles  and  onter  logs,  h  the  covcrinp:  layer  of 
earth,    b    tbe   hearth.     Wliile    the    slow    combustion   proceeds    from    6    t 
opposite  end,  the  charcoal  formed  is  gradually  withdrawn.     The  burnt  r,  or  Wt  i 
to  see  that  the  combuRlion  proceeds  regularly  and  keeps  parallel  to  tbe  sidcri  of  ihe  oeu. 

Cwiionii»unii  Jo  otcn*       '^'^^^  proccRs  is  an  imitation  in  brickwork  of  the  carboniKing  proecsi 
crKikii.  in  heaps,  because  tbe  carbonisation  of  the  wood  is  eiJected  by  th« 

combustion  of  a  portion  of  wood  of  the  heap.     Tlie  oveu,  or  kiln,  admits  of  a  more  pcrftm 
collection  of  tbe  products  of  the  dry  distOlaiiun — tar,  pyroligueous  acid,  tte., — but  thi  ^ 
charcoal  is  not  quite  so  good  a»  that  obtained  by  the  preceding  methods.    The  shape  and 
mode  of  construclion  of  these  kilns  may  vary,  aa  will  be  presently  seen. 

Fig.  306  exhibits  one  of  the  most  simply  constructed  kilns.    The  wood  is  placed  eilh*? 
vertically  or  horizontally,  being  thrown  into  the  kiln  thn>iigh  the  np«ning,  a,  or  carried  in 
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ckiboniMtidD  ct  woo«i     ^^G  oarbomsation  of  wood  is  also  effected  in  dosed  Tessels  : — i* 

laOTuii.  2,  In  it] bos  or  eylinderB»  hented  air,  blaBt-fmnaoe  gases,  or  atip 

liMtod  steam  being  sometimes  used  for  the  purpose  of  carboniidng  tbo  wood.     As  records 
thu  QAzboniiAiioii  of  wood  in.  retorts,  Ibis  is  effected  bj  placing  ibe  wood  in  cast-iron 

Fio.  307. 
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or  fiie^olay  retorts,  which  ore  heated  cxtemftll^r,  and  ore  provided  with  pipes  for  conTeying 
Away  the  ToUtUe  products  of  the  carbonisatiou,  this  process  being  carried  on  chiefly  for 

obtaiDiiig  tar  or  wood-gas*     In  the   case  of 
Fio*  308-  tubnlar  kibis,  tlie  firing  of  the  wood  is  effected 

by  the  aid  of  &  Beriea  of  iron  tabes,  placed  in 
the  kiln  and  connected  outside  with  a  source 
of  heat  as  well  as  with  a  chimney-stalk.  Tb© 
hot  air  and  fioine  of  a  fn  111  ace  are  passed 
r-    II,  ,^^^,  A  Ihrongh   these  tubes,  or  may  he  direc^y  led 

'^'        iH^Km  ^^^^^  ^^^^  \dln,  provided  the  hot  air  and  flfllBA 

lire  deprived  of  their  oxygen.  Upon  these 
priiiriplos  is  constructed  the  kiln  inyented  by 
Schwarz,  and  known  as  the  Swedish  kiln,  ii 
which  Fig.  3og  exhibits  a  vertical  section*  b  is 
the  carbonisation  space  enclosed  by  the  bnVk- 
work,  fi.     Through  the  apertures,  r  '  >tj 

air  is  odmiltcd  which  effects  the  car 
The  li(|uid  products  of  the  dry  disUl*itii..« 
collected  on  the  sloping  floor  of  the  kiln 
conveyed  by  means  of  the  syphon- tub«e,  e§ 
into  the  tar-Tessels,  //.    The  Tnpourt  of  tbtf 

Fio.  309. 
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Tolftiil©  fluids  (pyroh'gneoufl  acid,  wood-spirit,  d'c),  pass  through  the  tubes,  g^,  inlo  tlie 
condensing  vessils,  h  /i,  which  are  connected  with  a  high  cbimnc>^  (see  1,  Fig.  5x0),  lo  aid 
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tte  draught  of  the  apparatus.    The  opeDiups^  dd^  serve  for  the  intjoduotioQ  of  the  wood. 
There  are  no  fire-bars  in  the  hearth  of  this  kiln. 

The  caibonisatioti  of  wood  with  the  view  of  produeing  tar  b  best  effected  by  the  method 
in  general  uso  in  Kusda,  of  which  Hessel  ha«  given  (i8Si)  the  following  description. 
The  wood,  generally  of  comferouB  trees ,  i«  cut  np  with  an  axe,  being  distinguished  as 

Fig.  310. 


L 


Brawican  andLnczina;  ti  '  trunk  of  the  trees,  the  latter  the 

I  knotty  roots.     The  wood  is  heaptd  up  tju  a  plut  id  ground,  Fig.  311,  which  is  Bomewhat 

elevated  above  the  level  of  the  soil,  and  U  funnel -shaped,  the  whole  being  coustnieted  of 
i  clay  and  iined  with  roo^g-tiles,  on  which  the  tar  cpUects  and  flows  off  into  a  vessel 
I  placed  in  the  Tault,  as  exhibited  in  the  cut.    The  wood  is  heaped  in  six  to  eight  layers. 

imd  is  first  covered  with  hay  or  dnng,  next  with  a  layer  of  a  few  inches  in  thickness  of 

Btmd  or  earth*      The  wood  In  the  he;ip  is  ignited  at  the  bottom,  where  forty  to  6fty 
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apertures  aro  loft  111  tlio  covmng,  tlnse  uptTtun-H  \KU\g  rios^-ni  usdi  wet  sand  as  soon  as 
the  combustion  of  the  wood  becomes  active,  and  has  spread  throagh  the  whole  heap. 
After  about  aix  days'  smouldering,  the  lop  of  the  heap  falls  in  and  a  strong  fiame  bursts 
out.  After  ten  to  twelve  daya  the  tar  begins  to  collect  and  is  removed  daily.  The 
smouldering  of  the  wood  continues  for  three  to  four  weeks;  tbe  quantity  of  charcoal 
obtained  is  very  small.  According  to  Thenius,  wood-tar  is  obtained  by  a  similar  proo^ 
in  Lower  Austria  from  the  wood  of  the  black  fir,  which  does  not  yield  turpeutine  ;  bat  in 
Bohemjft*  a  very  resinous  wood  is  used  for  tar-making,  too  pai-ts  of  fir  wood  yield  in 
Bujtf^ia  17*6  porta  of  tar  and  23*3  parts  of  charcoal. 

Since  the  year  1S53  there  has  been  in  use  in  Sweden  an  apparatus  for  the  dutillation  of 
tar  fron  wood,  known  as  a  thermo-boiler.  According  to  Hessers  description,  tbia 
apparatus  consists  of  a  boiler-shaped  iron  vessel,  a,  Fig.  312,  of  about  8  cubic  metre« 
capacity,  and  fitted  with  a  man-hole  for  introducing  the  wood.  This  vessel  is  heated  by  a 
lire  at  a,  and  the  ilucs,  hb.    In  order  to  heat  the  wood  rapidly  to  106",  a  jet  of  steam  is 
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forced  into  tbo  Tesscl  through  e.    The  tar  which  might  collect  and  condense  in  the  ^ 
is  oarritHl  off  by  the  aid  of  the  pipe  c  to  d»  while  tho  Vftpours  of  tar  tmd  other 
produciB  are  conveyed  through  d  iuto  n\    Tho  matter  there  oondeneed  flows  tb 
h  to  B,  while  the  more  Toktile  prodncta  arc  rendered  liquid  in  the  condenser,  c, 
combustible  gasoa  are  returned  to  tho  fireplace.     In  addition  to  tar,  there  are,  at  th 
outset  of  the  operation,  also  obtaiuoj  oil  of  turpentine  und  pyroligneoas   ocid.     The 
charcoal,  which  ia  extiu^oished  by  mcara  of  Rtf^am,  is  removed  from  the  boiler  by  the 
opening  n.    According  to  an  investigation  by  Theniu«  f  1865),  with  the  view  of  ascertAini]]^  ^ 
whether  the  tar  obtained  in  making  wood-gas  is  equiatly  fitted  for  naval  purpoBes  ncd  fo 
boiling  down  to  pitch  as  the  tar  obtained  hy  other  methods,  it  was  fonnd  that  ^ 
the  cafie.     This  ugreos  with  Dr.  Owdt^n's  researcheB,  made  at  his  extensive  act! 
wood-spirit  workb  at  Sunderland^  where  the  tar  obtained  is  burnt,  or  used  with 

Fio.  31a. 


fire-cUy  for  making  a  kind  of  aEipholto.     Owing  to  the  oheap&eas  of  cod  in  the  looditjj 
the  wood-charcoal  ia  almost  a  waste  product,  *  ^ 

pnv«FtiMof  cbKreoai.      We  distingaifih  between  hard  wood  and  Boft  wood  charcoal,  and 
as  regards  the  latter*  again  between  charcoal  obtained  from  leaf-bearing  trees 
from  coniferous  trees.     According  to  the  degrees  of  carbonisation,  wo  distiiigiiislil 
between  well-burnt  black-coal  and  the  so-called  cJuirbon  roux^  a  more  or  less  deofi 
brown  terrified  charcoal,  often  used  in  gunpowder  making. 

According  to  the  aize.  charcoal  is — ^at  least  abroad — divided  into  \— 

1.  Coarse  log-coal,  the  largest  and  most  compact  lumps. 

2.  Forge-coal,  compact  lumps  about  4  inches  diameter. 

3.  Coal  from  the  centre  of  tlie  heap,  smiill  lumps  and  porous. 

4.  Small  coal,  nut  and  pebble-sized  lumps,  mixed  T\ith  dust 

5.  Raw  coal,  or  not  well-burnt  lamps. 

As  regards  tlie  yield  of  charcoal  by  bulk,  this  may  be  referred  eitlier  lo  tlie 
volume  of  the  mass,  after  deduction  of  interstices  present  in  tlie  heap,  or  to 
apparent  volume  wiLliuut  tliat  deduction  being  made.     We  can  compare  : — 

<T,  The  apparent  Yohuno  of  the  wood  with  tho  apparent  volnme  of  the  charcosL 
Ik  The  real  volume  of  the  wood  with  tho  real  volume  of  the  charcoal.     , 
e.  The  real  volnme  of  the  wood  witli  the  apparent  volume  of  the  charcaal 

The  first  method  may  be  called  the  production  according  to  tlie  apparent 
Tolome  (I,) :  the  second,  the  yield  according  to  the  real  volnme  (II.) ;  Ihs  third,  tht 
yield  according  to  botlj  volumes  (lU,)  \— 
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Method  (I.)  gives  the  following  results : — 

Oak  wood    yr8 — 743  per  cent  charooaL 

Red  beech  wood 730  „  „ 

Birch  wood 685  „  „ 

Dwarf  beech  wood  (as  grown  for  hedges  abroad)  572  „  „ 

Fir  wood      636  „  „ 

According  to  tlie  real  volume  (II.)  the  average  of  several  experiments  gave  a  yield 
of  476  per  cent.  According  to  both  volumes  (III),  the  following  results  were 
obtained  at  Eisleben  :— 

Oak  wood     

Red  beech  wood 

Birch  wood 

Dwarf  beech  wood 
Fir\Viood       

^'""''^hiJiiL^**®**"      Omitting  the  small  quantities  of  hydrogen  and  oxygen  present  in 
charcoal,  its-average  composition  in  air-dry  state  is  the  following : — 

Carbon    ,    85  per  cent 

*•    ,  •  Hygroscopic  water        12     „     „ 

Ash 3     ,.     „ 

**H2S2i*Eflc^**  The  combustibility  of  freshly  burnt  charcoal  is  very  great,  for  it 
continues  to  burn,  with  proper  access  of  air,  when  once  ignited ;  but  -as  charcoal 
does  not  contain  any  volatile  combustible  matter,  it  requires  a  great  heat  to  become 
ignited,  more  especially  as  it  is  a  very  bad  conductor  of  heat. 

The  heating  eflfect  of  various  kinds  of  wood-charcoal  is  shown  by  tlie  figures  of  the 
subjoined  table,  the  heating  effect  of  carbon  being  taken  as  the  unit : — 

o 
So' 

28 


Weight. 

Apparent 
.  volume. 

Both 
volumes. 

2 1  3  per  cent 

7 1  "8  per  cent 

987  per  cent 

227     „    „ 

730     ..     ». 

1004     »     M 

209     „     „ 

■68-5     .,     ., 

942     „     » 

206     „     „ 

57'2     ..     „ 

786     „     ,. 

250    „     „ 

636     „     ,, 

872     „     „ 

part  of 
barcoal  re- 
uces  of 
jad. 

part  of 
barcoal 
eats  water 

1 

'0 

i 

< 

CQ 

Ph 

M    wd  .ij      M    «^ 

Well-burnt  charcoal, 

air-dry    ... 

...          097 



2450 

"""                        75 

Well-burnt  charcoal. 

quite  dry 

...          084 



2350 

—           "g 

Birch  wood 

i» 



020 

3371       ^ 

Ash  wood 

«f 



0  19 

— 

—             l^ 

Red  beech  wood .. 

!• 



018 

— 

3357         ^ 

Red  fir  wood       „ 

...            

017 

— 

33-51         * 

Sycamore  wood  „ 

„ 



016 

— 

CO 

—       s 

Oak  wood            „ 

t« 



015 

— 

3374         £! 

Alder  wood         „ 

»» 



013 

— 

3240         cs 

Linden  wood 

J» 



010 

— 

3279         § 

Fir  tree               „ 







33*53         a 

Willow  wood       ,. 

tt 

...            — 

— 

— 

3349        ^ 

The  evaporative  power  of  fir  wood  charcoal  containing  10*5  per  cent  of  water  and 
27  per  cent  of  ash  amounts  to  675  kilos.,  viz.,  i  kilo,  of  the  charcoal  evaporates 
675  kilos,  of  water.  This  charcoal,  in  perfectly  anhydrous  state  and  with  3*02  per 
cent  ash,  evaporates  759  kilos,  of  water. 

''*'*^(5iSiJ**"*'^***      -^^s  the  complete  carbonisation  of  wood  entails  a  loss  of  about 
40  per  cent  of  fuel,  it  has  been  recently  tried  to  prepare  a  kind  of  charcoal  exhibiting  a  ' 
orown-black  colour,  and  obtained  from  wood  by  torrifying  rather  than  by  carbonising 
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it,  experience  having  shown  that  such  a  charcoal  ia  ohtained  when  tlie  air-diy 
wood  haa  lost  by  torrifyiiig  some  60  to  70  per  cent  of  iU  weight.  This  kind  of  char- 
coal is  intermediate  to  real  black  charcoal  and  kiln-dried  wood ;  it  contains  mor 
oxygen,  is  readily  pulvoriaed,  but  is  less  porous  than  either  kiln-dried  wood  opI 
ordinary  charcoal,  than  which  it  is  far  more  inflammable,  and  ia  hence  preferred  in 
gunpowder  making.  Charbon  roux,  or  torrified  charcoal,  is  a  very  useful  and 
important  fuel  for  industrial  and  metallurgical  purposes. 

Freshly  prepared  torrified  charcoal  has  the  following  oompositioQ : — 

Carbon 74-0  per  cent 

Chemically  combiued  water     24' s     •»     *♦ 

Ash r5     „     ». 

Th«  composition  of  this  charcoal  after  keeping  is  :— 

Carbon 665  per  cent 

Chemically  combined  water     22'0    „    „ 

Hygroscopic  water    100    „     ,» 

ASH      ••,     •«,     •<•     •*•     «,»     .««     «.t      1  ^    ,«    ft 

BoMtedwnod;       l^he  Afisooiation  for  Promoting  ChemiOAl  Industry  at  Mumfi  prepares  j 
BoiiBoax.     intermediate  product  to  wood  and  torrified  charcoal,  to  which  Ih©  nan 
red  wood  (roneted  wood,  boig  r&uj)  is  given .    It  ia  mado  from  beech  wood,  and  is  tbo  1 
product  of  the  preparation  of  acetic  acid  and  creosote.     It  hns  aU  the  external  appearancettl 
of  wood,  but  the  colour,  which  is  deep  brown.    It  is  highly  infliLmmable,  and  consists  on 
an  average  of : — 

Carbon  . . 5266  per  cent 

Hydrogw ..     ..      578    „    „ 

Ash ..      o'43    „    „ 

Water  (moisture  or  constitutional  ?}  •      4*49    „    „ 
Oxygen 36-64    „    „ 

Accnrdmg  to  R.  Frescniue's  researche«i  the  evaporative  power  of  air-diy  b^ech  wood  is 
to  that  of  boU  roux  as  54*32  :  100. 

Pt-aL 
fMi      Tliis  is  the  product  of  the  spontaneous  decay  of  vegetable  matter^ 
especially  of  marsh  plants,  mixed  witli  various  mineral  matters,  sand,  day,  marl, 
lime,  iron  pyrites,  iron  ochre,  Ac.    Peat  is  especially  fonned  in  places  where  ahftUow, 
stagnant  pools  of  water  abound,  in  which  the  plants  grow,  while  at  the  same  liin«| 
tlie  peat  is  precluded  access  of  air.   The  following  plants  are  chiefly  met  with  in  peat' 
bogs  and  form  the  peat: — Enophorum^  I^rica,  Calluna,  Ltdum  palustrCt  Hypnum^ 
mid   also   Sphagnum,  a  plant  especially  fitted  for  the  formation  of  peat,  becaos^j 
it  never  wholly  dies,  but  continues  to  vegetate  towards  the  surface  of  the  wat«r  < 
bog,  while  the  older  parts  decay* 

The  different  qualities  of  peat  are  partly  due  to  the  plants  fi*om  which  the  peat  is 
formed,  but  chiefly  to  the  more  or  less  complete  decay  these  plants  have  undergone, 
to  the  mineral  substances  mixed  vdtli  the  peat^  and  to  tlio  compression  to  wlu 
it  has  been  submitlud  by  the  weight  of  other  mineral  materials  deposited  uf 
it.  Abroad,  and  in  countries  where  peat  abounds,  several  varieties  nro 
Ungmshed,  such  as— i.  Moor  peat,  chiefly  derived  from  kinds  of  Spha^um, 
found  in  several  parts  of  the  United  Kingdom  as  very  young  peat — for  instance,  at 
Aldershot,  and  on  moor  lands.  2,  Heath  peat,  in  Holland  known  as  pla^genturf,  ii 
the  surface  soil  of  heather-growing  places.    3,  Meadow-land  peat,  decayed 
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grass  mixed  with  a  soft  subsoil.  4.  Wood  or  forest  peat,  met  with  in  forests, 
and  formed  by  the  decayed  wood,  leaves,  &c.  5.  Marine  peat,  formed  by  the  decay 
of  sea  plants,  various  kinds  of  Fucus,  &c. 

Peat  is  directly  obtained  by  simply  cutting  it  with  a  spade  from  the  surface  of  the 
soil,  either  with  or  without  the  necessity  of  first  removing  a  layer  of  other  soil, 
while  some  peat  can  be  obtained  only  by  dredging  for  it  under  water.  In  the 
latter  case  a  mud  is  dredged  up  which  (as  happens  in  Holland,  where  the  land  peat  is 
known  as  hoog  veen,  while  the  peat  from  under  water  is  termed  laag  veen),  has  to  be 
dried  gently  in  open  air,  and  afterwards  cut  up  in  brick-shaped  lumps,  and 
further  air-dried.  Peat  is  often  artificially  compressed  for  the  purpose  of  obtaining 
a  more  compact  fuel.  The  quantity  of  water  contained  in  freshly  dug  peat  is  very 
large,  and  by  keeping  this  peat  in  dry  situations  it  may  lose  45  per  cent  of  its 
original  weight.    Assuming  the  organic  matter  of  peat  to  consist  of — 

Carbon 60  per  cent. 

Hydrogen    ,     ...        2        „ 

Water 38 

The  best  solid  air-dry  peat  consists  of — 

Solid  peat  mass  (inclusive  of  ash)     75  per  cent. 

Hygroscopic  water        25        „ 

orof— 

Carbon       45*0  per  cent. 

Hydrogen 1*5        „ 

Chemically  combined  water    285        „ 

Hygroscopic  water 255        „ 

The  following  analyses  exhibit  the  composition  of  peat-ash,  which  is  characterised 
by  containing  a  far  larger  quantity  of  phosphoric  acid  than  wood-ash. 

According  to  E.  Wolff,  two  kinds  of  peat-ash  from  the  Mark  (a  and  b),  and  another 
from  South  Bavaria  (<?,  analysed  by  Dr.  Wagner)  contain : — 

a.  b.  c. 

Lime      15*25  2000  1837 

Alumina 20*50  47'oo  45'45 

Oxide  of  iron        550  7*59  7*46 

Silica      4i'oo  1350  2017 


Phosphate  of  calcium  and  gypsum  ...        310  2*60 

Alkali,  phosphoric' 
acid,  sulphuric 
acid,  &c. 
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XhryinR  Peat  The  use  of  peat  as  fuel  and  its  value  as  such  depend  in  a  great  measure 
upon  the  quantity  of  water  and  the  mineral  substances  it  contains.  Peat  may  be 
more  or  less  dried : — 

1.  By  exposure  in  stacks  in  open  air,  or  better  in  sheds  "where  the  peat  is  protected 
from  rain,  but  where  a  free  circulation  of  air  obtains.  Air-dried  peat  contains  25  per 
cent  water. 

2.  By  artificial  heat,  kiln  drying  at  100°  or  120**,  in  kilns  or  stoves  heated  by  a  distinct 
fire-place,  or  by  waste  heat  from  other  operations. 

3.  By  compressing  peat.  The  compression  has  the  following  advantages: — a.  Ben- 
dering  the  peat  more  compact  and  thus  increasing  its  pyrometrio  effect.  I,  Lessening  its 
bulk,  and  consequently  lessening  the  cost  of  transport  .by  water,  in  which  mode  of  trans- 
port the  cost  is  calculated  by  bulk  or  cubic  measurement,     e.  The  compression  aids 
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the  drjricg.  The  operation  of  compressing  freshly  dug  peat,  smipLe  as  it  appears,  haa  bean 
fotind  in  practice  to  bd  accompanied  with  difficulties  wtiicb  hitherto  have  not  been,  and 
are  not  likely  to  be,  oTcrcome,  for  several  reasons ,  among  which  is  the  fact  that  peat,  as  a 
heterogeneous  material,  cannot  be  dealt  with  satisfactorily  by  compression.  But  a  step  in 
the  right  direction  towards  the  uitlisation  of  the  enormous  masses  of  peat  soil  has  been 
made,  by  submitting  the  soil  first  to  a  kind  of  grinding  llMviatloni  which  converts  it  into  a 
homogeneous  mass,  from  which  the  greater  part  of  the  mineral  matters  can  bo  eliminated. 

In  the  works  at  Btaltacb,  near  Munich,  the  following  process  has  been  introdnoed 
by  Weber  for  preparing  peat.  The  peaty  material  haying  been  brought  from  the  moor  in 
lumps  is  put  into  a  kind  of  pug-mill  moved  by  steam-power,  and  which  reduces  the  peaty 
substance  to  a  uniform  paste.  This  paste  is  moulded,  compreesedf  and  dried  in  a  stoTe. 
Sohlickeysen  has  invented  a  machine  of  improved  coDstmction ;  In  its  application 
it  is  nDneoessary  to  pour  any  water  on  the  peaty  material,  oonaeqaently  the  drying  pro- 
0638  is  le»s  tedious  and  expensive.  Dr.  Versmann's  peat-preparing  machine  conaiaU 
cMeiy  of  a  funnel-shaped  stout  sheet^iron  vessel  provided  with  small  holes  on  iU 
periphery  and  internally  fitted  with  an  iron  oore-piece«  which  bears  cutlers  fastened 
Bpirally  on  its  surface.  By  the  action  of  these  cutters  the  peaty  matter  is  reduced 
a  pulp,  and  in  that  state  issaes  from  the  holes,  while  any  coarse  particles,  such  as  i  ' 
(»f  root,  vegetables,  dc,  are  discharged  at  the  lower  opening  of  the  funnel-eJ 
iron  vessel.  On  the  Haspel  moor  peat  bog  situated  between '  Augsburg  and  Unnich, 
there  has  been  in  use  up  to  the  year  1856  a  peat-preparing  machine,  originally  invented 
by  Eiter,  at  Munich,  and  consisting  essentially  of  solid  iron  cylinders,  provided  with 
strong  teeth  6  centims.  long,  and  arranged  in  the  same  manner  as  obtains  in  bone- 
cmshing  mill  a.  The  peaty  material  is  reduced  with  the  aid  of  water  to  a  pulp,  which 
is  next  proBRed,  moalded,  and  dried.  The  unreduced  vegetable  matter  and  roote  Ase 
separated  from  the  peaty  nmss  by  the  machine.  Challtiton's  peat*preparing  machine, 
invented  in  1S24,  and  worked  at  Muntanger,  near  Corbcil,  Seine  et  Oitio,  France,  oontlsta 
of  a  set  of  cylinders,  1*3  metres  in  length,  and  fitted  w^ith  cutters.  The  peaty  maw  i« 
first  out  into  shreds  and  is  next  transferred  to  another  portion  of  the  machinery,  in  tho 
particulars  of  iU  construction  very  similar  to  a  coffee  mill.  With  the  assistance  of  some 
water  the  peaty  material  is  converted  into  a  palp,  which  ia  next  Uxiviated,  and  thus 
deprived  of  mineral  impurities.  The  thin,  pasty,  peaty  mass  is  run  into  a  large  tank  or 
pit  dug  in  the  soil,  and  left  there  until  it  has  acq^uired  suflicienteonsiateney  to  bemonlded* 
This  mode  of  treating  peaty  matter  has  been  employed  at  Rheima  and  St.  Jean  on 
the  EielcT  Lake,  Switzerland.  By  ChaUeton'a  process—- j 00  cwt«,  of  peaty  material 
{itten)*  Yield  14  to  15  owts,  of  peat,  containing  about  seven-eighths  lesa  ash  than  in 
nattiral  btute. 

It  is  evident  that  a  process  of  lixivia tion,  however  suitable  in  regard  to  its  application  to 
peaty  matter,  is,  in  a  certain  nense,  an  irrational  mode  of  treating  a  substance  which  haa 
to  be  again  dried  thoroughly,  and  which,  oven  after  being  submitted  to  tbe  several 
operations,  is  not  a  fuel  equal  to  coaL  It  is,  therefore,  a  very  great  improvement  in 
the  utilisation  of  peat-soil  that  tbe  peaty  matter  should  be  treated  in  R  different  mann«r, 
or  by  the  so-caUed  dry  compression  process,  as  carried  out  by  Gwynue  and  Exti^r. 
According  to  this  method  tho  peaty  masii  is  first  deprived  of  its  natural  excess  of  water  by 
meo&a  of  a  hydro-ex tnui tor ;  next  pulped,  and  this  pulp  dried  by  artificial  means ;  the 
mftteiiftl  obtainod  is  ground  to  powder,  which  is  finally  moulded  with  the  aid  of  strong 
proBSore  and  the  simuiltaneoiis  appltcation  of  heat.  The  peat  thus  prepared  is  of  a  deep 
brown-black,  a  hard,  stone-like  material,  excellently  suited  for  use  as  fuel,  eiipeciaUjr 
for  manufacturing  and  metallurgical  purposes.  Another  process  of  p^at  preparation  con- 
Btflts  m  Arst  cutting  and  drying  the  peat  in  air.     The  nir  dri^  I  ground  to  a  ooene 

powder  and  then  dried  in  a  stove.    The  dried  peat  is  im  <iil>1>  ^  d  by  means  of  an 

eceentrie  press,  heat  (50^  to  60*')  being  simultaneously  applikj,  ^  ■....6  from  the  Kolber 
moor  (d),  and  from  Haspel  moor  (fi),  thus  prepared,  were  found  to  contain  in  loo  parts: — 


a. 

6. 

Ash     ..     .. 

rzi 

S34 

Water 

1550 

15-50 

Carbon      . . 

46-98 

49-82 

Hydrogen  . . 

4-96 

4'35 

Nitrogen    * . 

072  ( 
27-63  J 

Oxygen 

26  9^ 

lOO'OO 


100*00 


*  There  is  no  word  in  English  equivalent  to  ihe  Dutch  Vfcitt  a  term  appUeohle  to  all 
soils  which  consiKt  either  entirely  or  chiefly  of  peaty  matter.  There  ta  so  equivalent 
term  also  in  OermaDt  but  there  is  in  the  Danish  and  Bnssian  languages. 
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Hoatinf  Efleetof  PMt.       The  combustlbillty  and  inflammability  of  peat  are,  owing  to  the 
large  quantity  of  ash  and  water  it  contains,  less  than  that  of  wood. 
According  to  Karmarsch  the  absolute  heating  efiect  of: — 

100  kilos,  of  yellow  peat  =       946  kilos,  of  air-dry  fir  wood. 

100       „        brown     „  =      1076       „  „  „ 

100        „        hard        „  =      104*0       „  „  „ 

100        „        pitch       „  =      1 107       „  „  „ 

100  cubic  metres  of  yellow  peat  ^       332  cubic  metres  of  fir  wood. 
100  „  brown      „     =        897 

100  „  hard        „     =      i44'6      „  „  „ 

100  M  pitch       „     =      184-3       ».  "  •» 

These  results  agree  with  those  obtained  by  Brix.    Karsten  states  that  for  evapora- 
tive and  boiling  operations — 

2\  parts  by  weight  of  peat  are  =  i  part  by  weight  of  coal 
4    parts  by  volume         „  =1  part  by  volume      „ 

According  to  Vogel,  the  evaporative  effect  of  peat  is  the  following : — 

Water.  Eyaporativo  effect. 

Air-dry  fibre     10  per  cent  5-5  kilos. 

Machine-made  peat...  12 — 15     „  5*0—5*5  ,. 

Compressed  peat     ...  10 — 15     „  58 — 60  „ 

New  Method  of  During  the  last  twenty  years  peat  has  been  employed  for  the  preparation  of 
utiiiringPcat.  paraffin,  peat-creosote,  and  paraffin  oil.  As  far  back  as  the  year  1849,  Reece 
tried  to  utilise  Irish  peat  in  the  preparaliou  of  paraffin;  and  the  experiments  of 
Drs.  Kane  and  0*  Sullivan  proved  that  i  Ion  of  Irish  peat  yielded  about  1*36  kilos,  of 
paraffin,  9  Utres  of  paraffin  oil,  and  4*54  litres  of  lubricating  oil.  According  to  Wagen- 
mann,  the  peat  of  the  Isle  of  Lewis,  Scotland,  yields  from  6  to  8  per  cent  tar,  and 
this  again  yields  2  per  cent  of  photogcn  or  paraffin  oil,  1*3  per  cent  of  solar  oil,  and  0*33 
per  cent  of  paraffin. 

Carbonised  Peal. 
owbonitod  Peat.  In  many  parts  of  Germany,  and  of  all  countries  where  peat  bogs 
abound,  the  use  of  peat  as  fuel  is  out  of  all  proportion  to  tlie  enormous  quantity  of 
material  left  untouched  ;  this  is  due  to  the  fact  that  pent  is  as  fuel  in  many  respects 
a  very  inferior  material.  Its  bulk  in  reference  to  its  heating  effect  is  very  large ;  its 
combustion  evolves  a  very  disagreeable  odour  and  pungent  smoke,  so  that  peat 
is  therefore  not  suited  for  heating  rooms.  On  this  account  peat  is  carbonised.  As 
peat  varies  greatly  in  composition,  the  carbonised  peat  or  peat-coke  also  varies,  and 
the  composition  of  the  peat-coke  may  be  represented  as  follows : — 

Superior  quality.        Inferior  quahty. 

Carbon    86  34 

Hygroscopic  moisture 10  10 

Ash 4  56 

Nothing  is  known  as  to  the  absolute  and  specific  calorific  effect  of  peat-coke,  since 
no  experiments  have  been  instituted.  Ordinary  peat-coke  appears  to  approximate 
charcoal  in  its  specific  calorific  effect,  but  peat-coke  is  otlierwise  inferior  to  charcoal 
because  it  is  less  dense,  and  cannot  on  account  of  its  dusty  ash  produce  an  intense 
heat.  Peat-coke  is  not  suited  for  fuel  in  blast-furnaces  or  other  metallurgical  opera- 
dons,  but  answers  well  for  heating  steam  boilers,  evaporating  pans,  and  similar 
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apparatuB.  But  peat-coke  made  from  compressed  peat  is  a  lughly  valaaMe  fuel  for 
meiallargical  operations,  so  tliat  it  becomes  a  matter  of  importance  to  Hud  a  means  of 
GompressiDg  peat  iDexpensivelj.  In  Holland,  peat,  especially  that  knoi^ii  as  span 
turf,  or  koogevemsche  turf,  is  very  largely  used  for  industrial  purposes,  and  on 
account  of  not  containing  sulphur  is  used  nt  the  Utroclit  mint  for  melting  silver  and 
gold. 

Br&wn-Ooal, 
Brown^oai.  TMs  mineral  fuel  is  also  the  product  of  a  peculiar  decomposition  of 
wood,  but  the  decay  has  in  this  instance  been  more  complete.  It  is  not  easy  to  draw 
tt  clear  lino  of  demarcation  between  brown-coal  and  coal,  when  only  the  properties  of 
Uicse  substances  are  to  be  considered.  Therefore  the  pala?ontological  and  geological 
relations  have  to  be  taken  into  account  when  it  is  required  to  estimate  the  value  of  a 
fossil  fueL  In  general  it  may  be  said  that  any  fossil  coal  of  more  recent  date  than 
the  clmlk  formation  may  be  termed  brown-cool ;  ivhile  all  fossil  coals  found  below 
the  chaik  formation  are  really  pi t-coaL  As  tlie  latter  contain  more  nitrogen  titan  th« 
former,  this  fact  may  be  utihsed  in  testing  to  distinguish  between  pit-coal  and  brown- 
coal.  Brown-coal»  on  being  heated  in  a  dry  test-tube,  yields  fumes  which  exhibit  an 
acid  reaction » because  brown- coal  is  somewhat  similar  to  cellulose ;  whereas*  if  the 
same  test  be  applied  to  pit-coal,  ammoniiical  fumes  are  given  off  (containing 
ammonia,  aniline,  lepidin,  &c.),  which  exhibit  an  alkaline  reaction.  When  finely  pul- 
vaised  pit^coal  is  boiled  for  some  time  witli  a  rather  concentrated  solution  of  caustic 
potaah,  the  fluid  remains  colourless  ;  but  when  brown -coal  is  similarly  treated^ 
the  hquid  becomes  brown- coloured  by  the  formation  of  humate  of  potash.  This  teat 
does  not,  however,  apply  to  Uie  brown-coal  found  in  the  tertiary  formation  of 
the  northern  slope  pf  tJie  Alps.  E.  Richter  and  Ilinrichs  state,  that  when  pit-cook 
are  dried  at  115^  and  caused  to  lose  a  very  small  quantity  in  weight,  this  loss  disap- 
pears again,  in  consequence  of  fia  oxidation  which  takes  place ;  while  if  brown^coal 
is  fio  treated,  the  fiubse(|uent  increase  in  weight  is  not  observed. 

According  to  the  various  degrees  of  decay,  several  kinds  of  brown-ooal 
distinguished: — i.  Fibrous  brown-coal,  fossil  or  bituminous  wood,  lignite,  is 
to  wood,  the  structure  of  stem,  branches,  and  roots  being  apparent,  2.  Commi 
brown-coal  forms  compact  brittle  masses,  exhibiting  a  conchoidul  fiacture-  3.  Bartby 
brown-coal  is  a  mixture  of  brown- coal  and  earthy  matter.  In  several  parts  of  Ger- 
many and  tlie  Auatro- Hungarian  Empire,  brown-eoal  of  excellent  quality  is  found, 
especially  suited  for  the  purpose  of  preparing  pnrafl&n  and  paraffin  oils. 

Brown- coal  is  frequentl}'  found  mixed  witli  tlic  rhombic  variety  of  i  ron  pyrites.  When 
that  mineral  and  earthy  matter  predominate,  there  is  formed  what  is  termed  alum- 
shale,  under  which  niime,  liowever,  is  also  known  a  kind  of  clay  mixed  with  bitumen 
and  iron  pj^rites.  The  average  tfuantity  of  ash  contained  in  brown-cools  amounts  to 
5  to  ID  per  cent.  Tht?  asli  contains  chiefly  alumina,  silica,  lime,  magnesia,  oxides  of 
iron  and  manganese ;  whOo  the  quantity  of  liygroscopic  moisture  in  fresljly  dug 
brown-cool  may  amount  to  50  per  cent.  The  substance  contains  in  air-dry  state 
20  per  cent  water,  and  the  average  composition  of  brown-coal  may  therefoj 
be  quoted  as  :■ — 

Carbon     ...     ... 48 — 56  per  cent 

Hydrogen ,.     ...  i — 2  ,» 

Chemically  combined  water 31 — 32  ,. 

Hygroscopic  water  ...     , ,,     ,„  20  •• 


>al  aa^^i 


FUEL, 


7x7 


The  combustibility  of  brown-coal  is  less  than  that  of  wood,  while  its  inflamma- 
bility varies  between  that  of  wood  and  pit-coal.  The  heating  effect  of  brown-coal 
is  with — 


t^-s 

PI 

1 

< 

St 

Air-dry  fibrous  brown-coal,  containing  20  and    0 

048 

0-55 

»•            »»              »» 

20   „ 

10 

0-43 

— 

„      earthy 

20    ,, 

0 

0*6 1 

079 

»»            »»              »» 

20   .. 

10 

055 

— 

„      conchoidal    „                 , 

20      ,. 

0 

069 

0-88 

f»                      »»                          !• 

20      ,. 

10 

0-62 

— 

Kiln-dried  fibrous  brown-coal 

♦             20      „ 

0 

o'6i 

— 

♦t            f>                »» 

20      „ 

10 

0*55 

— 

earthy 

20      „ 

0 

076 

-- 

ff            »»                »» 

20      „ 

10 

069 

— 

„       conchoidal     „ 

20      „ 

0 

0-85 

— 

It            »»                i» 

20      „ 

10 

076 

— 

1800 


1975 


2050 


2025 


2125 


220O 


It  appears  from  this  table  that  the  absolute  and  pyrometric  calorific  effect  of  air- 
dry  brown-coal  is  more  than  twice  that  of  kiln-dried  wood ;  and  this  remark  applies 
to  the  specific  calorific  effect  of  brown-coal,  which  is  more  than  twice  that  of  the  best 
wood. 

The  evaporative  effect  of  brown-coal  is  the  following : 

Evaporative  eflfect. 

jent.        5*84  kilos. 

576     " 

555     M 

5-08     ,. 

Brown-coal  as  FaeL  Biown-coal  is  a  less  suitablo  fuel  and  its  applications  are  far  more 
limited  than  those  of  pit-coal,  for  brown-coal  cannot  bo  used  in  those  cases  where  a 
caking  coal  is  required.  Brown-coal  is  useful  as  fuel  for  certain  chemical  operations — dis- 
tillation, evaporation,  &c. — and  may  bo  used  for  heating  rooms  in  dwelling  houses,  when 
burnt  in  well-constructed  stoves.  Earthy  brown-coal  is  not  well  fitted  for  use  as  fuel, 
unless  it  has  first  been  Uxiviated  with  water,  moulded  into  bricks,  compressed,  and  dried. 
It  has  been  found  in  practice  that  brown -coal  freshly  dug  is  a  better  fuel  than  brown-coal 
which  haa  been  exposed  to  the  air  for  some  time,  because  by  the  combined  action  of  air 
and  moisture,  even  when  the  material  does  not  contain  pyrites,  a  slow  combustion  takes 
place,  whereby  the  combustibility  of  the  material  is  greatly  impaired.  As  already 
observed,  from  brown-coal  paraffin  and  paraffin  oils  may  be  extractive] 

Pit-coaU  or  CoaL 

coaL  Iron  ores  and  coal  are  the  most  useful  minerals,  and  the  most  important  of  all 
inorganic  products  of  nature.  Without  coals  the  industry  of  the  world  as  now 
existing  would  have  been  simply  impossible.  Coals  supply  heat  and  are  a  source  of 
power ;  and  cheap  coal  is  a  most  important  incentive  to  extensive  industry. 

Coals  are  the  mummified  and  carbonised  remnants  of  an  ancient  fiora  belonging  to 
a  former  phase  of  existence  of  our  globe ;  and  they  exist  as  a  distinct  geological  for- 
mation, which  extends  in  some  localities  over  an  area  of  several  square  miles. 
^s  regards  the  mode  of  formation  of  coal  different  opinions  are  current.     The 


Water. 

Ash. 

Bohemian  brown-coal 

287  per  cent. 

IO-6 

Bituminous  wood     ... 

237        »» 

39 

Earthy  coal       

472 

4-8 

Lump  coal        

477 

31 
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eimplest  view  is  thitt  a  peculiar  kind  of  decay,  aided  by  the  intemid  Jaeat  of  mo 
eartli,  atid  modified  by  the  pressure   of  BUperiucumbcnt  rocks  and  acdimcut     " 
deposits,  has  taken  pbice  among  Uie  plants,  which  have  been  gradually  conver 
into  a  morti  or  less  pure  carbon.     Hence  anthracite  is  a  nearly  pure  carban ;  wlii 
tlie  different  varieties  of  cool  which  contain  bituminous  and  volatile  matter 
lesa  completely  decayed.     The  hydrogen  and  oxygen  escape  in  combination  withT" 
carbon  as  marsh-gas  and  carbonic  acid  aod  aspetroieum.   Anthracite  must  be  viewed 
as  tlie  find  product  of  tlie  slow  process  of  decay  through  which  brown-cool  and  pit- 

coal  pass,  ^    ,  „   ,  i% 

Carbon.      Hydrogen,    Oxygen. 

52'^5  S'^5  42- 

60-44  596  5i 

., 6696  5-27  27- 


Cellulose  ...  »- 
Peat  from  Vulcaire 
Lignite 


Eartliy  brown-coal     74*20  5-89  19*9 

Coal  (secondary  formation)       .,.     , 7618  5*64  180 

„     (coal  „       )       90-50  5*05  4-40 

Anthracite    » .-     ...  9285  596         '     3-19 

The  most  important  explored  coal  deposits  in  Europe  ore : — In  England  :*  The 
South  Wales  coal  formation  extending  over  an  immense  area;  tlio  Staffordshire  and 
Yorkshire  coal  basins,  the  latter  of  which  stretches  to  the  Dui'liam  and  Northu 
berland  basins,  and  these  again  to  those  met  with  in  the  Southern  parts  of  ScotlandJ| 
2,  la  Belgium :  The  basin  of  the  Maas,  near  Liege,  and  tliosc  of  llio  Sambre  and 
of  Mous.  3.  In  France  :  Tlie  butiins  of  tlic  Loire,  of  Valenciennes,  of  Creuzot  and 
Blanzy,  of  Aubin,  of  i^lais.  4.  In  Gennany :  The  Silesian  coal  ba;5in,  those  of  th^ 
Saar,  of  the  Ruhr,  n  tributary  river  of  the  Rhine,  the  basins  near  Zwickatt  and 
Plauen,  &c.  5,  In  Austiia :  the  Bohemian  coal  basin  at  PUsen,  and  tliose  of 
Brandau  and  Sehlau.  Tlie  largest  of  tlie  European  coal  deposits  or  basins  is  very 
small  compared  AviUi  those  situated  iu  North  America.  The  largest  of  the  American 
deposits  is  that  which  stretches  from  near  Luke  Erie  to  the  Tennessee  nver.  through 
the  slates  of  Peimsylvania,  Virginia,  Kentucky,  Tennessee,  and  known  bm  the 
Apalachian  coal  tield.  The  coal  fields  of  lUinois  and  of  Canada  arc  not  much 
smaller* 

^''*'***3[cS"^''*'*"  ^'^^  pyrites,  or  mundic,  as  the  pitmen  temi  it.  ia  in  the  t^seral 
or  in  the  rhoml>ic  shape,  a  very  common  accessory  constituent  of  coal,  which 
by  being  impregnated  with  this  material  may  not  only  become  unlit  for  use  in 
certain  operations,  but  is  liable  to  crumble  to  dust,  as  i«  the  case  with  many  kinda  of 
the  Welsh  coals  whicli  are  tlioroughly  incorporated  witli  pyrites,  because  the  pyrites 
on  coming  into  contact  ivith  air  are  oxidised  and  increase  iu  bulk,  forcing  the 
coal  asunder.  Tliis  oxidation  may  become  so  active  as  to  give  rise  to  spontaneous 
combustion  of  the  coal  even  in  tlio  seams-  Galena,  copper  pyrites,  and  black-jack 
(native  black  sulphiiret  of  zinc),  also  occur  occasionally  in  coal.  Among  the  earthy 
unnerals,  carbonate  of  lime,  gj^psum,  heiivy  spar,  clay»  ironstone,  and  blackbond  (an 
iron  ore),  arc  frequently  met  wiOi, 

cikMiiteAtioti  of  Cboi*.  Abroad  coals  are  classified' with  respect  to  their  behaviour  under 
combustion,  as — i.  Caking  coals,  which  on  Imving  been  reduced  to  powder  and  then 

•  The  yield  of  coals  in  preat  Britain  is  annually  increuHing,  for  in  i860  it  amoanted  to 
80  millions  of  tons ;  in  18GS  to  104  millions  ;  in  iMq  to  loS  milUons;  and  in  1870  to  tt} 
millions  of  tons. 
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ignited  in  a  closed  crucible  to  red  heat,  cake  together.  2.  Sintering  coals,  the 
powder  of  which  agglutinates  without  fusing.  3.  Sandy  coals,  the  powder  of  which 
neither  cakes  nor  agglutinates  when  ignited.  In  England  coals  are  usually  classified 
as — I.  Gas  coal.    2.  Household  coal.    3.  Steam  coal. 

Comparing  the  elementary  composition  of  tlie  coals  with  tlieir  chemical  and 
physical  properties,  it  appears  that  caking  coals  contain  a  bitumen  consisting  of 
carbon  and  hydrogen  ready  formed,  or  what  is  more  likely  formed  at  a  high  tem- 
perature. The  larger  quantity  of  oxygen  present  in  sintering  coals  causes  less 
bitumen  to  be  formed ;  while  in  sandy  coals  a  still  smaller  quantity  of  bitumen 
is  formed.  The  most  recent  researches  on  coal  disprove  the  opinion,  that  with 
an  increase  of  the  quantity  of  oxygen  the  caking  should  decrease,  and  that, 
consequently,  the  coals  which  contain  the  largest  quantity  of  oxygen  should  be 
sandy  coals.  Coals  exliibiting  almost  the  same  elementary  composition  behave  very 
differently  when  exposed  to  heat.* 

Anthracite.  This  carbouaceous  mineral  is  to  be  considered  as  the  final  product 
of  the  process  of  decay  which  has  converted  plsmts  into  coal.  Anthracite  is  found 
in  the  metamorphic  rocks  deposited  in  seams  between  clayey  slate  and  greywacke, 
also  between  deposits  of  mica  slate.  Anthracite  is  amorphous  and  thereby  distinguished 
from  graphite;  it  is  deep  black  coloured,  brittle,  exhibits  a  conchoidal  uneven 
fracture,  burns  with  a  scarcely  luminous  fiame,  and  without  producing  smoke. 
It  does  not  become  soft  in  the  fire,  but  frequently  decrepitates. 

Jacquelain's  analysis  of  several  anthracites  led  to  the  following  results: — 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Ash. 

rom  Swansea 

.       90-58 

360 

381 

•    029 

172 

„     Sabl6       

87-22 

2-49 

108 

2-31 

6-90 

„     Vizille     

.       94-09 

1-85 

„ 

2-85 

190 

„    Is^re  Department,  France    .. 

.       9400 

I  49 

ft 

058 

400 

Anthracite  is  an  excellent  fuel  for  many  purposes,  and  yields,  especially  with  the 
blast,  a  very  strong  heat.  It  is  tlierefore  largely  used  in  Wales  in  metallurgical 
operations,  for  burning  lime  and  bricks,  and  in  stoves  for  household  purposes. 
In  Pennsylvania,  antliracite  is  met  with  and  used  largely  in  the  reduction  of  iron 
ores. 

dddnxCoaL  In  addition  to  its  behaviour  under  combustion,  this  coal  is  charac- 
terised by  its  deep  black  colour,  ready  inflammability,  and  by  yielding  when  heated 
in  closed  vessels  a  compactly  fused  coke.  Designating,  with  Fleck,  the  quantity  per 
cent  of  carbon  in  ash-free  coaly  matter  as  C,  the  free  hydrogen  as  Wj,  the  comWned 
hydrogen  as  W,  the  oxygen  and  nitrogen  as  S;  tlicn  (C-|-(W-|-Wi)-f-S=ioo). 
Wx  is  found  by  calculation  on  the  supposition  that  8  per  cent  oxygen  holds  in  com- 
bination I  percent  of  hydrogen;  consequently  Wir=j;  and  this  deducted  from  the 
total  quantity  of  hydrogen,  gives  as  difference  the  free  hydrogen  =W.  The  caking 
property  of  a  coal  is  due  to  tlie  proportion  that  upon  100  parts  of  carbon  there  should 
not  be  less  than  4  of  hydrogen.  Caking-coals  are  especially  suited  for  gas  manu- 
facture, though  Fleck  designates  as  such,  in  the  widest  sense,  all  coals  containing 
upon  1000  parts  of  carbon  at  least  20  of  combined  hydrogen.  But  as  the  value  of 
such  a  gas-coal  depends  upon  the  free  hydrogen,  which  with  carbon  will  yield  volatile 

*  E.  Bichters  has  recently  described  a  method  for  the  comparative  determination  of 
different  kinds  of  coal.     See  Dingler*8  Polyt.  Joum.,  vol.  195,  p.  72. 
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hydrocarbons,  for  the  pm^pose  of  rendering  the  finme  luminous,  coal  coutnining  upon 
lOO  parts  of  ctirbon  2  parts  of  combined  (or  fixed)  and  4  of  free  or  disposable 
hydrogen  may  bo  considered  as  tlie  best  gas  c?<>al  und  the  strongest  caking  coal. 

Because  they  contain  a  larger  quantify  of  hydrogen  than  other  kinds  of  eoak, 
caking  coals  are  more  readDy  inJlammable  and  evolve  the  strongest  flame.  Strongly 
caking  coals,  however,  are  not  well  suited  for  use  aa  fuel  by  themselves^  owing  to  the 
fact  that  by  the  fusion,  as  it  were,  they  undergo,  tliey  greatly  impede  access  of 
air  at  the  open  fire-bars,  Caking-coal  is  an  excellent  fuel  on  tlie  forge-hearth. 
because  by  caking  togetlier  it  forms  a  receptacle  for  the  blast  from  the  bellows,  and 
increases  the  heating  efiect.  The  peculiar  kind  of  small  coal  used  by  t-lackatniths  is 
known  in  the  French  language  as  charhon  de  forge,  houilh  marichah,  and  is  in 
England  termed  imitktfcoaL 

Sandy-cool  is  the  poorest  quality.  It  contains  much  oxygon,  suffers  great 
contraction  when  converted  into  coke,  leaving  a  sandy,  small  coke,  Tliia  kind  of 
coal  contains  less  tlian  4  per  cent  of  free  hydrogen ;  it  is  used  as  fuel  for  btiming 
bricks,  lime,  and  for  similar  purposes  whore  a  cheap  fuel  is  required* 

Sintering' coal  exhibits  on  iron-grey  colour,  is  frequently  very  lustrous,  far  Jess 
readily  ignited  than  caking-coal,  often  contains  much  pyrites,  and  ia  employed  wberr 
a  strong  and  lasting  heat  is  required.  It  is,  therefore,  used  industrially  on  the  large 
Bcale  as  a  steam  coal,  as  fuel  for  metallurgical  purposes,  &c.  This  kind  uf  coal 
yields  only  a  small  quantity  of  gas,  and  ivhon  burnt  for  coke  in  coke-ovens  it  is 
scarcely  changed  in  bulk,  yielding  a  loose  somewhat  porous  coke.  100  parts  of  the 
combustible  portion  of  this  coal  contain  less  than  4  parts  of  free  and  less  than  2  parla 
of  combined  hytlrogen.  Some  kinds  of  anthracite  belong  to  this  okss  of  coal :  but 
the  real  anthracite  is  to  ha  viewed  as  a  native  coke  produced  in  a  peculiar  manner, 
not  comparable  with  tlie  process  of  coke-making  as  carried  on  industrially. 

The  physical  properties  of  coal  may  be  judged  from  tlie  quantity  of  bydr 
contained,  and  we  find  that  :— 

Caking  coals  contain  upon  100  C,  more  tlian  4  Wi,  less  than  2  W, 
Gas  and  caking  coals  ,.  ,«  100  C.^  ,p  „  4  Wi,  more  than  2  W. 
Gas  and  sandy  coals  „  „  100  C,  less  tlian  4  Wj,  „  „  2  W, 
Sintering  coals  „        „      :oo  C 4  Wj,  less  than  2  W. 

Assuming  coals  to  contain  on  an  average  5  per  cent  of  hygroscopic  and  5  per  cent 
of  chemically  combined  water,  the  average  composition  is : — 

Carbon    ... ...     69 — 78 

Hydrogen       ... 3 —  4 

Cheraically  cnmbined  water  and  liygroscopio  water       15 — 25 

The  composition  of  Ihc  ash  varies,  greatly  depending,  not  only  as  regards  quality, 
but  also  the  quantity  of  the  constituents,  upon  a  vurieiy  of  causes,  among  wliich  the 
geological  age  of  the  coal,  the  formation  in  which  it  is  found,  and  others,  havfl  great 
influence.  The  ash  consists  chiefly  of  an  aluminosjlicate.  or  of  gypsum  and 
sulphuret  of  iron,  mixed  with  larger  or  smaller  quantities  of  lime?,  magnesia,  carbonic 
acid,  oxides  of  iron  and  nmnganese,  with  very  small  quantities  of  chlorine  and 
iodine.  Ash  which  contains  much  alumina  and  little  feilica  is  infusible.  Ash  con 
taining  much  silica,  but  not  any  or  only  a  small  quantity  of  oxide  of  iron,  sintere, 
but  does  not  fuse ;  but  ash  which  contains  oxide  of  iron  and  alkaline  sil]Gat4!S  readily 
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forms  a  slag,  and  may  give  rise  to  loss  of  fuel  by  enveloping  the  particles  of  coal.  The 
quantity  of  ash  found  by  incinerating  coal  in  a  smaU  crucible  varies  from  05  to  20 
and  30  per  cent.  By  washing  coals,  small  coal  especially,  a  portion  of  the  mineral 
matter  may  be  eliminated. 

cioriiie  Effect     The  subjoined  table  exhibits  for  average  coale  the  calorific  efiect, 
specific  gravity,  and  composition : — 


Composition  :— 

Carbon        

Hydrogen 

Chemically    com- 
bined water   ... 
Hygroscopic  water 
Ash     

Anthracite. 

85 
3 

2 
5 
5 

Caking  cool. 

78 
4 

8 
5 
5 

Sintering  coaL 

75 
4 

II 
5 
5 

Sandy  Coal. 

69 
3 

18 
5 
5 

Calorific  efiect:— 

Absolute     

Specific       

Pyrometric 

0-96 
1-44 

2350° 

093 
ri7 
2300° 

089 
116 
2250' 

072 
106 
2100*= 

I  part  reduces  lead 
I  part  heats  water 

26—33 

23—31 

19—27 

21—31 

from  0" — 100 

60-5—747 

52*87 — 2-0 

4406 — 1*6 

500 — 7 10 

Sp.gr 

1-41 

113— 126 

113— 130 

205— 134 

It  is  assumed  in  practice  that  the  heating  effect  of  a  good  coal  is  very  nearly  that 
of  wood-charcoal,  and  twice  that  of  dry  wood.  In  smelting  operations  the  heating 
effect  of  coals  is  taken  by  bulk  to  that  of  wood  by  bulk  as  5  :  i,  and  by  weight  as 
15  :  8.    According  to  Karsten's  researches : — 

100  parts  by  bulk  of  coal  in  the  reverberatory  furnace  =  700  parts  by  bulk  of  wood. 
TOO    „      by  weight    „  ,.  „  „       =250    „    by  weight  of  wood. 

In  boiling  operations : — 
100  volumes  of  coal  =  400  volumes  of  wood  =  400  volumes  peat. 

100  parts  by  weight  of  coal  =160  parts  by  weight  of  wood  =  250  parts  by  weight  of 
peat. 

*^fCo2^'*^       This  forms  tlie  most  important  industrial  investigation  which  can 
be  made  with  coals.    In  order  to  ascertain  the  evaporative  effect,  we  must  know — 
1.  The  quantity  of  hygroscopic  water  contained.     2.  The  quantity  of  ash  or  non- 
oombustible  matter  it  contains.    3.  The  composition  of  the  organic  matter. 

As  Hartig's  experiments  have  proved  that  tlie  evaporative  effect  of  the  organic 

matter  of  coal  is  the  same  for  nearly  all  kinds  of  coal  (=  8*04  to  8*30  kilos,  of  steam), 

the  evaporative  effect  of  any  given  sample  of  coal  can  bo  ascertained  by  estimating 

the  quantity  of  water  and  ash  it  contains.    According  to  W.  Stein,  the  practical 

evaporative  effect  on  the  large  scale  may  be  taken  as  equal  to  two-thirds  of  that 

which  has  been  calculated  from  the  chemical  composition  of  tlie  coal.    The  practical 

evaporative  effect  of  the  coals  in  use  in  Southern  Germany  is,  according  to  laboratory 

experiments  and  experiments  made  on  the  large  scale,  tlie  following  :— 
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lluhr  coals, 

I. 

Zwickau  black  pitch- 

coal, 

I. 
II. 

Bohemian  coal, 
»»          »• 

I. 
II. 
III. 

Saar  coal. 

Stockheim  coal, 
tt             •* 

I. 
II. 
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quality 


ARh. 

Practieal 
evaporaiiye  effect 

5-00 
606 

15-41 
660 

720 

6-45 
561 
580 

6-90 
10-30 
21-50 

490 
420 
606 

630 
840 

272 
3-86 

The  average  evaporative  effect  of  tlie  Hartley  steam  coals  is  14  lbs.  of  water  for 
I  lb.  of  coal. 

BoghMd  Coal.  This  mineral,  also  known  as  Torbane  Hill  coal,  found  in  the  neigh- 
bourhood of  Bathgate,  a  town  situated  between  Edinburgh  and  Glasgow,  belongs, 
with  the  blattel-coal  of  Bohemia,  to  a  peculiar  fossil  fauna,  and  is  especially  suited 
for  the  manufacture  of  paraffin  and  oils,  owing  to  the  large  quantity  of  bitmninoos 
matter  it  contains.  Boghead  coal  is  now  solely  employed  in  the  preparation  of 
paraffin  and  oils ;  and  the  supply,  which  is  very  limited,  because  the  seam  is  almost 
exhausted,  has  been  secured  by  Mr.  Young,  of  Bathgate  Works. 
100  parts  of  Boghead  coal  contain : — 

Carbon 609  65*3 

Nitrogen     07  07 

Hydrogen 91  91 

Sulphur      ...     .» 03  01 

Oxygen       43  54 

Water 03  05 

A.sh      241  186 

Boghead  coal  was  formerly  employed  for  gas- making,  i  ton  yielding  15,000  cubic 
feet  of  a  highly  illuminating  and  very  durable  gas.  Many  varieties  of  the  Scotch 
cannel-coals  are  suitable  and  are  used  for  tlie  preparation  of  paraffin  and  oils,  and 
have  therefore  so  greatly  increased  in  price  that  these  coals — the  Wemyss.  Rigside, 
and  others— are  now  seldom  employed  for  gas  manufacture. 

Petroleum  as  Fuel. 
Petroleum  B8  Fuel.  Native,  as  well  as  artificially  prepared  potroleum,  is,  under  certain 
conditions,  a  very  valuable  heating  material.  The  sp.  gr.  of  tliis  oil  varies,  at  o% 
from  0786  to  0*923,  while  its  coefficient  of  expansion  for  1°  varies  from  0*00072  to 
o*ooo868.  The  experiments  as  to  tlio  application  of  petroleum  as  fuel  for  marine 
purposes  in  America  have  proved  that  petroleum  is  three  times  more  efficient  than 
coal ;  and  as  the  complete  combustion  of  petroleum  does  not  produce  smoke,  but 
simply  evolves  carbonic  acid  and  watery  vapour,  a  tall  cliimney  is  not  required. 
Coals  may  be  burned  in  marine  boilers  with  the  same  elTect,  proved  by  a  series  of 
experiments  made  about  fifteen  years  ago,  on  the  large  scale,  by  the  late  Dr.  llich- 
ardson,  of  Newcastle-upon-Tyne,  in  conjunction  with  Messrs.  J.  A.  Longridge  and  Sir 
William  Armstrong.  As  petroleum  contains  14  per  cent  of  hydrogen,  tlio  condensa- 
tion of  tlie  gases  of  combustion  yields  a  large  quantity  of  water  which  may  serve  for 


feeding  the  boilers,  whUe  the  heat  thus  set  free  may  be  employed  for  the  purpose  of 
heating  the  feed-water.  According  to  H.  Deville,  there  is  no  difficulty  in  regulating 
the  supply  of  petroleum,  and  it  is  not  necessary  to  heat  it  previously.  According  to 
Fr.  Storer,  i  kilo,  of  crude  petroleum  evaporates  io'36  kilos,  of  water,  while  i  kilo, 
of  anthracite  coal  evaporates  only  5*1  kilos,  of  water.  The  theoretical  evaporative 
efiSect  of  the  purest  petroleum  is  i8'o6  kilos.,  as  may  be  deduced  from  the  percentage 
composition  of  petroleum,  viz. : — 

C     ...    0-86     ...      8080=6948 

H     ...     014    ...   34,462=4824  iIlZZf=  1806  kilos. 

11,772  units  of  heat ;       652 

The  heating  effect  of  different  kinds    of   petroleum  has  been  ascertained  by 

II.  Deville  (1866 — 1869)  to  be  as  follows: — 

Heavy  oil  from  West  Virginia     10,180  units  of  heat. 

Light  oil  from       „           „            10,223  »•  »» 

Light  oil  from  Pennsylvania        9*963  „  „ 

Heavy  oil  from  Ohio     10,399  „  „ 

Oil  from  Java  (Rembang)     10,831  „ 

Oil  from  Java  (Cheribon)      9.593  »»  ». 

Oil  from  Java  (Soerabaya)    10,183  „  „ 

Petroleum  from  Schwabwiler  (Alsace)...  10,458  „  „ 

Petroleum  from  East  Galicia        10.005  „  „ 

Petroleum  from  West  Galicia      10,235  „  ,» 

Crude  shale  oil  from  Au tun  (France)...  9,950  „  „ 

More  recently,  R.  Foote,  Wyse,  Field,  Aydon,  H.  Deville,  Dorsett,  and  Blyth,  have 
constructed  petroleum  furnaces  suitable  for  steam-boilers,  which  answer  the  purpose  well. 
Petroleum  lamps  are  used  abroad,  instead  of  spirit-lamps,  for  domestic  purposes,  viz., 
heating  tea-  and  coffce-ums,  tea-kettles,  &c. 

Coke, 
Coke.      By  coke  we  generally  understand  carbonised  coal ;  and  m  England  there  is 
no  other  description  of  coke  than  oven-  and  gas-coko,  referring  of  course  to  tlie  mode 
of  production. 

Coke  is  prepared  for  the  purposes : — i.  Of  increasing  or  rather  concentrating  the 
quantity  of  carbon  in  coal,  and  thus  to  obtain  a  fuel  wliich  will  yield  a  more  intense 
heat  tlian  coal.  2.  For  the  purpose  of  converting  coal  into  a  fuel  deprived  of  its 
volatile  constituents,  so  as  to  obviate  the  unpleasant  smell  emitted  by  the  combustion 
of  coal  when  used  to  heat  rooms  in  dwelling-houses.  3.  For  the  purpose  of 
converting  coal  into  a  fuel  which  does  not  become  pasty  when  ignited,  coal,  in  con- 
sequence of  this  property,  being  unsuitable  for  use  in  blast,  cupola,  and  other 
furnaces.  4.  For  the  purpose  of  eliminating  from  the  coal  a  portion  of  the  sulphur 
contained  as  pyrites!  Before  being  converted  into  coke,  coal,  and  especially  small 
coal  or  coal  mixed  witli  slaty  shale,  fire-clay,  and  other  heterogeneous  mineral 
matter,  is  washed,  as  it  is  technically  termed,  the  operation  consisting  in  a  process  of 
purification  by  means  of  suitably  constructed  machinery,  and  the  aid  of  a  stream  of 
water,  the  rationale  of  the  process  being  that  the  mineral  matter,  which  is  about 
three  times  heavier  than  the  coal,  is  deposited.  The  machinery  in  use  for  tliis 
purpose  is  similar  in  construction  to  that  employed  for  washing  metallic  ores.  By 
this  method  of  purifying  coal,  the  quantity  of  asli  (mineral  matter)  it  contains  may  be 
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reduced  from  lo  or  12  to  4  or  5  per  cent ;  but  it  ehould  boliorne  in  uund  that  7  to  8  p«f 
cent  of  tito  coal  is  lost  as  dust.  Bessooier  bus  EUggesled  tbe  use  uf  a  solution 
of  chloiiile  of  calcium^  so  coDcentrated  Uial  tli«  coal  may  float  on  its  surface,  while 
the  mineral  matter  will  sink.  The  residues  of  cool-waalung  may  contain  so  much 
iioii  pyrites  as  to  be  fit  for  use  in  the  preparatioii  of  sulphuric  acid  (sec  p.  2031. 

The  operation  of  coking  is  carried  on  in  heaps,  in  ovens,  or  in  retorts ;  but  in  1 
latter  case  the  object  is  not  so  much  to  prepare  coke  as  l^)  obtain  gas*  tar,  and  othe 
products  from   coal.     The  construction  of  coke-ovens  according  to   Kuab's  plau^ 
admits  of  obtaining  from  the  coal,  tar,  ammoniacal  water,  and  other  volatile  products  , 

Cdknfiti  Hcftpt.      This  method  of  converting  co&I  into  coke  is  very  suniJar  io  that  in  ns 
lor  converting  wood  into  charcoal ;  but  tho  central  shaft,  i  to  1*5  metre's  iu  height,  is  h 
this  instance  made  of  fire-brioks,  having  a  diameter  of  o'5  metre,  and  provided  with 
several  lateral  air-holes,  Fig*  313,  by  means  of  vrhich  the  mass  of  coals  is  brooght  in 


Fig.  313. 


ooimejiiozi  with  tho  cent nU  Hbuft.    The  kt,  .\t  to  tho  shaft, 

bc'intr  filled  up  with  sniaU  foal,  tochnically  ttrmtd  ciudtii  and  cuim.  At  the  bottom  of, 
ttic  heap  channels  are  eon»itruc'tcd  radiating  towards  the  centre.  The  bottom  of  tho  shaft  f 
Ib  filkd  with  dry  wood,  which  in  kindled  from  the  top.  The  opi?ning  si  Uie  top  is  nofJ 
closed  with  the  iron  cover  fitted  to  tbe  Bliftft  sa  jon^  fiB  any  smoke  from  the  smouhierilifJ 
coaI  U  emitted .  \S^eii  no  mere  smoke  is  emitted, the  aix-ohannels  at  the  bottom  of  tbt»  bei^l 
arc  stopped  with  wet  sand  nnd  eoal-duet*  In  England  the  cooling  of  the  glowing  heap  ici 
hastened  by  pouring  on  cold  wster,  whereby  a  greater  degree  of  desnlphtiration  ol  thm^ 
ooko  is  obtained. 

obMiv  ia  Ofvauw  In  tlic  prcscut  day  coal  is  converted  into  coke  almost  eicclumrely  In 
ovens  constructed  for  tliis  purpoue ;  because  it  has  been  found  tlmt  by  the  use  of 
ovens  the  operation  u  more  readily  conducted,  while  a  larger  quantity  and  a  better 
qnalily  of  coke  arc  obtained.  As  regards  the  construction  of  coke-ovens,  some  ^r« 
so  built  llmt  thu  j^'ascs  and  vapours  evolved  during  ilm  operation  of  cokiug,  e8csp«  ' 
without  being  utilised.  Others  again  are  so  nrranged  that  the  combustible  gases  ap§' 
employed  as  fuel  for  colting  tlie  coal,  or  as  fuel  for  steam-boilers  or  other  purposes. 
This  kind  of  oven  is  constructed  with  or  without  admission  of  air.  To  the  latter 
class  belongs  Appolt*s  coke-oven,  which  is  fssenlially  similar  to  a  vertical  gas^retort, 
fitted  with  apertures  for  the  exit  of  tlic  evolved  gnseoua  mattr»r.  Other  coke-ovens 
again  arc  so  const inic ted  that  the  tar  and  volatile  products  of  tbe  dry  distillation  of 
tlie  coalmtiy  be  condensed,  collected,  and  utilised,  Knah's  coke  oven  is  thusarmnged*| 
Among  tho  coke-ovens  of  older  construction  is  one.  Fig.  314.  in  use  at  tht 
Gleiwit2  ironworks  in  Silesia,  a  is  tlie  body  of  the  oven  or  kiln,  with  hiteraJ 
openings,  000,  which  can  bo  closed  by  dampers  or  iron  plugs ;  Bimikr  apertures  ar* 
made  in  the  bottom  of  the  oven.    The  top  of  the  kiln  is  vaulted*  with  tJw  loigAl 
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opening,  &,  which  serves,  as'well  as  the  lateral  doorway,  a,  for  the  introduction  of  the 
coals.  The  large  hunps  are  placed  at  the  bottom  of  the  kiln,  which  is  entirely  filled, 
with  the  exception  of  a  small  space  towards  the  top  of  the  doorway,  left  for  the  pur- 
pose of  tlirowing  in  ignited  coals.  The  doonv-ay,  a,  is  bricked  up,  only  a  small  channel 
being  left  for  the  introduction  of  the  ignited  coal,  /is  an  iron  pipe  for  carrying  off 
the  volatile  products  of  the  smouldering  of  the  coals ;  d  is  an  iron  lid  fitting  tightly 
in  the  opening  b.  At  the  commencement  of  the  operation  all  the  openings  of  the 
oven,  excepting  tliose  at/ and  those  at  the  bottom,  arc  closed ;  and  as  soon  as  there 
appears  at  the  lower  apertures  an  orange-coloured  glow,  tliese  openings  are  closed, 
and  those  of  the  next  row  opened,  and  kept  open  for  about  ten  hours ;  the  tliird  row 
of  openings  being  then  unplugged  and  kept  open  for  sixteen  hours;  finally,  the 
fourth  row  is  opened  for  about  three  hours,  after  which  the  oven  is  left  to  cool — all 
Openings  being  i)lugged — for  twelve  hours.  The  door,  f,  is  then  broken  up,  and  the 
coke  drawn  from  the  oven  by  means  of  iron  rakes.  This  description  of  oven  contains 
35  to  40  cwts.  of  coal,  and  tlie  average  yield  of  coke  is  53  per  cent  by  weight  and 
74  per  cent  by  bulk.  The  gases  and  vapours  issuing  from  /  are  carried  to  a 
condenser,     i  cwt.  of  coals  yields  10  litres  of  tar. 

The  coking  of  small  coal,  culm,  coal-dust,  either  previously  washed  or  not. 
is  carried  on  in  ovens  similar  in  construction  to  those  used  for  bread-baking.  Small 
coal,  especially  of  the  caking  quality,  yields  excellent  coke,  and  in  many  instances, 
this  fuel  is  now  guaranteed  not  to  contain  more  than  6  per  cent  of  ash.  The  mode 
of  construction  of  coke  ovens  for  small-coal  coking  differs  in  various  countries. 
Fig.  315  exhibits  a  vertical  section  of  such  an  oven  in  use  by  the  Leipzig-Dresden 
Railway  Company.  The  coking-room,  a,  is  3*3  metres  high.  The  doorway,  d, 
I  metre  high  and  wide,  can  be  closed  with  an  iron  door,  provided  at  the  top  with  four 
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air  holes.  The  cliimney  stalk,  b,  is  rather  more  than  i  metre  high.  At  each  side  of 
the  doorway  an  iron  hook,  e,  is  fixed,  for  the  purpose  of  supporting  the  rakes  used 
by  the  labourers  when  drawing  the  coke.  In  this  description  of  oven  50  Dresden 
bushels  •  of  small  coal  and  coal-dust  are  converted  into  coke  in  seventy-two  hours. 
The  coke  obtained  is  very  compact ;  but  if  the  oven  bo  lightly  filled,  a  more  spongy 
coke  is  the  result.  Fig.  316  exhibits  the  construction  of  the  coke-oven  at  the 
Zaukerode  colliery,  near  Dresden.  The  bottom  or  hearth  of  the  coking-kiln  is  of  a 
circular  shape  slightly  inclined  towards  tlie  doorway.     The  widtli  of  the  hearth 
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U  3'6  metres.    The  top  of  tbe  vault  c  is  yoB  meties  ab^ve  the  hearth,    b h  we  two 
cliimneys.  eitch  1*3  njctres  in  height,  for  carrying  off  the  volatile  product.     The  cast 
iron   door  ia  so  urranged  tlmt  at  the  top  of  the  doonvay  an  opening  ia  left   for 
the  admission  of  wr  into  tlie  oven  :  ^  is  a  hook  serving  the  purpose  mentioned  in  tli*' 

description  of  Fig.  314.     Fig.  517 
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exhibits  tlie  vertical  section,  and 

Fig.  318  the  ground  plau  of  the 

coke-ovens  in  use  at  the  collieries 

.situated  in  tlie  Smtr  district*     The 

hearth  of  the  liiln   is   egg-shaped, 

3  mfti'cs  hmg  and  2  metres  wide : 

while  the  height  of  the  kiln  is  at 

n»ost  only  i  metre.    Tlic  chimney, 

175  metres  high,  also  serves  for  the 

'--  -'''-  introduction    of   the    coals.      The 

jidniission  of  air  to   this  oven  is 

regulated  by  a  channel  at  a  height 

of  o'3  metre  ubuvu  tiie  hearik  ;  this  clmuntl^  Fig.  3i8»  conimunicGtes  on  bothsidcsof 

the  doon\^ay,  t,  with  the  outer  air,  and  coinniunicatcs  by  means  of  tlie  channels,  oqo, 

with  the  interior  of  the  oven.     The  door^  t,  fits  rather  tightly  in  the  doorway. 

A  quantity  of  i  to  1*25  cubic  metres  (from  40  to  50  cubic  feet)  of  small  coal  is  ocm^ 

verted  into  coke  with  this  oven  in  24  to  30  hours. 


^i 


Among  the  coke-ovens  constructed  to  utilise  the  escaping  gases  and  heat  for 
tlie  purpose  of  malting  cokc»  that  of  Appolt  deserves  notice.  TJie  first  of  these  ovens 
was  built  in  1855  at  St.  AvokL  Tliis  coke-oven  is  distinguislied  from  Uto&»^ 
described  by  itn  peculiar  shai)t%  which  is  tliat  of  a  vertical  shaft,  heated  externally, 
tho  heat  being  suppUed  by  the  ignition  of  tlie  gases  and  vapours  evolved  from  Uie  coals 
while  becoming  coked.  Fig.  319  exliibits  a  vertical  section,  and  Fig.  320  a  horiitoatal 
section  of  this  oven.  In  order  tlint  the  heat  may  reach  tho  centres  of  the  shafts,  aa, 
tlicir  shiipe  is  that  of  a  paniUulograui,  0*45  by  12  metres,  niid  4  metres  deep ;  12  of 
such  shafts  form  one  oven.  The  separate  shafts^  the  walls  of  which  consist  of 
hollow  double  walls,  b,  are  connected  with  each  other  as  well  as  with  the  linhD 
walls,  which  fonns  a  series  of  intercommunicating  channels.  Every  compartment  I 
provided  witli  an  upper  and  a  lower  aperture,  through  tlie  former  of  whicli  the  < 
are  introduced,  while  through  tlie  latter— closed  daring  the  coking  operation  with  aa 
iron  trap  door—the  coke  is  mtlidrawn.  The  apertures  <?«•!»  tlie  brickwork  servo  for  the 
purpose  of  carrying  oil'  the  ^^ases  and  vapours  which  are  burnt  in  the  channcld  by  tha 
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In  order  to  set  tlie  oveii  in  operation  dry  wood  isj  tlirowii  mto  die  compai'tracDts,  aoJ 
this  having  been  kindietl,  coals  are  tlirown  upon  it.  The  interior  of  tho  oven  soon 
ipecomes  hot  by  the  combustion  of  the  gases  issuing  from  tlie  openings  e.  When  the 
heat  of  the  oven  is  sitificient  to  effect  tlie  decomposition  of  the  coals  and  the  combus- 
tion of  tlio  volatilised  products^  tlie  compartments  ai-e  charged,  the  iron  lid  being 
tightly  luted  to  tlie  top  with  clay.  The  charging  is  so  conducted  tliat  t)ie  twelve 
compartments  of  the  oven  are  filled  in  twenty-four  hours,  after  which  the  coke  in  the 
tirst  compartment  is  ready  for  being  drawn,  and  fresh  coal  put  in,  an  operation  which 
is  continued  eveiy  second  hour.  As  may  be  expected  from  the  mode  of  construction, 
Appolt'a  coke-oven  is  rather  expensive  in  the  first  building,  the  cost  abroad  being 
about  ^600,  while  on  ordinary  coke-oven  maybe  built  for  £j2  to  £120;  but  Appolt*i 
oven  yields  daily  about  240  cwts.  of  coke — 66  to  67  per  cent  from  Buttweil  coal^ 
which  in  ordinary  coke-ovens  yields  only  61  per  cent.  It  should  be  mentioned,  tha* 
with  Appolt's  ovens,  tlie  coko  from  the  inner  and  outer  compartments  is  not  of  the 
same  quality  and  compactness,  owing  to  tlie  higher  degree  of  heat  prevailing  in  the 
former. 

Wo  may  mention  briefly  the  following  contrivances  for  preparing  coke,  based  upon  the 
Bame  principle  as  Appolt*8.    Mursilly's  oven  is  covered  with  a  hrick  arch,  commanicatf 
with  a  line  through  which  the  gftsca  and  vapoura  are  carried  under  the  hearth  ot  theovi 
and  by  luiruiug  there  beat  it.     Jones's  oven  is  similiirly  t'onstructed,  but  with  the  diifes 
enco  that  the  combustion  ol  the  gases  and  vuptjurs  is  made  to  take  pJace  ia  the  uukiiL 
kiln.     This  arrangement,  used  only  with  very  dry,  non-tituminous  coab,  certainly  a»si&tt . 
the  coking  process,  because  the  air  is  heated  previous  to  entering  the  kiln,     Fromraoot*s  " 
double  cooking  oven,  in  use  on  the  Maas,  in  Belgium,  as  well  as  in  Weatphaliji,  and 
ftt  aaarbruckeu,  is  a  Btage  oven,  so  conatracted  that  the  gases  formed  hi  the  lowur  cokingj 
comprtrtment   are  carriL*d  through  channels  to  the   cpper  henrth ;    thence    with    t* 
gafsea  formed  in  the  upper  compartment,  are  conveyed  under  the  hearth  of  the  loii 
oven,  and  thence  through  lateral  channels  to  the  chimney,  so  that  the  heat  is  thorough 
utilised.     Gendehien*B  coking-oven  is  distin^iihed  from  that  of  Fremmont,  in  so  far  th 
one  of  the  upper  coking  compartmenla  is  placed  over  two  of  the  lower;  these  ovens  i 
ehiefly  used  on  the  Sainbre  (Belgium).     The  coke-ovens  according  to  Smet'a  plan  L__ 
incluEivo  of  the  principles  of  all  ovens  built  to  utiUse  the  beat  of  the  combustible  gaees. 

Dubochet's  coking-oven,  constructed  in  1S51  by  Powell,  is  a  tuhukr  even  with  slcvpin 
hearth,  consisting  of  two  shallow  curved  parts  phieed  one  above  the  other,  and  separate, 
by  doors.    The  upper  port  is  the  distillatory  furnace  or  oveu,  the  gases  and  rapetifj 
there  evolved  being  conveyed  under  the  oven,  and  burnt  with  tulmiasiou  of  air,  the  heai 
evolved  by  this  combuation  serving  to  coke  the  coals.    The  coke  is  caused  to  fall  into  t 
cooling  oven,  from  which  it  is  removed  when  extinguishod.     The  combustible  gasesevolvcd 
by  this  process  are   somctimea  employed  for  the  prnpoBc  of  heating  a  btr       '     '  f^ 
belonging  to  the  coal-washing  machinety.     In  the  ccike-oveii  built  upon  Knab 

gases  evolved   from  the  cool  are,  previous  to   being  bin-nt,  deprived  of  ihr       .    [ 

ommoniaeal  water  carried  off  by  thtm.     For  this  purpose  the  gases  are  conveyed  to  iwu 
large  cyluidrical  vesselsj  filled  with  coke,  iuid  in  which  nearly  all  the  tar  ia  de[H*gitcd ; 
thence  the  gases  are  conveyed  to  a  &ybteiu  of  tubta  connected  with  water  reservoirs  for  the  , 
pnriiot^e  of  eUminating  the  ammoniacal  products.     The  purified  gases  are  tlien  rimreyed  ( 
to  the  furnace  to  be  there  burnt  from  a  largo  circular  bomer,  to  the  centre  of  which  oir  ie  ^ 
arluiittcd.     The  ncceseary  motion  is  imparted  to  the  ^ases  by  bell-shnped  exhausters,  i 
which  draw  the  gases  from  the  furnace  through  tbe  purifying  apparatus  and  forc«  them  to  ] 
the  burner.     According  to  the  statement  of  Gaultier  de  Olaubry,  there  ma  150  tons  of  1 
ooal  cunveited  daDy  into  coke,  in  eighty-eight  ovens  belonging  to  the  Socitte  de  CartKinisA 
iion  de  hiliolre,  near  St.  Etienne.    The  yield  in  100  parts  is : — 


Coarse  ooke  (largo  lumpw)  . ,  70*00 

Small  coke     ..     ,.     ..     «*  1*50 

Breeze    . .      • .     .  *      .  *      • «  2*50 

Graphite        **  0*50 


Tar 4-00 

Araraoniacal  water  . .      .,      ,.  g-no 

tJas , 10^50 

Loss    .  ,       . «       , ,  I  'g J 


It  is  queslionnble  whether  the  coke  thus  obtained  is  equal  in  quality  with  that  obtaixied  j 
by  the  ardinary  eoke-ovens;  becauEO  experience  proves  that  all  coke  prepared  iu 
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Teasels,  is  rather  poroas  and  less  suitable  for  use  on  locomotive  engines  and  in  blast- 
furnaces. 

Very  small  coal  and  dast  are  converted  into  coke  in  ovens  built  similarly  to  those  used 
for  baking  bread.  The  large  quantities  of  refuse  coal,  screenings,  <fto.,  formerly  waste,  to 
be  found  in  enormous  heaps  near  coal-pits,  and  to  effect  their  removal  being  frequently 
set  on  fire,  burning  for  month  after  month,  producing  huge  volumes  of  smoke,  are  now 
utilised  and  made  into  excellent  coke,  after  having  been  first  washed. 

The  coke  drawn  from  the  ovens  is  extinguished  with  water  or  under  ash.  The  former 
plan,  however,  is  most  frequent,  and  has  the  advantage  of  giving  to  the  coke  a  peculiar 
silvery  gloss.  There  is,  however,  more  than  one  objection  to  this  mode  of  extmguishing 
coke,  because  iu  the  first  place  the  coke  absorbs  and  retains  some  water,  which  as  it  has  to 
be  evaporated  when  the  coke  is  burnt,  absorbs  a  portion  of  the  heat  generated  by  the 
combustion.  Secondly,  the  weight  of  the  coke  is  increased,  and  may  be  increased 
fraudulently  to  a  large  extent,  as  some  portions  of  the  coke — the  more  porous  lumps — take 
up  1 20  per  cent  of  their  weight  of  water,  while  the  dense  metallic  portion  takes  up  only 
li  per  cent.,  and  the  coke  from  the  bottom  part  of  the  oven  13  per  cent.  On  an  average 
the  coke  takes  up  by  being  extinguished  by  water  6  per  cent  of  its  weight ;  but  cold  coke 
takes  up  when  thrown  into  water  hardly  half  as  much. 

Properties  of  Coke.  Well  bumt  coke  or  oven  coke,  is  a  hard,  uniform,  compact,  solid 
mass,  difficult  to  break,  and  not  honeycombed,  nor  very  porous.  Its  colour  is  black- 
l»rey  or  iron-grey,  with  a  dull  metallic  gloss.  Good  coke  should  contain  very  little 
sulphur.  All  the  sulphur  contained  in  coal,  chiefly  as  iron  pjrrites,  cannot  be  com- 
pletely eliminated  by  the  coking  process,  as  the  sulphuret  is  only  reduced  to  a  lower 
degree  of  sulphuration.  In  the  north  of  England  it  has  been  found,  that  if  the  coal, 
even  when  highly  sulphurous,  is  first  treated  with  a  strong  brine  and  powdered  rock- 
siUt,  a  coke  very  free  from  sulphur  is  obtained.  The  sulphur  in  coke  is  objectionable, 
from  its  action  upon  the  ironwork  of  the  furnaces,  the  fire-bars,  &c. 
•SffSTrSaeMrSei.      ^®  average  composition  of  good  coke  is  the  following : — 

Carbon        85—92  per  cent. 

Ash      3—  5 

Hygroscopic  water    5 — 10        „ 

Owing  to  the  great  density  and  compact  structure  of  coke,  and  the  fact  that  it  does 
not  contain  any  combustible  gases,  it  is  ignited  with  difficulty,  and  requires  for  kind- 
ling a  strong  red  heat,  with  a  blast  for  continued  burning. 

According  to  a  scries  of  experiments  in  Prussian  ironworks  with  coke  in  furnaces 
with  hot  blast : — 

100  parts  by  weight  of  coke  =    80  parts  by  weight  of  charcoal. 
100      „        bulk  „       —  250  „  „  „ 

Brix  found  that  a  coke  made  from  upper  Silesian  coals,  and  containing  59  per 
cent  of  water  and  25  per  cent  of  ash,  yielded  for  every  kilo,  burnt  71 5  kilos,  steam. 

Artificial  Fuel. 

AnweiaiFueL  Under  tliis  name  we  understand  an  originally  pulverulent,  combus- 
tible fuel,  such  as  small  coal  or  coke,  breese,  sawdust,  refuse  wood,  &c.,  mixed  with 
tar  or  thin  clay  liquor,  and  by  strong  pressure  subsequently  moulded  in  the  shape  of 
bricks.  Compressed  peat  and  compressed  spent  tan  are  in  a  certain  sense  artificial 
fuel. 

PWM.  Under  this  name  is  known  an  artificial  fuel  first  prepared  from  caking  coal 
by  Marsais,  the  viewer  and  manager  of  some  collieries  near  St.  Etienne.  The  small 
eoal,  screenings,  dust,  and  other  refuse,  are  first  lixiviated  for  the  purpose  of 
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removing  mineral  impurities,  such  as  gaugae,  clay,  pyrites,  Jkc.  Tlio  purified  cotl 
ia  drainud,  then  ground  to  powder  by  suitably  constructed  miil-work,  afterwardB 
dried  by  the  application  of  lieat,  then  mixed  with  7  to  8  per  cent  of  Uiick  coal*lar« 
and  fiaaHy  moulded  into  bricks  by  tlie  aid  of  strong  pressure,  tJie  brick-ahaped 
lumpa  weighing  each  about  20  lbs,  Perasisless  fragile  tiinn  ordinary  coal»  and  being 
of  a  uniform  Hhupe;can  bo  better  stored  than  coal,  taking  up  about  one-fifth  less  room^ 
a  matter  of  considerable  advantage  on  board  Kteamers.  Similar  to  peras  are  tJie 
patent  coals  made  by  Wylam  and  WarHch. 

The  so-calUid  moulded  charcoal,  or  Pai-isiau  coal,  introduced  alwut  fifteen  years 
ago  by  Popelin-Ducarrd,  is  an  artificial  fuel  composed  of  charcoal  refuse  witli  coal 
tar  The  small  lumps  and  du^it  of  cliarcoal  are  mixed  wiUi  8  to  12  percent  of  water, 
then  ground  to  powder,  and  to  100  kilos,  of  the  powder  are  added  33  to  40  litres  of 
coal-tar.  Tliis  magma  i^  tlioroughly  incorporated  and  next  moulded  into  cylinder? 
Theso  are  dried,  and  fmallj  carbonised  in  a  mufile-fiu-nace.  This  fuel  ia  far  Jisas 
fragile  than  ordinary' charcoal,  better  fitted  for  transport,  bums  better  than  coke,  and 
even  when  only  slightly  kindled,  continues  to  burn  in  air,  whicii  is  not  Uie  cose  wiUi 
coke. 

otiaM"**.  When  strongly  caking  coal  i.s  heated  in  closed  vessels  to  2^0"  to  400% 
and  tlien  compressed  in  moulds,  the  result  is  the  formation  of  a  hard  brick-shaped 
fuel,  vcr\'  suitable  for  domestic  use  as  well  as  for  steam  production/  It  has  been 
found  that  the  manufacture  of  briquettes  can  be  advantageously  combined  with  t!ie 
preparation  of  tar  for  the  purpose  of  extracting  benzol,  carbolic  acid»  naphUialijic, 
asphalte,  and  anthracen. 

Oas^m  FueL 

QflMowFuiii,  The  utilisation  of  certain  combustible  gases  nnd  mixtures  of  daeiM! 
gftsee  as  fuel  has  been  practically  solved  only  during  the  last  few  years,  although  in 
roetttllurgiciil  operations  the  idea  of  sucli  utiH.saJjun  is  of  more  remote  date.  The 
combustilile  gases  used  on  the  large  scale  as  fuel  are  those  evolved  from  bli 
furnaces,  and  from  coke-ovens  and  other  apparatus  in  which  these  combustible  gi 
are  formed  as  the  by-product  of  industrial  operations.  The  ccmiposition  of  the  blast- 
funiace  gases  varits  of  necessity  according  to  the  kind  of  fuel  used,  the  temperature 
of  the  furnace,  the  shape,  build,  and  height  of  the  latter,  the  pressure  on  the  blasts  he. 
The  combustible  gases  escaping  from  these  furnaces  consist  chietly  of  carbonic  oxid*', 
hydrocarbons,  hydrogen,  carbonic  acid,  nitrogen,  and  of  ammonia  where  coal  or  coke  is 
used  as  fueL  The  so-called  geuerator  gases  are  tlioso  combustible  gases  which  ar«» 
evolved  from  solid  fuel,  coke,  peat,  or  wocd^  by  its  carbonisation  in  a  Bcpantted 
furnace,  kiln,  or  oven,  with  or  without  the  aid  of  a  blast.  These  combustible  gases  may 
be  utilised  in  various  ways  and  obtained  from  fuel  t\  hich  is  not  otherwise  apoli<  ribli* 
as  such.    According  to  Ebelmeu  these  gases  ore  composed  as  follows : — 

Generator  gases  obtained  from  : — 


Wood-charcoal. 

Wood. 

Peat. 

Coke. 

Nitrogen ,..     ,„ 

...    649 

53*2 

6ji 

648 

Carbonic  acid  ,*. 

...      08 

ir6 

14^0 

t3 

Carbonic  oxide 

...    341 

34'5 

22*4 

358 

Hydrogen 

02 

07 

05 

01 

•  See  Tb.  Oppler»  '"  Die  Fdhrikation  der  kunathehen  Brcnnatoffe,  insbraondero 
gepredBten  Eohloazicgel  odcr  Britmettes/'  Berlin,  1864;  also  '*  Jahresberioht  der 
Technologic,*'  1864,  p.  760 ;  1S66,  p,  333  ;  1868,  p.  800. 


WARMING.  73X 

There  lias  long  been  in  use  in  England  a  gas  mixture  obtained  bj  passing 
high-pressure  steam  over  red-hot  coke  contained  in  retorts.  Siemens*s  regenerative 
gas-furnace,  described  on  pp.  24  and  273,  belongs  to  tliis  category'.  Combustible 
gaseous  bodies  are  largely  utilised  in  metallurgical  operations,  puddling-fumaces, 
zinc-smelting,  &c. 

<***5J^^*^  It  has  of  late  years  been  frequently  suggested  that  a  cheap  gas 
should  be  iCiauufactured  for  heating  purposes.  In  Berlin  a  company  has  been 
formed  under  the  technical  guidance  of  C.  Westphal  and  A.  Putsch,  the  object  being 
to  prepare  gas  from  brown-coal  at  FUrstenwald,  a  distance  of  about  38  kilometres 
from  the  city.  The  intention  is  to  construct  twelve  retort-houses,  each  to  contain 
seventy  furnaces  provided  witli  ten  retorts,  to  be  fired  as  in  Siemons's  regenerative 
gas-furnace.  The  purified  gas  is  to  bo  forced  by  blowing-machines,  actuated  by 
steam-engines  of  360  nominal  or  500  indicated  horse  power,  into  a  main  pipe  of 
I "3  metres  diameter  constructed  of  boiler-plates  and  carried  above  ground  supported 
on  iron  pillars.  The  gas  will  be  collected  at  Berlin  in  twelve  gas-holders,  each  of 
750,000  cubic  feet  capacity.  The  pressure  of  the  gas  in  the  mains  and  service-pipes 
within  the  city  will  be  1*5  centims.  water-gauge,  in  order  tliat  pipes  of  smaller 
diameter  may  be  used.  According  to  Ziureck,  the  composition  of  the  gas  obtainable 
firom  the  brown-coal  is,  at  a  sp.  gr.  of  0-5451,  as  follows : — 

Hydrogen        

Carbonic  oxide       

Marsh  gas       

Nitrogen 

Carbonic  acid 

Condensable  hydrocarbons 

A  gas  of  tliis  composition  will  answer  admirably  for  heating  purposes.  3000  cubic 
feet  of  it  are  in  heating  effect  equal  to  i  ton  of  brown-coal,  and  equal  to  ^  ton  of 
pit-coal,  the  ton  being  equal  in  this  case  (o  275  to  300  lbs.  The  price  will  bo  y\i\. 
per  1000  cubic  feet,  so  that  the  heating  effect  yieklod  by  it  as  compared  with  the 
price  of  a  ton  of  coals  will  bo  about  4s.  6d.  The  works  are  constructed  for  an  annual 
production  of  9500  millions  of  cubic  feet  of  gas,  or  a  daily  supply  of  2I  millions  of 
cubic  feet. 

Heating  Apparatus,* 

wanninjr.  We  Understand  by  warming  the  heating  of  any  room  or  space  by  heat 
evolved  from  the  combustion  of  fuel.  The  room  or  space  may  be  an  apartment  in  a 
dwelling-house,  a  church,  a  steam-boiler,  a  glass-lioiiso,  a  hothouse  in  a  botanical 
garden,  &c.  It  is  the  aim  of  technology  to  apply  the  fuel  so  as  to  yield  by  its  most 
economical  use  the  greatest  amount  of  heat.  In  order  to  obtain  by  the  combustion 
of  fuel  as  nearly  as  possible  its  absolute  and  speciiic  calorific  effect,  the  combustion 
should  not  only  be  complete,  but  the  gaseous  products  should  suffer  the  highest 
degree  of  oxidation ;    in  other  words,  neitlior   smoko  nor  any  combustible   gases 

•  The  following  works  afford  very  valuable  information  on  this  subject :— C.  Schinz, 
*  Die  Wiirme  Messkunst,"  Stuttgart,  1858  ;E.  Peclet,"  Traite  de  laChaleur,"  3rd  edition, 
Paris,  1861-62,  3  vols ;  and  for  stoves  for  domestic  use,  *'  Die  Badische  Gewerbezcitung,*^ 
edited  by  H.  Meidinger. 
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Eliotild  be  evolved.     The  practical  importance  of  this  principle  is  exliibited  by  tlie 
following : — 

I  part  of  carbon  yields,  when  burnt  to  carbonic  oxide,  24S0  units  of  heat, 
I     „  „  „  M  „         carbonic  acid,    S080      „  », 

In  order  to  obtain  complete  combustion,  tlio  fuel  should  be  supplied  with  the 
requisite  quantity  of  air,  while  the  vitiated  air  should  bo  carried  off  with  t)  s 

products  of  tlio  combustion.     This  supply  of  air  or  dmught  can  be  assisted  j;  . 
by  means  of  blast-  or  exhaust- apparatus ;  but  in  most  cases  tlie  dmught  is  natural, 
i.e,,  produced  by  the  calefuction  of  tho  air,  which  becoming  spocificallj-  lighter, 
ascends. 

jVll  heating  apparatus  consist  of  three  distinct  parts— Uie  fsre  place  or  hearth,  thtt 
heating  room,  and  the  chimney.  The  hearth  is  that  portion  where  combustion  takci 
place.  Tlie  heating-room  is  the  portion  of  tho  apparatus  where  the  heat  generate 
is  utilised,  and  Uie  chimney  is  a  channel,  usually  placed  in  a  vertical  position,  and 
often  connected  by  means  of  flues  wnth  the  heating-rooiu  and  heartli — tJirough  which 
the  gases  evolved  by  tlie  combustion  of  the  fuel  are  carried  off,  and  a  draught 
created  maijitaining  an  efficient  combustion  of  the  fuel. 

Tlie  hearth  or  lire-place  may  vary  greatly  in  shape  and  mode  of  construction. 
The  most  primitive,  but  also  the  most  defective  kind  of  hearUi.  is  that  on  which  the 
fuel,  usnaUy  wood  or  peat,  is  placed  on  tiles  or  bricks  under  the  chimney.  Sach 
arrangements  are  still  in  nse  in  many  remote  country  places,  especially  in  thd 
country  districts  of  Ireland  and  Scotland »  where  faggots  of  wood  and  peat  are  thus 
burnt.  In  this  manner  a  very  great  amount  of  heat  is  wasted  and  tlie  supply  of  ail 
nut  properly  regulated ;  tliere  is  an  excess  of  air  supplied,  and  honce  loss  of  fuel. 
The  air  required  fur  tlie  complete  combustion  of  the  fuel  should  be  made  to  pass 
tlirough  the  fuil,  which  for  that  purpose  is  placed  on  a  grating,  consisting  of  bars  of 
iron  or  fire-brick.  The  space  under  the  fire-bars  is  caJh-nl  tlie  ash-pit,  through  wldch 
tlie  air  is  supplied  to  the  fuel.  The  heartli  is  usually  provided  with  iron-doors* 
which  arc  opened  when  fresli  fuel  has  to  be  introduced.  This  plan  is  accompanied 
witli  tiie  objection,  that  <hiring  the  period  of  feeding  and  raking  up  tlie  fire,  a  hirgft  j 
q^uantity  of  cold  air  enters  the  hearth,  and  causes  the  combuistion  to  become  irregular^i 
and  much  smoke  to  be  produced.  The  use  of  the  so-called  stage  fire-bars,  plaoed  in 
the  manner  of  steps,  one  above  tho  oUier,  is  not  attended  with  litis  defect. 

When  the  fuel  contains  much  sidphur,  the  iron  fire-bars  are  soon  worn  out,  o^ 
to  tlie  formation  of  sulphuret  of  iron ;  in  order  to  prevent  this,  it  is  often  usual  1 
leave  a  hiyer  of  clinkers  and  slag  on  the  bars  for  the  purpose  of  protecting  them  fromi 
tlie  direct  action  of  tho  fuel.     In  order  to  regulate  the  draught,  dampers  or  fimilsr 
contrivances  are  fitted  to  tlie  thies^  chimney,  or  funnel. 


fi.  Heating  Dwelling  Homes, 

u«AUiifl  D««mng  Hmuw.  The  heating  of  dwelling-houses  and  public  buildings,  haUs, 
llieatres,  churches^  &c.  {in  connccticm  with  Ihe  ventilation),  ran  bo  eflfectcd  in 
various  ways,  either  by  radiant  or  conducted  hoftt.  According  to  the  consiruetion 
of  the  heating  apparatus,  we  distinguish : — i.  Heating  by  flues.  2.  By  stoves, 
witli  hot  air.  3  Air  heating,  4.  By  means  of  steom  or  hot-air  pipes,  5.  Hot-wat 
heating.     6.  Heating  by  means  of  gas. 

DLrvct  BwiUttR.       Thc  direct  healing  of  rooms  by  tho  combustion  of  wood  and  other 
fuel  on  an  open  heartli,  or  in  c  hauling -dishes  and  small  stoves  without  chimneys,  ii 
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tmdoubtedly  tlie  most  ancient  and  primitive  method  of  heating.  In  the  centre  oi 
the  huts  in  Ireland  and  the  Highlands  of  Scotland,  a  rough  hearth  is  constructed, 
while  the  smoke  evolved  by  the  fuel  escapes  through  a  hole  in  the  roof.  In  some 
parts  of  France,  Italy,  Spain,  and  Turkey,  rooms  are  licated  by  means  of  a  chaufing- 
dish  containing  burning  charcoal,  by  the  combustion  of  which  the  air  of  the  room  is 
vitiated,  becoming  unfit  to  be  respired  by  the  luug.i.  It  is  evident  that  for  this 
reason  and  owing  to  the  risks  of  fire  this  mode  of  heating  is  very  dangerous. 

Chimney  HeaUn«.  Tliis  modc  of  hcatiug,  in  general  use  in  England  and  the  larger 
towns  of  Scotland,  Ireland,  and  Wales,  is  of  ancient  use,  and  is  based  upon  the 
heating  of  the  air  of  the  rooms  by  the  direct  radiation  of  the  heat  of  tlie  fire.  It  is 
undoubtedly  the  most  imperfect  and  wasteful  method,  as  tliere  flows  into  tlw  chimney 
a  very  large  excess  of  air  above  that  required  for  maintaining  the  combustion  of  the 
fuel,  the  consequence  being  that  strong  draughts  of  cold  air  are  felt  near  the  windows 
and  doors  of  the  rooms,  while  a  downward  current  of  air  is  frequently  created, 
causing  the  chimney  to  smoke.  This  mode  of  heating  only  suits  countries  enjoying 
an  average  mild  climate  and  possessed  of  plenty  of  fuel.  It  would  appear  that 
among  the  reasons  why  this  mode  of  heating  is  continued  is  the  pleasure  of  seeing 
the  fire  and  of  warming  the  feet  by  it,  notwithstanding  that  the  otlier  parts  of  tlie 
body  remain  comparatively  cool.  The  arrangements  of  the  metliod  of  warming  by 
the  radiant  heat  from  chimneys  are  in  the  most  primitive  form  the  following : — At 
the  lower  part  of  the  wall  from  which  tlie  chimney  is  built,  a  niche  or  recess  is 
constructed  in  which  the  fuel  bums ;  but  in  grates  of  better  construction,  the  recess 
is  not  very  deep,  and  less  contracted  where  it  issues  in  the  cliimney,  while  frequently 
the  hearth  is  fitted  with  a  sliding  door,  and  a  valve  or  trap-door  in  the  upper  part  of 
the  flue  leading  into  the  chimney. 

In  order  to  utilise  a  portion  of  the  conducted  heat,  yet  still  to  leave  the  heating  to 
be  efiected  cliiefly  by  radiation,  the  flow  of  hot  air  into  the  chinmey  is  to  some  extent 
intercepted,  so  as  to  form  a  combination  of  the  methods  of  stove-  and  chimney- 
heating. 

store  Hoftting.  Tliis  method  of  heating  is  in  general  use  in  the  colder  parts  of  the 
Continent,  in  America,  Canada,  &c.  A  well  constructed  stove  should  not  consume 
too  much  fuel,  the  combustion  of  which  should  be  complete,  while  the  heat  generated 
should  be  uniformly  radiated,  and  only  a  very  small  quantity  allowed  to  escape  into 
the  chimney.  As  a  stove  is  placed  at  some  distance  from  the  chimney,  the  radiating 
as  well  as  the  conducted  heat  is  utilised.  The  loss  of  heat  is  prevented  by  a  series 
of  flues ;  but  in  order  to  keep  up  a  sufficient  draught,  the  air  escaping  into  the 
chimney  should  have  a  temperature  of  at  least  75"*.  The  fuel  is  generally  intro- 
duced into  the  stove  from  the  room,  although  some  kinds  of  stoves  are  so  constructed 
that  they  may  be  fed  with  fuel  from  the  outside  of  the  house  similarly  to  the  hot- 
house stoves  ;  this  method  of  construction  entails  a  larger  consumption  of  fuel  and 
some  loss  of  heat. 

Stoves  are  made  of  cast-iron,  sheet-iron,  and  fire-clay.  Iron  readily  absorbs  heat, 
and  as  the  sides  of  the  stove  are  usually  not  very  thick,  the  heat  is  rapidly  and 
readily  dispersed.  As  iron  stoves  may  become  red-hot,  tlie  air  surrounding  the 
stove  is  chemically  changed  in  consequence  of  the  permeability  of  red-hot  iron  to 
carbonic  oxide.  This  gas,  according  to  tlie  experiments  of  Deville  and  Troost,  1868, 
la  absorbed  and  evolved  by  red-hot  iron  to  00007  to  0*0013  its  volume.  Fire- 
clay stoves  yield  a  very  uniform  heat,  given  off  only   slowly    and   gradually. 
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Compound  stoves  ate  those  in  which  the  heartli  is  ixiade  of  rast-iron,  on  which  ; 
placed  a  shoet-iron  coIuthil  closed  at  the  top,  and  provided  with  a  lateral  opea 
doramiuucatiug  by  aheet-iron  pipe  with  Uie  chinmev. 
We  distinguish  according  to  tJie  material  of  which  stoves  are  constructed : — 

a.  Those  simply  of  iron. 

b.  Those  of  fire-clay. 
L\  Coiuponiid  stoves. 

Iron  stoves  are  usttally  so  constructed  that  the  heat  generated  by  the  combustion 
of  tlie  fuel  is  rtipidly  communicated  to  the  air  of  the  room,  "fhe  heat  generated  in 
fire-clay  stoves  is  communicated  to  the  great  mass  of  fire-clay  of  which  Uio 
stoves  are  constructed,  so  that  even  long  after  the  fire  has  been  extinguished 
the  stove  continues  to  give  off  heat :  these  stoves  are  especially  used  in  Sweden 
and  Russia. 

ironstwct.  The  construction  of  these  stoves  varies  greatly.  When  made  of  cast- 
iron  the  shape  is  frequently  cylindrical,  a  short  pipe  being  cast  on,  to  which  i*  fitted 
a  sheet'iron  pipe  leading  to  the  chimney.  In  some  cases  the  length  of  this  pipe  is 
considerable,  in  order  that  the  heat  evolved  by  tljc  combustion  of  the  fuel  may  be 
better  utilised. 


Fio.  321, 


Sometimes  iron  stoves  are  conetrticted  with  an  outer  m&iitle  which  is  pcrfoi 
and  usually  exhibita  an  ornamental  ftpi>ortriince  j  this  mantle  is  placed  at  some  few  ine] 
distance  from  the  inner  stove,  in  which  the  combustion  of  the  fuel  takes  plaee. 

Ftws^dAj  stfiYer,      These  stoves,  made  of  a  peculiar  kind  ol  clay,  are  externally  gjbied 
similarly  to  the  so-called  Dutch  tiles.    The  construction  of  these  stoves  is  very  xnas^rrc 
They  consist  of  a  series  of  chaunrlB  made  of  burnt  clay  and  put  together  >> 
mixture  of  the  same  clay  unburnt  find  gypsum.    The  thicknesa  of  the  pipes  formn 
channels  is  7  inches.    The  number  of  channels  or  flues  is  four  to  six,  or  even  twojTe, 
The  Russian  stove,  Fig.  321  in  ground  plan,  is  fitted  with  six  floes.    Fig.  322  is  a  f^ont. 

Fig.  323  a  side  view,  and  Fig.  324  a  vertical  s^etioii. 
a  is  the  vaulted  fire-plaee,  the  flame  and  amoks 
evolved  hj  the  combustion  of  the  fael  being  parried 
upwards  in  Hue  i,  downwards  In  fine  2,  again  np- 
wards  in  flue  3,  again  downwards  in  line  4^  again 
upwards  in  flue  5,  and  again  downwards  in  flue  6« 
niid  thence  into  the  chimney  by  means  ol  an  iron 
pipe  fitted  to  the  stove. 

Each  of  these  stoves  has  a  separate  chimney,  a 
tube  1$  to  30  centimetres  wide,  carried  Mralght  up  to 
above  the  roof  of  the  house.  Thuso  narrow 
chimney's,  also  in  use  In  Edinburgh,  Gkegow,  and 
other  Scotch  towns,  are  constructed  of  fire*ch^ 
tubers  fitted  into  the  stouc  of  the  walls.  As  a  Russian 
»tove  is  really  intended  to  be  a  store  of  heal,  it  has  to  be  hermeticftUy  closed  as  soon  as 
the  fire  is  extinguished ;  this  is  effected  by  the  following  contrivance,  termed  in  the  Russian 
langusgf?,  Wiitichke.  Near  the  j auction  of  the  last  flao  and  the  stove-pipe  a  plate  of  cast- 
iron.  Figs.  325,  326,  and  327,  is  fitted  to  the  store,  the  plate  being  provided  in  th«  eeotK* 
with  an  opening  of  31  to  24  centimetres  diameter.  This  oj^enlng  has  an  inten:tiil  vertieal 
flange  or  collar  of  z  centimetres,  and  an  external  vertical  flange  of  3  eentimetrt^s  height. 
All  iron  cover,  a,  Fig.  327,  fits  closely  on  |o  the  inner  flange,  and  a  larger  cover,  6,  fits  on 
to  the  outer  flange,  thus  socnring  a  tight  joint.  These  oveuH  are  heated  with  wood, 
which  is  sawn  into  small  blocks.  *No  smoke  is  evolved,  because  the  high  temperature  pre- 
vailing in  the  fines  consnmea  the  smoke  completely,  and  the  ivood  is  not  used  nntil  it  i« 
thoroughly  dry.  The  Swedish  stove  is  asually  cylindrical  in  shape,  aod  very  taD,  reu 
nearly  to  the  ceiling  of  the  rooms.  The  fltus  (fuor  in  nnmber)  of  these  stoves  ; 
rather  complicated  construction.  They  eommuuicftte  laterally  with  each  other,  i  i^v 
chimney  pipe  is  placed  at  the  top  and  is  provided  with  a  damper,  closed  when  the  fire  is 
extinguished.  The  fncl,  dry  wood,  required  for  one  heating  of  the  stove,  is  put  into  the 
stove  at  one  charge,  and  when  the  combustion  has  oessed,  the  damper  and  the  stoto  door 
tfe  tightly  closed. 
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Oonpoand  stoTw.      Feilner  has  constructed  a  stove  of  this  description,  Figs.  328  to  331, 
which  la  a  modification  of  the  Russian  stove.    Fig.  328  shows  a  front  view,  and  Figs.  329 

Fio.  324. 


Fio.  322. 


Fig.  323. 
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and  330  vertical  sections.    The  section  exhibited  in  Fig.  329  is  through  the  ground  plan, 
Fig.  33 1 ,  as  indicated  by  the  dotted  line  a  a.  The  section  shown  in  Fig.  330  is  according  to  the 
Fio.  325. 


Fio.  326. 


Fio.  327. 


dotted  line  bb  and  the  section  exhibited  in  Fig.  331  to  the  line  cc.     The  hearth  of  this 
Ktove  is  constructed  of  iron  surrounded  by  a  burnt  clay  mantlo  or  box.     The  products  of 

Fig.  328.  Fio.  329.  Fio.  330. 
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the  eoml>ii8tioi3  KtB  forced  through  n  cyHndrical  tube,  of  12  to  18  oentinuk  width,  Mid 
tlieti66  iisoe in* 3  the  flues*  The  com  bustiou  is  very  complete,  no  uooX  or  amoke  \mn$!  fomidd. 

Tim  fitove  is  divided  iuto  two  compjirtinctit-  ^  * -  ng  of  & 

Tortjcal  wall  1,  and  horizoutal  shclreii  are  1  ^  waU, 

thus  frtrniJiig  a  eerifB  of  channcde  or  flut   .  _^.L  whirji 

the  products  of  combuf^tion  are  made  to  pa&<i»  Tlie  lenglh 
of  iUe^e  tines  varies,  acci^rdiug  to  the  uize  of  the  stovo,  from 
9  to  20  metres,  Aa  the  hearth  ia  so  placed  as  to  be  a  *cpa^ 
riitf?  part  of  tlie  stove,  the  room  becomes  heated  as  soon  as  the 
tiro  is  lighted.  In  the  iower  part  of  the  fitove  a  kind  of  air- 
heating  ia  arranged,  becaui^e  by  two  openingrs,  aa.  Fig.  328, 
cold  air  enters  and  becomes  Hlrongly  heated  while  pAjsins 
through  the  stove.  When  the  combustion  of  the  fuel  has  oettfiM 
the  damper  in  the  pipe  leading  to  the  chimney  ia  closed ;  the  clay  portion  of  the  store  haling 
then  been  bo  Btrougly  heated  that  one  firing  answers  for  a  whole  day.  hbbh  the  brick- 
work  foot  of  the  stove;  cc  are  supports  for  carrjing  tho  cast  iron  bed-plate,  <J d ,  of  th« 
iron  hearth ;  e  are  the  side  plates  ;  //  the  top  plate  of  the  fire-room ;  <;  "  a  tube  fitted  to 
the  top  pliue,  and  intended  for  carrying  off  the  gases  and  other  products  of  the  eomhuA* 
tion  of  the  fuel.  On  the  top  plate  are  placed  fire-bricks  supporting  hh,  which  is  made  of 
boiler-plate,  and  provided  with  a  circular  hole  so  situated  as  to  be  free  from  the  tabe  ^. 
On  this  boiler-plate  are  roofing  tiles,  which  reach  to  the  sid©  walls  of  the  stove,  and  ar« 
covered  with  sand  or  dry  aab.  This  construction  is  necessary  for  the  purpose  of  pre- 
Tenting  the  iron  hearth  in  its  expansion  forcing  asunder  the  brickwork. 

The  vortical  partition  wall,  i,  vi  built  of  brick ;  it  supports  k,  I  t  are  ahso  built  of 
brick,  n  n  are  80  short  that  each  of  tho  openings  ia  7  inches  distant  from  tho  opposite 
aide.  The  smoke  is  carried  upwards  through  the  openings  00.  p  p  is  the  iron  vU>^. 
which  eommunictttes  with  the  chimney,  Tho  heat  and  gases  generated  V»y  the  coml 
of  fuel  in  this  etove  proceed  from  tho  hearth,  e,  through  ff,  are  returned  by  Ar.  flow  a, 
pass  through  the  opening  0  into  the  flue  »,  and  linally  into  the  pipe,  which  commumcatt^ 
with  the  open  air* 

Hensehel's  stove,  constructed  to  bum  brown-coal,  deserA'es  notice.    Fig,  332  exJubiU  « 
TeHioid  section,  and  Fig.  333  a  horizontal  section  at  the  line  a  n.    Thi»  store  consist*  of 


Fro.  332. 


Fil?.  333. 


two  iron  cylinders,  tho  outer,  o,  being  of  cast-iron,  the  inner,  6.  of  stout  shdet-inio 
The  outer  cyUnder  is  supported  by  the  afth-pit.  c  d,  fitted  with  flre-bars  towards  the  upper 
end.     The  inner  iron  cjylinder  does  not  reach  to  the  fire-barp.  and  is  doged  at  tho  top  bj 
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%  tightlv-fitting  cover,  r/,  'while  the  outer  cylinder  is  closed  by  the  lid  h.  When  it  ifl 
intended  to  heat  this  stove  it  is  first  filled  with  brown-coal,  thrown  in  from  the  top  after 
removal  of  the  lids.  The  fuel  is  kindled  at  i,  through  k.  The  combustion  can  only  take 
place  on  the  fire-bars,  the  hot  air  flowing  upwards  between  the  two  cylinders,  and  thence 
into  i,  the  iron  pipe  leading  to  the  chimney.  The  fuel  contained  in  the  inner  cylinder 
gradually  sinks  downwards  as  the  combustion  proceeds.  The  ash  is  removed  by  imparting 
motion  to  the  crossed  iron  bars,  wi,  Fig.  333,  to  which  are  fitted  pieces  of  iron  passing 
between  the  fire-bars.  The  handle,  ?i,  projects  outside  the  stove.  Any  smoke  which 
might  reach  the  upper  part  of  the  stove  is  carried  off  by  the  pipe  o.  This  kind  of  stove 
having  once  been  filled  with  fuel  continues  to  supply  heat  for  forty-eight  hours. 
Meidinger,  of  Carlsruhe,  has  constructed  many  very  excellent  stoves  of  this  description. 

AtrHMtinff.  TMs  method  of  heating  is  efiected  by  means  of  stoves,  but  is  dis- 
tinguished from  tlie  ordinary  stove-lieating  by  tlie  situation  of  tlie  stove,  which  is 
in  most  cases  not  placed  witliin  the  space  or  room  to  bo  heated,  being  witliin  a 
chamber  from  which  the  heated  air  is  conveyed  by  channels  to  the  space  intended 
to  be  warmed.  The  aim  of  air  heating  or  central  heating  is  to  heat  a  large  space 
uniformly  with  one  stove,  or  to  heat  by  means  of  one  fireplace  all  the  rooms  and 
apartments  in  the  same  building,  when  it  is  not  found  convenient  to  construct  fire- 
places in  each  apartment.  There  are  in  use  three  modes  of  air  heating,  wluch 
differ  from  each  other  in  the  method  of  ventilating  the  space  to  be  lieated. 

(a.)  The  cold  air  enters  the  heating  apparatus,  becomes  warm,  and  is  conveyed  through  a 
pipe  or  channel  into  the  room  or  space  to  be  heated,  while  an  equal  bulk  of  vitiated  air 
escapes  from  the  imperfectly-closed  windows  and  doors. 

(6.)  The  heated  air  is  returned  to  the  heating  apparatus,  becomes  again  warmed,  and 
re-enters  the  room.  "While  the  method  (a)  has  the  advantage  of  constantly  supplying 
fresh  air  to  the  room,  thus  creating  an  uninterrupted  ventilation,  the  method  (h)  has  the 
advantage  of  saving  that  quantity  of  heat  which  is  lost  in  the  efflux  of  warm  air  in  the 
first  method. 

(c.)  The  outer  air  becomes  heated  at  the  fireplace,  and  is  then  conveyed  to  the  room  to 
be  warmed.  The  vitiated  air  from  the  room  is  conveyed  through  a  flue  to  the  fire,  this 
air  serving  the  purpose  of  maintaining  the  combustion.  This  method  combines  all  the 
advantages  of  (a)  and  (6),  while,  with  constant  ventilation,  a  saving  of  fuel  is  effected. 

As  regards  the  methods  of  employing  air  lieating,  we  distinguish  according  to  the 
construction  of  tlie  apparatus : — 

ia.)  Air  heating  by  means  of  a  mantle  oven. 
[b,)  Air  heating  by  means  of  a  heating  chamber. 

The  first  method  is  ver\-  similar  to  ordinary  stove-heating,  and  only  distinguished 
from  it  in  the  respect  that  the  stove  is  surrounded  by  an  outer  mantle  of  bricks 
or  fire-clay  slabs,  some  6  to  8  inches  from  the  stove.  This  mantle  is  provided  with 
openings,  through  which  tlie  heated  air  escapes,  and  is  uniformly  distributed  through 
the  room. 

In  warming  with  a  separate  chamber  we  have  to  consider  the  form  of  the  chamber, 
a  small  vaulted  room,  built  of  brickwork,  and  containing  the  furnace.  The  heating 
chamber  should  be  comparatively  verj'  small,  so  that  the  heated  air  shall  be  carried 
as  rapidly  as  possible  to  the  room  intended  to  be  warmed.  The  channels  for 
carrying  off  the  heated  air  are  placed  at  the  top  of  the  heating  chamber,  wliile  the 
channels  for  conveying  the  cold  air  are  situated  at  the  bottom.  The  space  between 
the  furnace  and  the  walls  of  the  heating  chamber  measures  from  12  to  16  centime., 
but  the  vault  is  elevated  i  to  1*3  metres  above  the  top  of  the  furnace. 

The  furnace  or  stove  is  the  most  essential  part,  of  this  air-heating  apparatus.  It 
is  made  either  of  cast-iron  or  of  boiler  plate  ;  and  as  regards  size  i  square  foot  of 
heating  surface  is  capable  of  heating  800  to  1000  cubic  feet  of  air.    Another  land 

of  air-heating  apparatus  consists  of  the  following  arrangement : — A  series  of  rowa 
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of  cast-iron  labea,  which  communicate,  are  so  placed  in  a  furnace  or  oren  tliat 
air  enters  into  the  lowest  row  of  the  series,  while  the  heated  air  escapes  fr< 
the  upper  row.  Since  tlie  hot  air  Imving  become  specificBlly  lighter  alwuTS  tcndii 
to  rise,  it  is  dear  that  the  apparatus  should  be  phvced  in  tlie  cellar  or  lowest  rocaa 
of  the  building  to  be  heated*     The  hot-air  pipes  should  be  as  vertical  as  possible. 

The  iiportures  through  which  tlie  hot  air  gains  adraiasbn  to  tJie  rooms  to  be 
heated  are  best  situate  in  the  floor,  in  this  case  generally  a  double  one  ;  or  the  hot- 
air  pipes  are  placed  in  chanueU  covered  with  an  iron  grating,  and  sometimes 
provided  with  a  damper  so  that  tlie  supply  can  be  regulated. 

Heating  with  hot  air  is  usually  attended  with  a  serious  defect,  viz.,  that  the  air 
is  exoeediogly  dry  or  even  burnt.  This  defect  can  bo  remedied  only  by  suppljin^ 
air  with  aqueous  vapour  by  i>lacLUg  in  the  current  of  hot  air  shallow  basins  filled 
with  water,  or  by  suspending  w*et  sponges  near  the  pipes,  Dr,  von  Pettenkofer  has, 
iiowever,  proved  that  Uiese  expeditmts  do  not  quite  answer  the  purpose.  Air  heating 
is  not  very  suitable  for  dweUing-housea.  but  answers  best  for  public  buildings,  whidu 
as  churches,  theatres,  and  concert  rooms,  require  to  be  only  occasionally  heated^  the 
defect  of  the  too  great  dryness  of  the  air  being  in  these  instances  counterbahuieed 
by  the  watery  vapour  exhaled  in  the  process  of  respiration  by  the  persons  assembled, 
and  by  tlie  gas  lights. 

cy«iit«r««.  A  system  of  air-heating  by  means  of  sucalled  calorif^res  has  become 
rather  general  in  tlie  United  Kingdom,  North  America,  Sweden,  Kussia,  HoUand, 
Belgium,  and  also  to  some  extent  in  Germany.  It  is  usually  employed  in  large 
buildings,  but  is  also  applicable  to  dwelling  houses.  Among  the  best  of  tliis  kind  of 
heating  apparatus  are  those  supplied  by  the  London  Wai'ming  and  Ventilating  Com 
pany,  who  employ  the  modification  of  a  plan  sQceessfully  introduced  by  S5r  Golds- 
wortliy  Gumey  in  boHi  houses  of  Parliament.  Steam,  hot  watt^r,  gas»  and  coal  or 
coke,  in  open  or  enclosed  fire-places,  are  equally  available  for  the  process,  while 
the  cost  is  less  and  the  eiToct  greater  than  with  any  otlier  known  means.  The 
apparatus  are  successfully  in  use  in  Si.  Paul's  Cathedral,  York  Minster,  eighteen  other 
cathedrals,  looo  churches  in  England,  and  a  largo  number  of  government,  public, 
and  private  buildings,  aud  mansions.  Abroad,  Ilartmann  at  Augsburg,  Boyer  and 
Co,  at  Ludwigshofen,  Bacon  and  Perkins  at  Hamburg,  have  invented  more  or  less 
excellent  calorif^res.  Those  by  Ueinhardt  and  Sammet,  at  Mannheim,  appear  to  be 
of  very  great  efficacy  ;  they  are  so  contrived  that  the  fuel  is  tlioronghly  bumt,  not 
even  any  soot  or  smoke  being  left,  wliile  the  air  is  rendered  agreeably  moist  by  the 
gentle  dripping  of  water  on  the  hot  air  gulls.  The  temperature  of  the  air  can 
be  kept  uniform  for  days  and  weeks  consecutively.  As  tins  apparatus  if  used  in  a 
dwelling-house  is  placed  in  the  cellar  and  tho  wliole  house  heiifed,  there  is  no  dust 
nor  other  inconvenience  attending  tho  ordinary  fire-places.  This  apparntus  eon- 
Bumes  only  a  small  quantity  of  fuel,  and  requires  as  an  attendant  an  ordlnarj 
labourer.  In  the  air-heating  apparatus  invented  by  Boyer  and  Co.,  Ludwigshaleii, 
now  in  use  in  many  large  buildings  in  Munich,  Wurzburg,  and  otlier  BavariAn 
towns,  the  heating  pipes  arc  not  miide  of  wrou(jfht-iron  but  of  charcoal  cast4ron« 
whOe  the  dimensions  and  shape  are  so  arranged  as  to  expose  the  pipes  as  little  as 
possible  to  injury  fi^om  the  fire,  and  yet  to  affurd  a  large  heating  surface.  For  cveiy 
kilo,  of  coals  hourly  burnt.  2 '5  square  metres  of  lieating  surface  are  present.  In  order 
thoroughly  to  utilise  the  heat  of  tlie  products  of  combustion,  tliese  products  ai« 
caused  to  pass  through  a  scries  of  pipes»  some  of  which  are  coated  with  a  smootli 
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layer  of  mortar,  for  the  x^urpose  of  preventing  loss  of  heat  by  radiation.  The  heat 
of  the  prodacts  of  combustion  escaping  into  the  chimney  is  below  loo'' ;  and  these 
products  consist  only  of  watery  vapour  and  carbonic  acid.  In  order  to  render  the 
hot  air  supplied  by  this  apparatus  pleasantly  moist,  water  is  evaporated  with 
the  heated  air  at  the  rate  of  15  to  2  litres  per  100  cubic  metres  heating  surface. 

PhM  Heating.  This  mode  of  heating,  now  confined  to  hothouses  for  plants,  and  even 
there  superseded  by  better  methods,  consists  chiefly  in  carrying  the  products  of 
combustion  of  a  stove  or  furnace  through  a  series  of  pipes  which  are  placed  witliin 
the  room  to  be  heated,  and  are  at  the  opposite  end  to  the  furnace  connected  with  a 
chimney.  If  tliis  plan  is  adopted  for  heating  dwelling-houses,  the  furnace  is  placed 
in  the  cellar ;  but  experience  has  shown  that  this  method  of  heating,  except  in  the 
case  of  hothouses,  is  too  crude,  and,  moreover,  dangeirous,  as  by  overheating  of 
the  flues  fire  may  ensue. 

Hot-w«t«r  Heating.  Instead  of  heating  air  directly,  it  is  often  heated  intermediately  by 
water,  which,  owing  to  its  high  specific  heat,  is  eminently  adapted  to  this  purpose. 
This  kind  of  heating  is  known  as  hot- water  heating,  i  kilo,  of  water  at  100°  emits, 
while  cooling  to  20°,  80  units  of  heat,  capable  of  heating  32  kilos.,  or  24*61  cubic 
metres  of  air  to  10°.  The  system  of  hot-water  heating  is  based  upon  the  placing  of 
a  vessel  filled  with  hot  water  in  the  space  to  be  heated,  care  being  taken  to  keep  up 
the  temperature  of  tlie  water.  In  the  ordinary  hot-water  apparatus,  the  fluid  is 
never  heated  higher  tlian  its  boiling-point,  and  is  usually  kept  many  degrees  below 
that  temperature  ;  hence  this  method  is  termed  low-pressure  water  heating. 
This  low-pressure  or  ordinary  hot- water  heating  is  maintained — 

a.  By  circulation  through  a  closed  boiler  which  is  heated. 

b.  By  circulation  and  syphon  action  between  an  open  and  a  heated  vessel. 

a.  In  this  method  there  is  fitted  to  a  boiler,  quite  closed,  a  series  of  pipes,  through 
which  the  hot  water  is  conveyed  from  and  the  cooled  water  returned  to  the  boiler. 
The  principle  of  the  circulation  of  the  water  may  be  elucidated  by  Fig.  334.  The 
water  is  heated  in  a,  c  is  the  ascending  tube,  df  are  the 

tubes  through  which  tlie  water  is  returned  to  the  boiler. 
The  tube  e  serves  for  the  purpose  of  filling  the  apparatus 
with  fresh  water,  as  well  as  for  the  escape  of  any  air  or 
steam  which  might  be  evolved.  The  hot  water  ascending 
in  0  causes  a  circulation  in  the  apparatus,  which  when  once 
commenced  is  maintained  as  long  as  the  heating  is  con- 
tinued. From  time  to  time  it  is  necessary  to  unscrew  tlio 
cap  at  tf,  for  the  purpose  of  adding  a  small  quantity  of  water. 
Usually  e  is  provided  with  a  stop-cock,  which  admits  of  the 
introduction  of  a  funnel.  For  100  cubic  feet  of  space  to  be 
heated,  20  to  30  square  feet  of  heating  surface  are  required. 
The  heat  of  the  warm-water  apparatus  is  imparted  to  the 

rooms  through  stoves,  usually  made  of  sheet-iron.  Tliese  stoves  are  cylindrical 
in  shape,  2  to  3  metres  high,  by  03  to  07  metre  diameter,  and  fitted  with  a 
series  of  pipes  in  which  the  air  becomes  heated  by  a  larger  hot-water  tube. 

b.  The  other  method  of  hot-water  heating  by  means  of  an  open  boiler  with 
syphon  action,  or  the  so-called  thermo-syphon  of  Fowler,  as  compared  with  the  first 
method,  has  the  disadvantage  that  from  an  open  boiler  a  considerable  loss  of  heat  is 
unavoidable,  while  it  is  difficult  also  to  prevent  accumulation  of  air  on  the  upper 
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part  of  the  syplion  tube.  The  heiglit  to  wbicli  the  tubing  can  bo  cnmed  is  in  ' 
8y6tcm»  too,  limited  to  the  height  equivalent  to  the  atmospheric  pressure^  about  30  1 
for  a  colunrn  of  water, 

Perkins's  so-called  high-pressure  hot  water  Bjstem,  wherein  tlie  lcmp4?ratiure 
of  the  water  in  immediate  contact  with  the  fire  is  raised  to  150%  200",  and  even  500% 
consists  of  a  closed  tube  fdled  with  water.  One*sixtb  of  the  lengtli  of  this  tube  is 
coiled  and  placed  in  a  furnace  ;  the  other  iive-sixths  are  heated  hy  the  circulation  of 
the  hot  water.  The  tubes  are  of  nuilleable  iron»  capable  of  resisting  a  pressure 
of  3000  lbs.  per  square  inch.  More  recently  the  hot  water  from  native  hot  springs, 
or  obtained  from  bored  artesian  wells,  has  been,  as  for  instance  at  Baden-Baden, 
employed  for  the  purpose  of  heating.  At  Baden-Baden  the  hot  wat42r  (67")  from  a 
native  spring  is  used  to  heat  a  church. 

HMUnf  witii  giMHL  This  method  of  heating  is  bnsed  upon  tlie  latent  heat  contained  in 
steam,  i  kilo,  of  steam  at  100''  contains  so  much  latent  heat  that  by  it  55  kilos,  of 
water  can  be  heated  from  o'^  to  100°. 

A  steam-heating  apparatus  consists  of  a  boiler,  steam-pipes*  and  pipes,  wlui.  L  u- 
convey  the  condensed  water  to  the  boiler.  The  boiler  may  bo  consti'ucted  in  the 
usual  mttnner.  The  steam  pipes  are  of  cast-iron  and  placed  vertically,  or  if  hori- 
zontally, witli  a  gentle  slope  towards  the  boUer.  If  several  stories  of  a  building 
have  to  be  heated,  a  main  steam-pipe  is  carried  to  llic  lii|^hesl  story,  and  branch 
pipes  are  fitted  to  it.  The  pipes  are  here  an^  there  fitted  witli  air  valves  for  the  pur* 
pose  of  permitting  the  expiilsion  of  the  air  compressed  by  the  steam.  The  boiler,  if 
low-pressure  steam  be  used,  should  nlso  be  provided  with  an  air  vnlve,  in  order  to 
prevent  the  coUapso  of  tlic  boiler  by  tho  outer  atmospheric  pressure  if  tlie  generation 
of  steam  ceases.  Heating  by  means  of  steam  is  advantageously  applicable  in  works 
where  steam  is  used  as  a  motive  power. 

CijtdbinAtitrn  of  siMxa  ABd      Very  recently  it  has  been  proposed  to  combine  stoam-  with  hoi* 
Uot'WHbtt  Bt^ting.       water-heutiug,  and  to  heat  from  one  central  locality  a  seriefi  oH 
buildings  and  houses,  in  the  same  manner  as  these  are  now  supplied  from  one  central 
reservoir  with  gas  or  water. 

Ofli4i<&utig.  It  is  wt'll  known  that  illuniinating  gas  is  now  very  generally  used  for 
the  purpose  of  heating,  being  in  this  application  best  mixed  wiUi  air,  as  is  the  case, 
for  instance,  in  tlie  Bunsen  burner. 

Gas  is  used  for  cooking  in  sluves  specially  constructed  for  tiie  purpose,  and  also  for 
heating  apartments  and  buildings.  As  a  rule  it  may  be  assumed  that  tlie  combus- 
tion of  5  cubic  feet  of  gas  is  suflicient  to  elevate  the  temperature  of  1000  cubic  feet 
9f  air  12°»  and  oue-liftli  of  this  quantity  of  giis  sufhres  by  its  combustion  to  keep  Ike 
temperature  constant. 

BfAUtif  vatiant      There  In  no  doubt  that  au  ilit'xIumEtibJo  supply  of  heat  exisis  ua  laUml 

Qt^iMiy  Fad,  heat,  wljich  can  b«  set  free  byiJi-ietioii,  or,  in  other  wordst  by  the  oouTersieii 
of  mechanical  force  mia  heat. 

Notwithstanding  many  mechanicians  have  constructed  apparatus  for  producing  h«al  ^ 
mechanioal force,  none  of  the&ehavo  been  ionnd  prftclically  availatile,  and  gume  were  UmA 
to  be  extremtily  waatcful.  The  bent  generated  by  the  fermentation  of  manure  is  usefiiUy 
applied  to  heating  hothoui^^'B,  by  placing  under  Ihe  manure  heap  thin  sheet-iron  pipes, 
which  convey  the  heat  into  the  hothoiibe. 


/9.  Boiler  Heating  and  Consumption  of  Smoke, 
itoOvrHMUfiff.      Steam-boilers  are  as  a  rule  built  in  brick-work,  and  m  their  can- 
itruction,  as  well  us  that  of  the  furnace  they  are  filled  with,  economy  of  fuel  is  tlie 
great  object*     The  furnace  is  of  course  built  with  lire  bars  and  ash-pi L    Tho  gnte 
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CMP  fire-bars  consist  of  parallel  cast-iron  bars»  the  size  and  shape  of  which  depend 
upon  the  kind  of  fuel  to  be  used,  while  as  regards  the  space  between  the  bars  expe- 
rience has  taught  that  the  sum  shouKl  not  amount  to  more  than  one-fourth  of  the 
total  surface  of  the  gi'ate.  A  largo  •,'nito  has  the  advantage  of  more  freely  admitting 
air  to  the  fuel,  while  obstruction  by  clinker  and  slag  is  less  to  be  feared.  The 
operation  of  firing  witli  a  large  grate  is  more  easily  conducted,  and  can  take  place  at 
longer  intervals  of  time.  Of  course  the  grate  must  be  kept  entirely  covered  with 
fuel.  Small  grates  may  be  preferable  in  some  instances,  especially  where  a  vivid 
combustion  is  required.  Grates  for  wood  fuel  may  have  half  the  surface  required  for 
coal,  as  with  the  former  the  openings  between  the  bars  do  not  become  choked  with 
clinker  and  slag.  According  to  E.  Koclilin  a  grate  for  burning  in  one  hour  350  kilos. 
of  old  oak  wood  should  be  of  i  square  metre  surface  witli  J  square  metre  for  space 
between  the  bars.  Usually,  however,  the  grates  for  wood  fuel  are  made  four  times 
smaller  than  those  for  coal. 

The  fire-place  or  furnace  should  of  course  be  constructed  of  sufficient  height, 
width,  and  depth  to  admit  of  the  proper  combustion  of  the  fuel.  The  fuel  should  be 
tlirown  into  tlic  furnace  in  sufficiently  large  quantity  at  once  to  keep  up  the  steam 
adequately.  Too  frequent  firing  is  not  economical,  because  a  large  quantity  of  cold 
air  is  admitted,  which  cools  the  boiler  and  interferes  with  the  proper  combustion  of 
the  fuel.  The  dimensions  of  the  furnace  doors  must  bear  a  proper  proportion  to  tlie 
size  of  tlie  furnace,  and  these  doors  must  close  tightly  so  as  to  prevent  draughts  of 
air  impinging  on  the  burning  fuel. 

*"^piSJIIfS°^°*  Wliile  we  cannot  here  enter  into  any  further  details  on  boiler- 
furnaces,  a  subject  really  belonging  to  engineering,  we  may  now  turn  our  attention 
to  smoke-consuming  furnaces,  contrived  with  the  view  not  only  of  abating  the 
nuisance  arising  from  the  smoke  evolved  in  huge  volumes  from  large  factory  and 
other  chimneys,  but  also  for  the  saving  of  fuel,  it  having  been  ascertained  that  by 
the  ordinary  combustion  of  i  ton  of  coals  25  lbs.  of  soot  are  evolved,  having  a 
heating  power  of  four-fiftlis  of  the  coal.  The  loss  occasioned  by  the  carbon  tlius 
carried  off"  amounts  to  TJa^i*  or  not  quite  i  per  cent. 

When  green  coals  are  put  in  quantity  on  a  bright  boiler  furnace,  there  is  suddenly 
evolved  an  immense  volume  of  combustible  gases  and  vapours  containing  a  large 
amount  of  carbon  '.benzol,  toluol,  carbolic  acid,  anthracen,  naphthalin,  paraffin,  &c., 
the  oxygen  of  the  air  contained  in  and  supplied  to  the  furnace  being  usually  insuffi- 
cient to  cause  the  complete  combustion  of  these  substances,  so  that  only  the  hydrogen 
bums,  wliile  the  carbon  is  separated  as  smoke  and  soot,  the  evolution  being  promoted 
by  the  comparatively  cool  state  of  the  boiler-plates,  as  well  as  by  the  large  influx  of 
cold  air  at  the  time  of  firing.  The  contrivances  for  preventing  and  consuming 
smoke  are  based  upon  different  principle^;  for  instance: — a.  Air  is  sometimes 
conveyed  to  the  fire-bridge  by  means  of  a  separate  pipe  or  channel,  b.  Two 
adjoining  furriaccs  are  connected  and  alternately  fired  in  such  a  manner  that  the 
smoke  of  the  furnace  last  fired  is  consumed  in  the  high  red  heat  of  the  other  furnace. 
e.  The  fresh  fuel  is  spread  over  only  the  front  of  the  fire  nearest  the  furnace-door,  so 
that  the  evolved  gases  may  be  consumed  by  the  red-hot  fire  on  the  bars.  (L  The 
feeding  is  efliccted  by  mechanical  means,  uninterruptedly,  in  such  a  manner  that  the 
fuel  on  the  bars  remains  in  a  high  state  of  incandescence,  e.  The  construction  of 
very  high  chimneys  has  been  resorted  to  for  the  purpose  of  supplying  a  rai)id  current 
of  air ;  but  tliis  expedient,  a  very  expensive  one,  does  not  answer  the  purpose,  and 
Idads  to  loss  of  heat. 
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We  may  mention  bnoOy  the  following  smoke -preventing  and  consuming  nfifHt- 
ratus : —  .    . 

I,  Mechanical  removal  of  the  smoke  by  waaliing  the  products  of  combustion.  In 
some  chemical  works  near  Newcastle -upon -Tyne  ll;e  smoke  of  the  different  furnacei 
is  washed  by  a  spray  of  water  previous  to  being  passed  into  the  chimney.  For  tliis 
purpose  tlie  smoke  of  the  difieront  furnaces  of  the  work  is  conducted  into  subttfr- 
nmean  brick- work  channels,  so  coustructed  with  Imeebendsthat  tlie  smoke  is  caused 
to  flow  upwards  and  downwards  alternat4?ly,  while  at  the  moutli  of  the  fumace*fiae  a 
oontinuouH  spray  of  water  is  caused  to  inipin;j;e  upon  the  smoke,  whereby  all  solid 
particles  are  thrown  down  and  are  removed  from  the  channels  aa  soot  There  is  in  this 
case  only  one  chimney,  in  wliioh  tlie  draught  is  kept  up  by  means  eitlier  of  a  blast  of 
air  or  a  jet  of  injected  steam.  Jean,  at  Pads,  has  somewhat  modified  this  method  by 
causing  the  smoke  and  waste  steam  of  a  hi^h^pressure  engine  to  be  conveyed  into  a 
subterranean  channel  covered  with  a  layer  of  water  several  centimetres  in  depths 
while  a  jet  of  cold  water  Is  made  to  play  upon  the  smoke  and  steam.    The   channel 
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ia  provided  with  a  land  of  water-wheel,  which  does  not  quite  touth  the  surface  of  tht 
water,  but  is  fitted  with  brushes,  which »  touching  the  water,  project  it  as  spray 
through  the  diannel.  The  water  becomes  heated,  and  serves  after  filtration  as  feed 
water. 

2.  Application  of  improved  fire-bars,  to  be  distinguished  as  {a)  immovable,  and 
ib)  movable. 

fltepOnttcL  Among  the  immovable  grates  are  tlie  step-  and  BtJige-gral4>s.  'rhtj_ 
former  consists  of  a  series  of  step-like  ^afjes  of  fire-bars,  to  which  the  i>«jker  In 
access  from  the  ash-pit.  By  the  heat  of  the  fire  oti  t3ie  lower  steps  the  furl  on 
higher  step  is  converted  into  coke,  and  only  after  tliis  proccas  has  continued  for  some 
time  is  tJie  partly-coked  fuel  raked  down  to  a  lower  step,  whih?  fresh  green  coal  is 
|>hictd  on  the  hij^her.  The  air  enters  tliis  kind  of  grate  not  only  ihrongh  tlie  space 
between  the  bars,  but  f»ls«)  hiterally  t!irouf;h  the  grated  space  between  the  st 
Cakin|:'eoa!|  or  coal  whirh  mukea  much  sln^,  does  not  auswer  as  fuel  in  this  ( 
but  small  coal,  refuse  peat,  sawdust,  &c.,  are  well  sdffli>tt'd.  Instead  of  iron  fire-ba 
MM.  Longridge  and  Mash  make  use  of  slabs  of  fire-clny,  provided  with  cha 
and  perforations  so  as  to  constitute  a  grating, 
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I  or  Btogt  onte.  Tlilfl  Is  a  modificatien  of  the  grate  just  described,  and  was  invented 
by  Langen  (1866).  The  green  fuel  ii^ot  placed  above  the  burning  fuel,  but  under 
it,  for  which  purpose  the  grate  is  constructed  in  stages,  the  iire-bars  being  incUned 
to  the  horizon  at  an  angle  of  about  28°.  There  is  between  each  etage,  or  stage,  of 
the  grate  a  space  of  about  12  centims.  The  fuel  becomes  coked,  and  the  volatile 
products  pass,  mixed  with  air,  through  several  stages  of  incandescent  fuel,  thus 
insuring  complete  combustion. 

MoT«bi0  Gnui.  The  leading  idea  of  these  grates  is  to  cfTect  tlie  firing  by  mechanical 
means.    Among  these  the  chain  grate  and  rotating  grate  deserve  notice. 

cbaiaonte.  Notwithstanding  tlie  expensive  nature  of  this  invention,  it  has  been 
found  useful  in  practice  and  is  employed  in  many  establislimcnts.     It  consists 
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(I'ig.  335)  of  two  endless  flat  chains,  o  o,  wliich  run  on  two  octo-geared  rollers. 
Btttween  these  chains  the  fire-bars  are  placed  longitudinally,  so  that  the  grate 
consists  of  an  endless  series  of  bars.  The  distance  of  tlie  two  rollers  from  each 
other  determines  the  length  of  the  grate.  A  rotating?  motion  is  imparted  at  o  in  such 
a  manner  that  the  grate  moves  througli  27  to  30  millimetres  per  minute.  The  fresh 
fuel  is  thrown  in  at  b,  and  is  carried  continuously  towards  the  fire.  The  height  of 
the  layer  of  fuel  is  regulated  by  means  of  the  slide-damper,  d,  which  can  be  moved 
by  means  of  the  lever,  p.  The  chains  and  rollers  are  supported  by  tlie  truck,  i, 
running  on  the  iron  rails,  h  h.  '  The  velocity  of  the  grate  is  so  regulated  that  the 
fuel  is  entirely  consumed  when  arriving  at  the  end  of  the  fire-place.  There  are 
several  serious  defects  in  this  apparatus.  It  is  complicated,  soon  out  of  repair, 
requires  a  considerable  amount  of  force  to  maintain  its  motion,  and  it  does  not 
altogether  prevent  smoke,  while,  finally,  it  is  found  wasteful  for  faeL 
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Boi«(U.8  0Mit«,  This  contrivance,  invented  by  Collier,  consists  of  a  rotating  dk 
which  supplies  llie  coal  to  the  furnace  uniformly  through  a  slit  cut  below  tlie  funia 
doorst     This  apparatus  has  never  been  extensively  in  use. 

iiapmed  Fad  sappiy.  3,  Aniong  the  numerous  suggestions  for  the  better  feeding  of  for- 
iiaces  are  the  following : — 

Collier's  feeder  (1S23}  consists  esst^utiailly  of  two  horizontal  crushing  rollers 
provided  with  projections,  so  tliat  tho  coal  is  broken  np  into  unifonn  lumps,  and 
then  tlirown  into  the  lire  by  wheels  provided  with  scoops  revolving  200  times  11 
niinute.  TliiB  mechanism  requires  a  lialf  nominal  horse-power  to  maintain  itsinolioiL 
Stanley's  feeder,  Fig,  336.  consists  of  a  funnel,  a,  fitted  with  toothed  cnisliifig 
rollers.  The  cm  shed  coals  fall  on  the  distributor,  ^>,  which  rotating  with  great 
velocity  tlirows  tiie  coals  uniformly  ou  to  llje  fire.  Notwithstanding  the  defects  af 
this  invention,  the  chief  being  tliat  it  is  not  possible  Ibr  the  Stoker  to  firo  hard  if 
required,  this  apparatus  certainly  prevents  smoke*  but  is  aUo  liable  to  be  quickly 
out  of  repair, 

puitFiret.  Pult  fircs  wero  first  introduced  by  Wedgwood  for  porcelain  fur 
The  characteristic  feature  is  the  mode  of  admitting  air,  which  instead  of  enteriiig  us 
usual  from  below  is  forced  downwards.  The  grate  is  placed  in  a  sloping  position. 
The  fire-doors  remain  open,  while  the  ash-pit  is  quit^  closed.  This  arrangement 
fulfila  certainly  all  tlie  conditions  of  complete  combustion,  but  in  practice  hits  not 
answered  and  is  only  applicable  willi  wood  fuel. 

Vgtfi'i  Grate.  Tho  firc-bars  in  this  grate  are  placed  at  an  angle  of  33°.  The  eo«]s  «re 
suppUed  by  means  of  a  funnel,  and  the  bars  can  be  shaken  up  and  down  by  mechamcftl 
means. 

ikMiitiuou  fl  oraie.      Au  arrangement  of  rather  complicated  nature  intended  to  be  applied  to 
houB©  Btoves,  and  so  constructed  that  tho  greea  fuel  is  brought  under  the  glowing  fua*  ~ 
The  grate  cuusiats  of  a  horizontal  movable  cylinder,  upon  which  the  fuel  rests,     W 
fresh  fuel  is  added,  this  cylinder  is  turned  so  as  to  cause  the  fuel  to  bo  placed  below  tho  i 

Appanitufof  Cutler  b^t  ciuder^).  In  practice  thia  grnte  has  not  answered,  being  too  oomplj 
oud  Gcoiiie.  catetL  In  many  cases  it  has  Iwen  attempted  to  feed  the  fires  in  an  asoetid' 
mode,  as,  for  instance,  in  Cutler^s  grate,  improved  upon  by  Amott  in  1854.  The  eoali 
are  burnt  from  an  iron  vessel  which  is  by  metjhiiuical  means  lifted  over  the  fire,  the  supply 
of  coals  in  the  vessel  being  regulated  to  lai>t  for  twenty-four  hours.  In  George's  appamtus 
the  fuel  is  suppUed  to  the  grate  by  means  of  a  screw  propeller. 

AppamiQi  wah  uneezwu      4-   Among   the  apparatus  in  which  smoke  is  prevented  by 
Dutxiiution.  unequal  distribution  of  fuel  on  tho  grate,  that  of  Duincry.  deser 

notice.    This  arrangement  is  distinguished  from  thoB©  of  Cutler  and  George  by  tho  frc 
fuel  being  put  on  from  both  sides  of  the  grate  under  the  red  hot  cinders.    For  ibis 
purpose  the  grate  is  strongly  curved  upwards,  exhibiting  a  eaddle  shape.     The  fueJ 
IB  forced  on  to  the  grate  by  mechanical  means  in  such  o  manner  that  it  is  first  placed  ^ 
the  lowest  fire-bars,  and  gradually  forced  towards  tho  centre.     This  principle  wa«  kno« 
to  Watt  in  1785,  and  was  applied  by  him  in  a  slanting  grate, 

Tcnbrinek  also  places  the  grate  in  a  sloping  direction,  so  that  the  coals  tumble  towa 
the  fire-bridge^  and  accnmulating  there  as  incandescent  coke  cause  the  complete  combu 
tion  of  the  fuel.  In  Corbiu^s  grate  a  partition  of  fire-brick  is  employed.  Fairb&im  (1857 
appears  to  have  been  the  firet  to  contrive  smokeless  grates.  In  his  double  grate  the  fa 
fiooe  is  provided  with  two  hearths,  two  gnites,  and  two  funiaee  doors.  The  grat 
are  icparated  from  each  other  by  a  partition  of  firc-brickt?.  The  stoking  is  bo  regul&li 
thnt  while  the  one  furnace  is  in  full  combustion,  the  otlier  is  supplied  with  fresh  fuel,  tli 
operation  occurring  at  reguliir  intervals  and  alternatt'ly.  The  result  is  that  the  sraok 
ftnd  gases  eTolTed  are  burnt  by  the  highly  incandescent  fuel  of  tho  other  fnmace, 
Buzonnicre  contrives  to  force  the  smoko  of  one  furnace  under  the  incandescent  fuel 
of  the  other.^  With  a  properly  regulated  supply  of  air  and  rcKulftHty  of  stokiug,  it  has 
oettn  proved,  by  a  series  of  experiments  made  on  the  large  scale  with  a  40  horse-power 
marine  multi-tubular  boiler,  by  the  late  Dr.  Richardson^  of  XewcaAtle-on-Tjne.  and  by  Messrs. 
Longridge  and  Sir  William  Aiinstroug*  that  with  all  kinds  of  coal  and  with  every  vahotT 
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of  steam  boiler,  smokeless  and  complete  combustion  of  the  fuel  may  be  obtained  withont 
diffioolty,  the  plan  being  attended  with  a  considerable  saving  of  f ael  and  production  of  its 
highest  calorific  effect. 
0°"!?^" S  coibitcraS  5*  Nearly  all  attempts  in  this  direction  have  proved  an  utter 
°^  AixOaneau..  failure  in  practice.  Parkes's  (1820)  BpUt  bridge  was  constructed  with 
the  view  of  causing  the  air  to  flow  partly  as  usual  under  the  grate,  partly  to  act  at  the 
end  of  the  furnace  so  as  to  effect  a  complete  combustion.  Palazot's  invention,  highly 
commended  by  Bumat,  Tresca,  and  others,  appears  to  bo  somewhat  similar.  Chanter's 
arrangement  consists  essentially  of  two  grates  placed  parallel  to  each  other.  The  green 
fuel  is  put  upon  one  of  these,  and  having  been  coked  by  the  incandescence  of  the  fuel  on 
the  other  grate  is  raked  on  to  that,  thus  insuring  complete  combustion  increased  by 
lateral  jets  of  air. 

oaU'g  Fire-place.  Gall,  reversing  the  rule  that  the  dimensions  of  a  factory  chimney  should 
bear  a  proportionate  relation  to  the  quantity  of  fuel  to  be  burnt,  has  constructed 
chimneys,  the  highest  point  of  which  above  the  buildings  is  only  o'6  metre,  and  which, 
therefore,  simply  serve  to  carry  off  the  products  of  combustion.  As  the  difference  of 
temperature  is  the  cause  of  the  draught  of  a  furnace,  Gall  maintains  a  very  high  tem- 
perature in  the  combustion  room ;  and  in  order  to  carry  this  out  all  the  causes  of  loss  of 
heat  are  reduced  to  a  minimum  in  the  following  manner : — a.  While  in  the  ordinary  mode 
of  stoking  the  heat  of  the  combustion  room  is  necessarily  lowered  by  the  influx  of  cold 
air,  the  grating  in  Gall's  arrangement  is  partitioned  in  such  a  manner  that  each  compart- 
ment is  gradually  supplied  with  fresh  fuel,  by  which  arrangement  the  formation  of  smoke 
is  prevented,  b.  The  furnace  is  constructed  so  that  the  stoker  cannot  possibly  put  on  too 
heavy  a  charge  of  green  coals,  while  he  is  compelled  to  spread  those  uniformly  over  the 
fire.  c.  The  loss  of  heat  by  radiation  from  the  brick- work,  fire-doors,  Ac,  is  prevented 
by  causing  the  air  required  for  the  combustion  of  the  fuel  to  pass  these  hot  surfaces. 
d.  Gall  retards  the  velocity  of  the  gases  which  escape  to  the  chimney,  while  the  surface  of 
the  grate  and  the  section  of  the  chimney  are  enlarged.  Indeed,  the  entire  arrangement  is 
quite  different  from  that  in  ordinary  use,  as  the  fire-bars  are  placed  3  metres  below  the 
boiler,  while  the  grate  is  very  deep.  It  was  found,  however,  that  when  well  built  there 
was  a  sufficient  draught,  and  steam  could  be  kept  up.  Nothing  is  stated  as  regards 
the  nature  of  the  gases  issuing  from  the  chimney. 

Rcsum*.  As  regards  smoke  consuming  and  preventing  apparatus,  it  is  only  too 
evident  that  most  of  these  do  not  answer  the  purpose  so  completely  as  might 
bo  expected.  Practical  experience  has,  however,  taught  that  if  the  conditions 
of  complete  combustion  are  well  attended  to  in  the  construction  of  the  furnace,  that 
with  proper  management  and  regular  mode  of  stoking,  adequate  supply  of  air. 
and  the  application  of  the  well-known  means  of  preventing  loss  of  heat  by  radiation, 
with  coal,  peat,  or  any  other  fuel,  the  combustion  may  be  so  conducted  as  to 
be  smokeless  ;  and  at  the  same  time  the  fuel  thoroughly  utilised. 
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AOBTATE  of  alamina,  263 
lead,  64 

Acetometry,  468 

Adamantine  or  diamond-boron,  256 

Adulteration  of  white-lead,  72 

ASroetatical  lampe,  641 

Air  drains,  475 

—  gas,  674 
Alabaster  glass,  290 
Albumen  glue,  536 

Alkali  for  treating  gold,  106 
Alcohol,  424 

—  and  its  technically  important  pro- 

perties, 424 

—  vinegar  from,  461 
Alcoholometrj,  447 
Alizarine,  684 
Alkalimetry,  224 

Alloys   and  preparations   made  and 
obtained  from  metals,  4 

—  of  copper,  61 

gold,  109 

lead,  62 

nickel  and  copper,  41 

silver,  103 

—  plaUnam,  96 
Aloe  hemp,  34 1 
Alpaca  wool,  495 

Alam  and  sulphate  of  alamina,  uses 
of,  263 

—  '—  earths,  257 
roasting,  257 

—  flour,  258 

—  from  Bauxite,  259 

blast  furnace  slag,  260 

felspar,  260 

—  manufacture,  material  of,  256 

—  preparation,  257 

—  —  from  alum-stone,  257 
clay,  258 

alum-shale  and  alum  earthp, 

257 
— cryolite,  258 

—  production,  256 

—  properties  of,  260 

—  shale,  257 

—  work?,  preparation  of  green  vitriol 

as  a  by-product  in,  32 
Alumina  acetate,  263 

—  sulphate  of,  261 
Aluminate  of  soda,  262 
Alnminates,  256 
Ainminum,  applications  of,  114 

—  preparations,  113 

—  properties  of,  113 


Amalgamation,  extraction  of  silver  by, 
97 

—  process,  American,  98 
European,  97 

American  amalgamation  process,  98 

Ammonia-alum,  260 

Ammonia  and  ammoniacal  salts^  226 

—  as  a  by-product  of  beetroot  sugar 

manufacture,  236 

—  carbonate,  238 

—  from  bones,  235 

gas-water,  230 

Unt,  234 

—  inorganic  sources  of,  228 

—  nitrate,  238 

—  preparation  of  liquid,  227 

—  sulphate,  238 
Ammoniacal  liquor,  666 

—  salts,  technically  important,  296 
Amorphous  phosphorus,  645 
Ananas  hemp,  341 

Aniline,  573 

—  black,  579 

—  blue,  578 

—  brown,  579 

—  colourl,  575 

—  green,  578 

—  orange,  579 

—  printing,  614 

—  red,  675 

—  violet,  577 

—  yellow,  579 
Annatto  or  amotto,  596 
Annealing,  20 
Annular  kilns,  317 
Anthracen  pigments,  584 
Anthrachinon,  584 
Anthracite,  719 
Antichlor,  349 

Antimonial  pieparations  in  techmca] 

use,  84 
Antimony,  82 

—  black  sulpburet  of,  85 

—  cinnabar,  85 

—  oxide,  14 

—  properties  of,  84 

—  sulphuret  for  refining  gold,  106 
Apparatus  for  consuming  smoke,  741 
Apparatus  for  distilling,  432 

heatinfr,  731 

Areometer,'  447 

—  to  test  milk,  658 
Arrow-root  starch,  360 
Arsenic,  85 

—  acid,  86 
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Arsenic,  red,  or  realgar,  87 

—  snipbareta,  8G 

—  yellow  Bulpburet,  87 
Arsenious  acid,  85 
Artificial  illaminati  >d,  617 
Asphtdte,  484 

Assay,  dry,  103 

— •  hydrostatical,  104 

—  ot  eiiiver,  103 

—  wet,  104 

Augsburg  method  of  mash-boiling,  410 
AUGU6TiN*s   method   of    sUver    ex- 
traction, 99 
Anrum  musivum,  mosaic  gold,  75 
Aventurin  glas<i,  291 
A  sale,  587 
Azaleine,  575 
Azuline,  678,  581 
Azurine,  578 

BALDAMUS    and    Grune's    gas, 
(574 
Balling's  saccharometrical  beer  test, 

420 
Bandanas,  616 
B'ii  m^n,  20 

propel  ties  of,  26 

Bark  of  oak,  509 

—  or  red  tanning,  509 

Bauxite,  preparation  of  alum  from, 

259 
Beer  brewing,  403 
materials,  403 

—  constituents  of,  418 

—  processes  of  brewinar,  405 

—  testing,  420 

—  wort  fermentation,  405,  414 
Beet,  chemical  conftituents  of,  368 

—  molasses,  382 

—  pptcies  of,  367 

»-  washing  and  cleansing,  371 
Beet-root  juice,  components  of,  373 

evaporating,  380 

filtration  through  animal  char- 
coal and  evaporation  of,  374 

—  separating  the  juice  from,  371 
■ —  Hoda  from,  171 

•—  sugar,  307 

manufactory,  ammonia  as  a  by- 
product <  f,  236 
Bell-mehil.  51 
Benzol,  570 
Berlin  blue,  36 

soluble,  37 

p.<din  or  Prussian  blue  on  wool,  604 
Herthieb's  reduction  method,  700 
Berzelius's  indigo  te&t,  593 
Bessemer  steel.  27 
Bicarbonate  of  Eoda,  190 
Bismuth,  applications  of,  77 

—  occurrence  and  mode  of  obtaining, 

76 
Bismuth,  properties  of,  77 


Bisulphate  of  soda,  214 
Bitumen,  paraffin  from,  685 
Black-jack,    mode  of  obtaining  zino 

from,  79 
Black  platinum,  96 

—  suphuret  of  antimony,  85 
Blast,  blowing  engine  and,  12 
BlRst-fnmace,  chemical  procean  goinf? 

on  in  the  interior  of,  13 

—  description  of,  11 

—  gases,  15 

—  process,  10 

—  temperature  of  at  different  points, 

15 
Blasting  powder,  new  kinds,  154 
Bleaching.  597 

—  glass,  270 

Bleach ing-powder  and  hypochlorite^ 
214 

—  preparation,  214 

—  properties  of,  220 

—  theory  of  the  formation  of,  220 
Blistered  metal,  refining,  49 
Blowing  engine  and  blast,  12 
Blue  vats,  602 

—  vitriol,  54 

applications  of,  56 

Boghead  coal,  722 

Bohemian  crystal  glass,  263 

Boiler  beating,  740 

Boiler  plate,  rulling,  24 

Bois  roux,  roasted  woo^,  712 

Bombay  hemp,  Sil 

Bone-ash  decomposition  by  sulphuric 

acid,  538 
Bone-black  preparation,  553 

—  properties,  554 

—  substitutes,  555 
Bones,  ammonia  from,  235 

—  glue  from,  532 
BOQUiLLON's  grate,  744 
BoucHERiB*8  method  of  mineralising 

wood,  477 
Boracic  acid,  formation,  250 

production,  250 

properties  and  usee,  251 

Borax,  252 

—  from  boracic  acid,  252 

—  octahedral,  255 

—  purifying,  254 

—  uses  of,  255 

Boric  or  boracic  acid  and  borax,  240 
Brandy  distilling,  relation  of  to  agri* 

culture,  448 
Brazil  or  camwood,  588 
Bras9,  52 

—  tinning  of,  75 
Bread  baking,  451 

—  composition  of,  459 

—  impurities  and  adulteration,  460 

—  making,  modes  of,  451 

—  oven, 454 
Bremen  blue,  50 
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Bremcrii  green,  56 
Brewing  bj  steam,  418 

—  bet  r,  403 

—  pre  cess,  bj  products  of,  423 
Brick  material.  311 

—  moulding,  312 
Bricks.  310 

—  and  lime  kilns  for  bnming,  325 

—  field  burning  of,  318 

—  fire,  319 

-^  floating,  318 

—  from  dried  clay,  314 

—  the  burning  of,  315 
Brine,  boiling  down,  1G8 

—  common  salt  from,  168 

—  concentrating.  168 
Briquettes,  730 
Bromine  preparation,  193 
Bronze,  51 

Brown  ccal,  691,  716 
Brunswick-green,  56 
Buckthorn  dyers,  596 
Burners  for  wood  gas,  670 
Burning  of  the  bricks,  315 
Butter,  558 

—  chemical  nature  of,  559 

CADMIUM,  82 
Caking  coal,  719 
Calcining  or  roasting  the  ores,  48 
Calcium-sosp,  249 
Calico  dyeing,  6C>8 

—  printing,  612 

discharges.  611 

resists  or  reserves,  610 

thickenings,  610 

Calorifdres,  738 

Calorific  effect,  698 
Campeachy,  594 
Camwood  or  Brazil,  588 
Candle  nraking,  627 
Candles  from  fatty  acids,  631 

—  light  from,  620 

—  moulding,  628,  633 

—  paraflin,  630 

—  epenn,  634 

—  stearine,  621 

—  taUow,  629 

—  wax,  631 
Cane-sugar,  364 
Caoutchouc,  484 

—  and  gutta-percba,  mixture  of,  488 

—  production  and  c(>nsumption  of,  486 

—  solvents  of,  485 

—  vulcanised,  486 
Capsule,  or  sagger,  301 
Carbolic  acid  dyes,  580 
Carbon,  211 

—  imparting   to    wrought-iron,    for 

steel-making,  28 

—  sulphide,  210 
Carbonate  of  ammonia,  238 
potassa,  118, 121 


Carbonised  peat,  716 

Cardboard,  354 

Carinthian  cast-steel,  27 

Carmine-red,  689 

Carrara  and  Parian,  304 

Cartridges  of  needle-guns,  mixture  for 

igniting,  157 
Cassava  starch,  360 
Casein  as  a  cpraeiit,  562 

glue.  r>36 

Cashmere.  5(X) 

—  wool,  495 
Casselmann's  grven.  57 
Cassics's  purpl»»,  HI 
Cast-iron,  16 

—  crude,  re»melting,  18 

—  enamelling,  20 

—  grey,  16 

—  white,  16 
Cast-steel,  29 
Caustic  potaf  sd,  133 

—  soda,  189 

Cement,    artificial,    manufacture    in 

Germany,  330 
Cements,  327 

—  artificial,  328 

—  lutes  and  putty,  491 
Cementation  process,  107 
Centrifugal  drier,  381 

—  machine,  391  • 
Ceramic  or  earthenware  manufacture. 

293 
CereHls,  vinous  mssh  from,  426 
Chair  grate,  743 
Chamber  acid,  206 
Charbon  roux,  terrified  charcoal,  711 
Charcoal,  animal.  553 
Berlin  blue  as  a  by-product  in 

manufacture  of,  37 

—  burning,  706 

—  combustibility  and  heating  effect, 

711 

—  properties  of,  710 

—  reyivification  of,  555 

—  sulphur  obtained  by  the  reaction  of 

sulphurous  acid  on,  198 

—  torrified,  or  charbon  roux,  711 

—  wood,  704 
Chatham  light,  680 
Cheese,  559 

Chemical  metallur^ry,  4 
Chestnut  starch,  360 
Chili-saltpetre,  iodine  from,  192 

—  preparation  of  nitrate  of  potsssa 

from,  138 
Chimney  heating,  733 
Chinese  galls,  511 
China  grasn,  340 
Chlorate  of  potassa,  223 
Chloride  of  sulphur,  211 

zinc,  81 

potassium,  119 

Chlorine,  214 
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OhloriDe,  apparatas  for  preparing,  216 
Chlorine,  condenfline  apparatns,  217 

—  preparation    witnont  manganese, 

215 

—  prodaction  residues,  utilisation,  218 

—  residues,  other  methods  of  ntHiting, 

Chlorometrj,  221 
Chlorometrcal  degrees,  222 
Chromste  of  lead,  64,  66 

zioc,  81 

Chromatep  of  potassa,  applications  of, 

65 
Chrome-alam,  67 
Chrome,  oxide  or  chrome  green,  67 

—  red,  66 

—  yellow,  66 
Cinchonioe  pigments,  585 
Cinnabar,  91 

Clay,  kinds  of,  294 

—  pipes,  309 

—  preparation  of  alam  from,  258 
for  brick -making,  311 

—  ware  dense,  296 

kinds  of,  296 

porous,  297 

Clays  and  their  application,  293 

—  colour  of,  294 

—  plssticity  of,  294 

—  technically  important  qualities  of, 

293 
Clinkers,  Dutch,  318 
Cloth,  bough,  washing  and  milling,  499 
-~  dressing,  499 

—  fabrics,  600 

—  teaslinfr  and  shearing,  490 

—  white,  606 

—  weaving,  499 
Coal,  717 

—  Boghead.  722 

—  brown,  716 

—  caking,  719 

—  accessory  constituents  of,  718 
Coal-tar.  66C 

—  colours.  669 
Coal-gas,  646 

—  Berlin  blue  as  a  by-product    in 

manufacture  of,  37 

—  compoviiion  of,  668 

—  manufacture  of,  648 

—  manufacture,  by-products  of,  665 
Coals,  calorific  effect,  721 

—  classification  rf,  718 

—  evaporative  eflEect  of.  721 
Cobalt  and  potassa,  nitrate  of  prot- 
oxide of,  39 

—  bronze,  39 

—  colours,  37 

—  green,  39 

—  meUllic,  37 

—  protoxide,  chemically  pure,  39 

—  speiss,  38 

—  ultramarine,  88 


Cssruleum,  39 

Cochenille,  or  cochineal,  589 

Cocosrnut  fibre,  341 

Cocoon,  killing  of  the  pops  in,  503 

Coke,  665,  723 

—  composition  and  value  as  fuel,  729 

—  properties  of,  729 
Coking  in  heaps,  724 

—  in  ovens,  724 
Collodion,  162 
Colorine,  688 
Coloured  fires,  157 
Colours,  aniline,  575 

—  coal-tar,  669 

—  topical,  or  surface,  618 
Colza  oil,  637 
Common  pottery,  310 
Coolers  for  water,  309 
Copper,  43 

—  alloys,  51 

—  amalgam,  54 

—  and  nickel  alloys,  41 

—  blistered  or  crude,  49 

—  from  oxidised  ores.  49 

—  hydrometallurgical  method  of  pre- 

paring, 49 

—  ores,  treating  of  for  extraction,  44 

—  pigments,  56 

—  preparations  of,  54 

—  properties  of,  50 

—  refining,  46 

—  smelting.  English  mode,  47 

—  solution  for  electro-plating,  116 

—  stannate  of  oxide  of,  58 

—  sulphate,  54 

—  tiiming  of,  75 

Copper- plate  engravings,  reproductioUi 

Copperas,  31 

Coralline,  681 

Cordwain,  Cordovan  leather,  521 

Cordials,  preparation  of,  482 

Cork  pommels  to  rai».e  the  grain  of 

leather,  519 
Cotton,  342 

—  combini;  or  carding,  342 

—  detection  in  linen  fabrics,  343 

—  fabrics,  343 

—  species,  342 

—  spinning,  342 

—  substitutes,  343 
Crucibles,  321 

—  distillation  of  zinc  in,  79 

Crude  iron,  statistics  concerning  the 

production  of,  18 
Cryolite,  decomposition  of  by  ignitior 

with  carbonate  of  lime,  269 
with  caustic   lime   by  the 

wet  way,  259 

—  glass,  291 

—  preparation  of  alum  from,  258 

—  buda  frou',  188 
Cry8tal-gla8^  285 
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Cnpola,  or  shaft  furnace,  18 

Catch,  612 

Cjanide  of  poteflsiuiD,  35 

DAMASCENE,  30 
Decoction  method  of  prppaiins 
the  wort,  409  r    r~    s 

Decomposition  fornace,  uev,  173 
Defaseling,  445 
De-liming,  or  saturating  the  juice  with 

carbonic  acid,  373 
—  the  juice,  other  methods,  374 
Dbville  and  Debbay  8  method  of 

extracting  platiimo),  95 
Dextrine,  361 

Diamond  boron,  or  adamantine,  256 
Dinafl  bricks,  321 
Discharge  style,  614 
Discharges,  calico  printing,  611 
Distillation  of  the  mash,  431 
Distillery  apparatus,  432    , 

continuous,  440 

DIvidivi,  511 
DORH'S  apparatus,  433 
Drain  tiles,  318 
DuMONT  8  filter,  375 
DUNLOPS  process.  218 
Dutch  clinkers,  318 

—  tiles  318 
Dye-materials,  blue,  691 

—  red,  686 

Dyeing  and  printing  in  general,  568 

—  blue,  and  with    logwood    and    a 

copper  salt,  604 

—  calico,  608 

—  linen,  609 

—  spun  yam  and  woven  textile  fab- 

rics, 599 

—  silk,  606 

—  wool  blue,  601 
red,  606 

—  woollen  fabrics,  601 

—  yellow,  604 
Dyes,  568 

—  black,  605 

—  brown,  green,  and  black,  596 

—  carbolic  acid,  580 

—  green,  605 

—  red,  less  important,  691 

—  yellow,  595 
Dynamite,  Nobbles,  160 

EFFEBVESCINQ  wiies,  399 
Elayl  platino-chloride,  96 
Electric  light.  680 
Electro-metallurgy,  114 
Electro-plating  with  gold  and  silver, 

115 
Electro-stereotyping,  117 
Electrolytic  law,  114 
Electrotyping,  115 
Emerald  green,  68 


Enamel,  bone  glass,  290 
Enamelling  of  cast-iron,  90 
Engraving  steel,  31 
Etage  or  stage  grate,  742 
Etching  by  galvanism,  117 
Etmsoan  vases,  309 
European  amalgamation  process,  97 
Explosive  compounds,  tecbnoloffy  of, 
148 

FAGGOT  gradation,  168 
Fatty  acids,  candles  from,  631 

manufacture,  627 

Fayencft  ware,  307 
flowing  colours,  309 

—  ornamenting,  308 
Felspar,  293 

—  mode  of  obtaining  potasM  from, 

122 
Fei  mentation,  386 

—  after,  in  the  casks,  416 

—  alcoholic  or  vinous,  conditions  ol. 

389 

—  of  tne  grape  juice,  393 

potato  mash.  429 

beer  wort,  414 

mash,  427 

—  sedimentary,  415 

—  surface,  417 
Ferments,  substitutes  for,  456 
Fibre  vegetable,  technology  of,  338 
Filter  for  beet-root  juice,  375 
Fire-bricks,  319 

Fire*clay  stoves,  734 

Fire-gilding,  110 

Fireplace  jgulls,  745 

Fire,  requisites  for  producing,  546 

Firework  mixtupf  a,  commonly  used,  15« 

Fireworks,  chemistry  of,  148 

—  chlorate  of  potassa  mixture,  156 

—  friction  mixtures,  156 

—  grey-coloured  mixtures  for,  166 
Flame,  618 

Flannel,  600 
FIhx,  338 

—  combing,  340 

—  beating  or  batting,  339 

—  hot-water  cleansing,  339 

—  spinning,  340 

Flaxes  from  New  Zealand,  341 
Fleck's  process  of  preparing  phospho- 
rus, 543 
Floating  bricks  318 
Flowers  of  sulphur,  197 
Flue  heating,  739 
Franklinite,  9 
Frieze,  500 
Fritte  porcelain,  French,  304 

EngUsh,  304 

FucHS'8  beer  test,  422 

Fuchsin,  675 

Fuel  anifidal,  729 

—  and  heating  appaiatns,  608 
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Fael,  brown  coal  as,  717 

—  oombostibility  of,  698 

—  determination  of  combnsti ve  power, 

099 

—  elementary  analysis,  700 

—  inflammability  of,  698 

—  gaseouo,  730 

—  petroleum  as,  722 

—  pyrometrical  calorific  effect,  701 

—  specific  calorific  effect,  701 

—  supply  improved,  744 

—  Strombyeb's  test.  701 

—  value  of  coke  as,  729 
Fulling  soaps,  245 
Fulminating  mercury,  92 
Furnace,  cupola  dr  shaft,  18 

—  reverberatory,  18 

—  working  copper  ores  in,  44 
Fustic,  yellow  dye,  695 
Fusel  oilo,  removing,  445 

GALACTOSCOPE  to  test  mUk,  668 
Gall-nut,  611 
Gall's  Apparatus,  436 

—  fireplace,  745 
Galvanism,  application  of,  114 

—  etching  by,  117 
Galvanograpby,  117 
Galena,  69 
Garancine  587 
Garanceux,  687 

Gas,  Baldamus  and  Gbune's,  674 

—  burners,  665 

—  carburetted,  674 

—  charging  the  retorts  and  distilla- 

tion, 650 

—  conliDgorcoDdensingapparatu8,652 

—  distributioa  of,  600 

—  exhauster,  654 

—  general  introduction  and  historical 

notes,  645 

—  heating.  740 

—  Gillard's  platinum,  672 

—  for  heating  purposes,  731 
illuminating  testing,  601 

—  from  peat,  670 
petroleum,  070 

petroleum  oil,  or  oil  from  bitu- 
minous shales,  075 

suint,  075 

wood,  608 

—  holders,  050 

—  hydraulic  valve,  0  >1 

—  ISOARD'S.  074 

—  lighting,  raw  materiala  of,  046 

—  lime,  007 

—  mnnnfacture,  sulphur  as  a  by-pro- 

duct, 198 

—  meters,  004 

—  oil,  resin,  074 

—  pressure  regulator,  601 

—  products  of  the  distillation,  617 

—  purifying,  054 


Gas,  retorts,  648 

—  the  Bcmbber,  653 
Gag- water,  671 

—  —  ammonia  from,  230 
Gaseous  fuel,  730 
Gases,  blast-furnace,  15 

—  heating  with,  24 
Gatty's  process,  219 
Gay-Lussac  8  chlorometric   method, 

221 

Gentele*8  method  of  preparing  phos- 
phorus, 544 

Gerland's  method  c  f  preparing  pboa- 
phoruB,  544 

German  iron  refining  process,  21 

—  silver,  53 

Germination  of  thesofu-ned  grain,  406 
Gilding,  110 

—  by  the  cold  process,  110 
wet  way,  110 

—  porcelain,  bright,  303 
Gillard's  gas,  672 

Glass,  aluminium- calcium  alkali,  269 

—  aventurin,  291 

—  bleaching.  270 

—  bottle,  282 

—  classification  of  the  varions  kinds, 

268 

—  clear  melting,  275 

—  cold  stoking,  275 

—  coloured,  and  glass  staining,  289 

—  crown,  277 

—  cryolite,  291 

—  crystal,  285 

—  defects  in,  270 

—  definition  and  general  properties 

of,  208 

—  filigree  or  reticulated,  292 

—  ice,  291 

—  making,  raw  materials,  269 

—  material  melting,  275 

—  melting  and  clearing,  280 

—  optical.  280 

—  oven,  271 

—  painting,  281) 

—  pearls,  21)2 

—  plate,  270 

casting  and  cooling,  281 

— *  —  or  window,  276 
polishing,  281 

—  platinising,  282 

—  potassium-c^Ucium,  268 

—  potasfium-lead,  209 

—  preparation  of  the  material  and 

melting,  274 

—  pressed  and  cut,  283 

—  lefuse,  utilisation,  270 

—  relief,  291 

—  sheet  or  cylinder,  278 

—  silvering,  281 

by  precipitation,  281 

—  sodium-calcium,  268 

—  technology  of,  268 
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Qlus,  the  meltiog  Tenel,  270 

—  tools  for,  277 

—  TariooB  kinds,  276 

—  water,  283 
Glauber's  salt,  213 
Qloe  boiliDfT,  628 

—  drying,  631 

—  from  bone?,  632 
leather,  629 

—  liquid,  633 

—  substitutes  for,  636  ' 

—  test  for  quality  of,  633 
— *  treating  with  lime,  629 
Gluten  glue,  636 
Glycerine,  634 
Glyphography,  117 

Gold  alloys,  109 

—  applications  of,  110 

—  chemically  pure,  1C8 

—  colour  of,  109 

—  and    Bilver,  electro-plating   with, 

115 

—  extraction  from  other  metallic  oree, 

106 
poor  materials,  106 

—  leaf  for  gilding,  110 

—  mode  of  extracting,  105 

—  mode  of  extracting  by  medos  of 

mercury,  106 

—  mosaic,  75 

—  occurrence  and  mode  of  extracting, 

105 

—  properties  of,  108 

—  refining,  106 

—  salts,  111 

—  size,  489 

—  smelting  for,  106 

—  Bolution  for  electro-plating,  1 16 

—  testing  the  fineness  of,  109 

—  treating  with  alkali,  106 
Grain  germinated  drying,  407 
Grape-juicft  fermentation,  393 
Grape-sugar,  383 

—  preparation,  384 

—  uses  of,  386 
Grapes,  pressing,  391 
Grate,  BoQUiLLON  s,  744 

—  chain,  743 

—  dtage  or  staee,  743 

—  rotating,  744 

—  step,  742 

—  VOGL'S,  744 
Grates,  movable,  743 
Green  vitriol,  31 

preparation  of.  as  a  by-product 

in  alum  work?,  32 
Grenate  brown,  581 
Gruneberg's  method  of  estimating 

the  value  of  potash,  226 
Gun-cotton,  160 

—  as  a  substitute  for  gunpowder,  162 

—  other  uses,  162 

—  properties  of,  161 

49 


Gun-metal,  51 
Gunpowder,  148,  156 

—  caking  or  pressing,  150 

—  composition,  152 

—  drying,  151 

—  granulated,  polishing,  160 

—  granalation  of  the  cake,  and  sort- 

ing the  powder,  160 

—  manufacture,  148 

mechanical  operations,  149 

—  mixing  the  ingredients,  149 

—  products  of  combustion  of,  153 

—  properties  of,  151 

—  pulverising  the  ingredients,  149 

—  sifting  the  dust  from,  161 

—  testing  strength  of,  154 

—  white,  154 

Gutta-percha  and  caoutchouc,  mixture 
of,  488 

—  solventf,  487 

—  uses  of,  487 
Gutter  tiles,  318 
Gypsum,  333 

—  castF,  336 

—  grinding,  335 

—  hardening  of,  336 

—  kilns  or  burning  ovens  for,  334 

—  nature  of,  333 

—  uses  of  335    . 

HABANA  brown,  580 
HaQmatinon  astralite,  291 
llsematite  iron  ore,  8 
Heat,  mechanical  equivalent  of,  702 
Heating  apparatus,  731 

—  by  flues,  739 

hot  air,  737 

water,  739 

—  direct,732 

—  dwelling-houses,  732 

—  with  gases,  24 
steam,  740 

—  without  ordinary  fuel,  740 
Heaton  steel,  28 

Hemp,  340 

—  substitutes,  340 
Hides,  cleansintr,  614 

—  swelling,  615 

—  strippiog  off  the  hair,  615 

—  HOFMANN  8  process,  219 
Hollander  mill,  347 

Hops,  404 

—  adding,  412 

—  quality  of,  404 

—  substitutes  for,  405 
Hot-pressing,  finishing,  and  dressing 

616 
Houses,  heating,  732 
Hungarian  tawing  process,  624 
Hyalography,  292 
Hydraulic  main  for  gas,  600 

—  mortar,  327 

—  valve,  661 
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Hydrocarbon  prooess  (Whitb'b)  for 

watcr-gag,  673 
Hydrochloric  add,  211 

—  —  properties  of,  213 

nses  of,  213 

Hypochlorites  alkaline,  223 
Hyposulphite  of  soda,  201 
Hyposnlphnrous  add,  199 

ICE-GLASS,  291 
Illamination,  artiftdal  in  general, 
617 
Tkssib  du  Motay'b  method,  679 

—  T\'ith  lamps,  636 

I  nd  ia-rubber,preparation  and  use  of  ,486 
Indigo,  591 

—  properties,  592 

—  recovery  from  rags,  604 
— .  testing,  592 
Indigo-blue,  594,  602 

Ink  for  marking,  105 

printing,  489 

Iodine  from  carbonised  sea- weed  192 
Chili-saltpetre,  192 

—  preparation,  191 

—  properties  and  u'es  of,  193 
Iron,  8 

—  ca&t,  16 

—  cement,  493 

—  crude  16 

—  extraction,  9 

—  —  process,  theory  of,  10 

—  foundry  work,  18 

—  malleable,  tinning  of,  75 

—  metallic,  green  vitriol  from,  32 

—  minium,  32 

—  ore  haematite,  8 

magnetic,  8 

marsh,  9 

pea,  9 

spathose,  8 

refining  by  mechanical  meanp,  2i 

German,  21 

Swedish,  22 

—  sheet,  tinned,  75 

—  stones,  734 

—  wire  manufacture,  '2'> 
Isinglass,  535 
Isoaed's  gap,  674 

TUTE,  341 


jr  AOLIN,  293 


Kabmabscu'b     evaporation 
method,  G'J9 
Kelp,  130 

—  preparation  of  iodine  from,  191 
Kilns,  annular,  317 

—  for  burning  limeand  bricks,  325 
gypsum,  334 

lime,  continuous,  324 

occasional  or  periodic,  323 

Kino,  512 


KNAPP'a  leather,  625 
Kneading  machines,  453 

LAO  dye,590 
Lacquered  leather,  521 
Lactose,  sugar  of  milk,  657 
Lake  pigments,  568 
Laming  mixture,  667 
Lamp  with  constant  oil  level,  GiO 
Lamps,  636 

—  for  illumination,  636 

—  petroleum  oil  and  paraffin  oil,  644 

—  pressure,  641 

—  statical,    mechanical,    dockwork, 

moderator,  642 

—  suction,  639 

—  various  kinds,  639 

Lamy*s  refining  apparatus  for  sulphur, 

196 
Langieb's  apparatus,  443 
Lant,  ammonia  from,  234 
Lead  acetate,  64 

—  alloys,  62 

—  basic  chloride  of  as  a  substitute 

for  white-lead,  71 

—  chloride,  white-lead  from,  71 

—  chromate,  64,  66 

—  containing   silvei,   mode  of    pre- 

paring, 100 

—  metallic,  applications  of,  62 

—  obtained  by  caldnation,  60 
— predpitation,  59 

—  occurrence  of,  59 

—  oxide,  63 

combinations  of,  64 

—  preparations  of.  63 

—  properties  of,  62 

—  sulphate,  white-lead  from,  70 

—  peroxide,  64 

Le»den  pans,  concentration  in,  207 
Leather,  coidwain.  Cordovan,  521 

—  dressing  or  cuirjing,  518 

—  finishing,  519 

—  tor  glovts,  524 

—  glue,  529 

—  graining,  519 

—  jrreasing,  519 

—  Kjtapp  s  process,  525 

—  lacquered.  521 

—  moroooo,  520,  521 

polii-hiDg  with  pumice-stone,  619 

—  preparation  of  white,  622 

—  Russia,  520 

—  sf.le,  518 

—  the  paring,  518 

—  the  scraping  or  smoothing, 

—  upper,  518 

Lkblanc'8  proces',  theoij  of,  183 
l.i:rKiNCE's  water-gap,  674 
Ley,  242 

—  evaporation  of,  180,  257 

Light,  materials   and  apparatus  for 
producing  artitidaL  617 
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Lime  and  bricks,  kiloB  for  bnmiDg,  325 
lime-bnmdng,  322 

—  cements.  491 

—  light,  678 

—  preparation  of  fatty  acids  by  means 

of,  621 

—  properties  of,  322,  225 

—  tlaking,  326  • 
-^  sulphite  of,  201 

—  treating  glue  with,  620 

—  uses  of,  326 
Linen-dyeing,  609 

—  fabrics,  detection  of  cotton  in,  343 

—  goods  printinp,  616 
Litharge,  63 

—  revivification  of,  61 
Lithophanie,  303 
Litmus,  594 
Liquation  pr«'ces-j,  47 
Liquid  glue,  533 
Lixivisuon,  257 
Loam,  296 
Logwood,  594 

—  and  a  copper  salt  to  dye  blue,  604 
London  board,  354 

Lucifer  matches  manufacture,  548 
LuMOE*s  apparatus,  232 
Lustres,  309 
Lye,  raw,  breaking  up  of,  136 

—  —  boiling  down,  136 
treatment  of,  136 

MACHINE  for  paper-cutting,  353 
—  paper,  352 
Machines  for  mooiding  bricks,  312 
Madder,  586 
•—  flowers  of,  587 

—  lake,  587 
Msgdalar^d,  583 
Magenta,  575 
Magnesium,  114 

—  light,  670 
Magnetic  iron  on>,  8 
Malachite,  43 

Malleable,  bar,  or  wrought  iron,  20 

Mallet's  apparatun,  230 

Malt,  the  bruising  of,  408 

Malting,  405 

Mandarin  printing,  616 

Manilla  hemp,  341 

Manganese  and  its  preparations.  111 

—  soap,  249 

—  tehliDg  the  quality  of.  111 
Marking  ink,  1U5 

Marl,  205 
Marsh  iron  ore,  9 
Martin  steel,  1^8 
Martins  yellow.  682 
Mash  boiling  thick,  409 

—  distillation  of,  431 

—  from  potatoen,  427 
roots,  420 

—  with  sslphuric  acid,  428 


Mashing,  408 

Ma8c>icot,  63 

Matches  anti-phosphor,  552 

—  lucifer,  manufacture  of,  548 

—  wax  or  Testa,  553 
Mauve,  575 

Meat,  constituents  of,  562 

—  tbe  cooking  of,  563 

—  generalities,  562 

—  preservation  of,  564 

—  salting,  565 

—  smoking  or  curing,  666 

—  the  boiling  of,  564 
Meerschaum  pipes,  artificial,  337 
Mercurial  compounds,  91 
Mercuric  chloride,  91 
Mercury,  applications  of,  01 

—  extracting  by  Spanish  method,  80 

—  extraction  of  gold  by  mean-  of,  106 

—  fulminating,  92 

—  method  of  decomposing  by  the  aid 

of  other  substanceii,  90 

—  method  of  extracting,  pursued  in 

Idria,  87 

—  occurrciice  and  mode  of  obta-ning. 

87 

—  or  quicksilver,  87 

—  preparations  of,  91 

—  propf-rties  of,  91 

Metal,  coarse,  roasting  or  calcining, 

49 
Metals,  allojs  and  preparations  from,  4 

—  steel  and  other,  30 

Metallic  iron,  green  vitriol  from,  32 
Metallochromy,  117 
Metallurgy,  chemical,  4 

—  meaning  of  tbe  term,  4 
Meters  for  gas,  664 
Milk,  556 

—  mcHns  to  prevent  becoming  sour, 

657 

—  sugar  of — lactose,  557 

—  testing,  557 
Millifiore  work,  292 

Minaby's  process  of  preparing  phos- 
phorus, 544 
Mineral  green  and  blue,  57 

—  oil,  preparation  of,  694 

—  potash,  121 
Minerftlising  wood,  476 
Minium,  led-lead,  63 
Mohair,  405 

MOHB  S  me'ht)d,  225 
Moire-rnfc'alliqurt,  75 
Molasses,  .'>66 

—  beet,  382. 

—  potash  Irora,  122 
Mordants,  001.  600 
Morocco  leather,  520,  521 
Mortar,  326 

—  hardening,  327 

—  hydraulic  hardening  of,  331 
Mosaic  gold,  75 
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Moulds,  makingi  19 
Muffles,  diBlillation  of  zioc  in,  78 
Muriatic  acid,  211 
Must,  chemical  oonstitaentfl  of.  391 
Mjcoderma  aceti,  Tioegar  with  the 
help  of,  466 

NAPHTHALINE  blue  and  naptha- 
line  violet,  683 

—  pigments,  681 
Neapolitan  yellow,  85 
Neft-gil,  paraffin  from,  684 
Nettle  cloth  and  muslin,  341 
Nickel  and  copper  alloys,  41 

—  and  its  ores,  39 

—  metallic  preparation,  41 

—  properties  of,  43 

—  silver,  63 

Nitrate  of  ammonia,  238 

potassa,  134 

preparation     from     Chill* 

saltpetre,  138 

silver,  106 

soda,  soda  from,  189 

tin,  76 

Nitric  acid,  142 

blpAching,  143 

condensation,  144 

density  of,  146 

faming,  147 

in  saltpetre,  quantitative  esfi- 

mation  of,  140 
manufactuie,    u^her    methods, 

145 

uses  of,  147 

Nitro-benzol,  572 

—  pigment  directly  from,  681 
Nitro-glycerine,  168 
Nobel's  dynamite,  160 
Nut-gallP,  611 

OAK  bark,  609 
Oil,  blue,  67 

—  cements,  491 

—  colza,  mineral,  037 

—  gas,  resin  gas.  074 

—  varnishes,  488 

Oils  crude,  rectification  of.  689 

—  -essential  and  resins,  480 

extraction  by  fatty  oils,  481 

preparation  of,  481 

—  paraffin,  083 

—  purifying  or  re6ning,  636 

—  treatment  of  the  products  of  dis- 

tillation of,  089 
Oleic  acid  soap,  245 
Olive-oil  soap,  243 
Optical  glass,  280 
Ores,  4 

—  calcining,  or  roasting,  48 

—  dressing  of,  6 

—  oxidised,  copper  from,  49 

—  preparation  of,  6 


Ores,  smelting,  48 

—  smelting  of,  6 
Orchil  and  Perrio,  590 
Orpiment,  87 
Ovens,  coking  in,  724 

—  for  burning  gypeam,  334 

—  for  porcelain,  301 

—  or  kilns,  caiboniaation  of  wood  in 

706,  708 
Oxide  of  antimony,  84 
Oxidised  silver,  105 
Oxysulphuret  of  antimony,  85 
Ozokerite  and  neft-gil,  paraffin  from, 

684 

■p^ONINE  or  coralline,  681 

Pans  for  evaporating  beet-root  juice 

375 
Paper-cutting  machine,  353 

—  different,  kinds,  361 

—  drying,  351 

—  history  of.  345 

—  machine-made,  352 

—  making,  346 

—  manufacture  by  hand,  346 

—  materials  of  manuf  A"ture,  346 

—  pressing,  351 

—  pulp-bluing,  350 

—  sheets  straining,  350 

—  sizing  351 

—  sizing  the  pulp,  350 
Papier-mach^,  355 
Paraffin  candles.  630 

—  crude,  refioing  of,  690 

—  <rom  bitumen,  686 

—  from  ozokerite  and  neft-gil,  684 

—  HuBNEBS  method  of  preparing, 

690 

—  manufacture,  083 

—  oils,  083,  093 

—  oil  lamps,  044 

—  prepHraiiin  by  dry  distillation,  68 

—  from  petroleum.  684 

—  properties  of,  092 

—  yield  of,  091 
Parchmeut,  527 

—  paper,  355 

Parian  Hid  Carrara,  304 

Paste.  493 

PASteboard  making,  353 

Pattinson's  method  of  refining  silver, 

101 
Pea-iron  ere,  9 
Pearls,  blown,  292 

—  solid,  292 

—  glass,  292 
Peat,  712 

~  crtrbonispd,  715 

—  dryinp,  713 

—  jras,  (»70 

—  heating  effect  of,  715 

—  new  method  of  utilising,  716 
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Peoqner  eyaporating  pan,  376 
Penny's  indigo  tes^  593 
Penot'8  test,  221 
Peraa,  729 
Percussion  caps,  93 

—  powderp,  156 
Perfumes  chemical,  482 
Perfumery,  481 
Permanganate  of  po^assa,  112 
Petroleum  as  fuel.  722 

—  constitution,  696 

—  crude,  refining,  696 

—  oil  and  its  occurrence,  695 
gas  from,  675 

lamps,  644 

—  origin  and  formation  of,  695 

—  technology,  697 
Pettenkofeb*8  proce§B.  for  restoring 

pictures,  490 
Phenicienne,  phenyl  brown,  581 
Phenyl  blue,  581 
Phosphorus,  distillation  of,  538 

—  Flecks  process,  543 

—  making,  burning  the  bones  to  ash, 

538 
-^  manufacture,  537 

—  other  proposed  methods  of    pre- 

paring,  543 

—  preparing  by  Gentele,  Gebland, 

MiNABT,  and  Sondey's  methods, 

544 
^~  properties  of,  644 
and  preparation,  537 

—  red  or  amorphous,  515 

—  refined,  moulding,  541 

—  refining  and  purifying.  540 
Physic,  or  nitrate  of  tin,  76 
Picric  acid,  580 

Pictures,  rETTKNKOFER's  process  for 

restoring.  490 
Pig  or  crude  iron,  9 
Pikaba  hemp,  341 
Pigments  irom  cinchonine,  535 

—  lake,  568 

—  naphthaline,  681 

—  red,  586 
Pipes  of  clay,  309 
PiSTOBlus's  apparatus,  435 
Pit  coal,  717 

Plaster  of  Paris  forms,  moulding  in, 

299 
Platinum  alloys,  96 

—  black,  96 

vinegar,  with  the  help  of,  467 

—  gas,  672 

—  hammered  or  cast,  95 

—  method  of  Deville  and  Debbay, 

95 

—  occurrence  of,  93 

—  ores,  93 

—  piopertien  of  96 

—  retorts,  207 

—  spongy,  95 


Platinum,  Wollaston'b  method  of 
extracting,  94 

Porcelain  articles,  preparation  with- 
out moulds,  299 

—  bright  gilding,  303 

—  casting.  299 

—  clay,  293 

—  drying,  299 
the  mass,  297 

—  faulty  ware,  302 

—  French  fritte,  304 

—  glaze  applying,  300 

—  glazing,  299 

—  kneading  the  dried  masf,  298 

—  grinding  and  mixing  the  material, 

297 

—  hard,  297 

—  ornamenting,  303 

—  oven,  301 

—  painting,  302 

—  oven,  emptying  and  sorting   the 

ware,  302 
'  —  silvering  and  platinising,  303 

—  tender,  304 

—  moulding,  298 

—  the  potter's  wheel,  298 
Portland  cement,  329 
Potash  from  molasses,  122 

—  from  the  ashes  of  plant*,  122 

—  GEUNEBEBO'smethod  of  estimating 

the  value  of,  226 

—  purified  preparation  of,  133 
Potassa  and  cobalt,  nitrate  of  prot- 
oxide of,  39 

—  carbonate  of,  118 

—  chlorate  of,  223 

—  chromates,  applications  of,  65 

—  mode  of  obtaining  from  felspar,  122 

—  neutral  or  yellow  chromate  of,  64 

—  nitrate  of,  1 34 

—  permanganate  of,  112 

—  salts  from  sea- water.  122 

sea- weeds,  129 

suint,  132 

the  Stasefurt  salt  minerals, 

118 

—  source*  wheocf^  derived,  118 

—  sulphate  of,  121 

—  yellow  prussiftte  of,  32 
Potassium,  chloride  t  f,  preparation.  119 

—  cyanide,  35 
Potatoes,  mash  from,  427 

—  starch  from,  357 
Potato-mash  fermentation,  429 

—  starch  drying.  368 
Potter's  clay,  295 
Pottery  common,  310 

Printing  and  dyeir>g  in  general,  668 

—  ink,  489 

—  linen  goods.  616 

—  silk  goods,  616 

—  woollen  goods,  616 

—  of  woven  f abria^  609 


cu 
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Prussian  blae  on  wool,  604 
Paddling  fnmace,  22 

—  process,  22 

Palp,  bleaching,  for  paper,  349 
Palt  fires,  744 

Pumice-stone  to  polish  leather,  519 
Purple,  Capsius's,  111 
Pontes  distillation,  green  vitriol  fiom 
residues  of,  32 

—  preparation  of  sulphur  from,  197 

—  use  of  for  the  preparation  of  sul- 

phu^us  acid,  206 
Pyrotechny,  148 

—  chemical  principles  of,  155 

QUARTATION,  107 
Quercitron  bark,  596 
Quicksilver  or  mercury,  87 

RAGS,  cutting  and  deaoing,  347 
—  for  paper,  additions  of  mineral 
to,  346 

—  substitute  f(  r,  346 
Ravr  lead.  61 
Kealgar,  87 

Ked  arsenic.  87 
Red  lead,  63 

—  ftbosphorufl,  545 

—  pru9siate  of  potash,  35 
Refined  s'eel,  29 
Refining  copper,  46 
Resios,  483 

Ret  in  cements,  492 

—  gas,  678 

oil  gas,  674 

lUsin-tallow  soap',  245 

Resio,  use  of  as  sealiog  wax,  483 
Resume,  745 
Retort  furnaces,  650 
Retorts  for  gas,  648 

—  glas^,  conccntralion  in,  208 

—  platinum,  207 
Reverberatory  furnace.  IS 
Hbea  grass,  341 

Rice  staich,  360 

RiNM/CNN's.  OP  cobalt  green,  S9 

Itock  salt,  165 

mod«».  of  working,  1€7 

Roll  sulphur,  197 
Roofing  tileii,  318 
Rootp,  ma«»>»  from,  429 
Roseine,  575 
Rose's  apparatus,  232 
Rough  steel,  27 
huelna,  87 
Russia  leather,  520 
Russian  stoves,  734 

^ACCHARIMETRY,  369 
k5     Saccharometrical  beer  test.  Bal- 
ling's, 420 
8ago,  361 
Safilower,  589 


Sal*  ammoniac,  application  of  gasei  to 
the  manufactu'o  of,  16 

Salines;  method  of  obtaining  common 
salt  in,  164 

Salt,  common^  direct  oonTersiou  of 
into  soda,  188 

method  of  obtaining  in  salines, 

164 

method  of  preparing  from  sea- 
water,  163 

—  —  occurrence  of,  163 

—  —  properties  of,  169 

uses  of,  170 

Saltpetre,  134 

—  und  sulphur  mixture,  156 

—  crude,  reiining,  137 

—  mode  or  obtaining,  135 

—  occurrence  of  native,  134 

—  of  the  earth,  treatment  of,  135 

—  quantitative  estimation  of  nitric 

acid  in,  140 

—  testing,  140 

—  uses  of,  141 

Salt-springs,  mode  of  working,  167 
Samian,  or  oil-tawing  process,  525 
Sandal  wood,  588 
Sanitary  ware,  321 

Sap,  chemical  alteration  of  the  con- 
stituents of,  475 

—  elimination  of  the  constituents  of, 

474 
Saponification,  theory  of,  242 

—  with  lime,  623 
sulphuric  acid,  624 

water  and  hi^h  pn-ssure,  626 

Sauebwein's  method  <  i  decompoeition 
cryolite  with  ciustic  lime,  259 

84Xony  bine  603 

ScuAFFNEU's  f^u'phur  legen  ration 
proces-,  185 

ScHEELE  s  jireen,  57 

Schist  or  alum-shale,  257 

SCHWABZB  apparatus,  436 

SCHWEINFURT  green,  58 

Sealing-wax,  use  of  resin  as,  483 

Sea-weed  carbonized,  iodine  from,  192 

Sea-weeds,  potassa  salts  from,  129 

Sea-water,  method  of  prep:iring  com- 
mon salt  from,  163 

— •  potassa  salts  from,  122 

Sericiculture,  501 

Shaft  or  cupola  furnace,  18 

Shagreen,  537 

Shear-steel,  29 

Sheep-shearing,  498 

Shot  manufacture,  62 

Siderography,  31 

Siderolite  and  terralite  wnre,  307 

SiEMEN8*s  apparatus,  440 

Silica  ultramarine  preparation,  267 

SUk,  501 

Silk  bleachinff.  599 

—  dyeing,  606 
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Silk  goodd,  printing,  616 
— -  manipulation,  &03 

—  scoaring  or  boiling  the  flftim  out, 

604 

—  testing,  504 

— >  to  disiingalah  from  wool  and  vege- 
table fibre,  506 

—  weaving,  605 
Silkworms,  601 
Silver,.alioy8  of,  103 

—  alloy  for  plate,  103 

—  and  gold  for  electro-plating,  115 

—  and  its  occorrence,  96 

—  assay,  103 

—  chemically  pnre,  102 

—  extraction  by  amalgamation,  97 

AUGUSTiN's  method,  99 

the  dry  way,  100 

from  its  ores,  96 

—  —  sundry  hjdro-metallurgical  me- 

thods ot,  99 

—  German  or  nickel,  63 

—  mode  of  preparing  the  lead  con- 

taining, 100 

—  n.trate  of,  105 

—  oxidised,  105 

—  properties  of,  102 

—  reduction  by  means  of  zinc,  102 

—  refining  process,  100 

—  smelting  for,  directly,  97 

—  solution  for  electro-plating,  116 

—  ultimate  refining  of,  102 
Silvering,  104 

—  by  the  wet  way,  105 

—  —  fire  or  igneous,  104 

—  in  the  cold,  104 
Sizing  the  paper,  351 
Skin?,  513 

Skin  of  animals,  anatomy  of,  508 

Slaking  lime,  326 

Smalt,  38 

Smelt,  the  mixing  of  the,  5 

Smelting  for  gold,  106 

silver  directly,  97 

white  metal,  49 

—  of  nickel  ores,  40 
the  ore,  5 

—  operation,  products  of,  7 

—  procefs,  course  of,  13 
Smoke  consumption,  745 
Smoke-consuming  apparatuF,  741 
Snuff,  480 

Soap-boiling,      raw     materials      of, 

239 
Soap,  chief  varieties  of,  243 

—  insoluble,  249 
--I  making.  239 

—  tests,  248 

—  transparent,  248 

—  Uses  of,  248 
Soaps,  toilet,  247 

—  various,  247 
Soda- alum,  261 


Soda-ach,  171 

Soda,  alnminate  of,  26 

—  bicarbonate  of,  190 

—  caustic,  189 

—  crude,  conversion  of  sulphate  into, 

174 
liziviation  of,  176 

—  direct  conversion  of  common  fait 

into,  188 

—  from  chemical  processes,  172 
cryolite,  188 

nitrate  of  soda,  180 

soda  plants,  and  from  beet- 
root, 171 

—  furnace,  with  rotatory  hearth,    176 

—  hyposulphite  of.  201 

—  manufacture,  170 

—  occurrence  of  native,  170 

—  preparation  from  sulphate  of  soda 

187 

—  stannate  of.  76 

—  sulphate,  213 

—  sulphate  uses  of,  214 

—  ultramarine  preparation,  266 

—  waste,  sulphur  from,  198 

—  waste  utilisation,  184 
Sodic  nitrate,  141 

Soft  soap,  246 

Solferino,  575 

SONDRYS  procefsof  preparing  phos- 
phorus, 544 

Spathic  iron  ore,  green  vitriol  from,  32 

Spathoee  iron  ore,  8 

Sperm,  or  spermaceti  candles,  634 

Spinning  cotton.  342 

Spinning  flax,  340 

Spirit  from  dry  distiUation  of  wood, 
472 

—  manufacture  raw  materials,  425 

—  varnish,  489 

Spirits  from  the  by-prodncts  of  sugar 
manufacture,  4.30 

—  fiom  wine  and  marc,  4.30 

—  the  preparation  or  distiUation  tf, 

424 
Spongy  platinum,  95 
Stags,  5 

Btage,  or  6tage  grate,  743 
Stamp  machine,  347 
Stanfobd  and  Mobide's  method  of 

preparing  iodine  from  carboniced 

sea- weed,  1^J2 
Stannate  of  soda,  76 
Starch,  355 

—  commercial,  constituents  and  uses 

of,  360 

—  from  potatoes,  357 

—  nature  of,  356 

—  rice,  chestnut,  Cassava  airow-root-, 

360 

—  sources  of,  .357 

Starch-meal,  boiling  with  dilate  Bui* 
phuiic  acid,  384 


^^^^B                                              V^^P                                                                                            ^^1 

^^^^B            BUrch  flQgar  composiUnn,  3SG 

HtilphQr,  VH                                                  ^H 

^^^^H           Statiflticfl  conceruin^  the  product ioD 

--  as  a  by-product  of  gas  mjmnfac-         ^H 

^^^^^K                  of  crude  iron,  18 

tare,  TJd                                                 ^H 

^^^^H           StatiBtics  of  Bteel  pfodaciion,  31 

Sulphur,    by    beating    sulphuretted         ^^M 

^^^^H           Steam  brewing,  418 

bjdrogea«  11)3                                         ^^H 

^^^^^1            —  for  heating,  74(^ 

—  chloride,  211                                             ^H 

^^^^H           Stearino  candleS)  621 

^  [lowers  of,  197                                          ^^1 

^^^H 

—  for  retiDing  gold,  107                                ^^M 

^^^^H           —  aDd  Qtbor  metalB^  30 

—  from  Boda  waste,  19S                                 ^H 

^^^^^B           —  eDgravin^,  31 

-^  obtained  hy  the  reaction  of  ^ulpbu-         ^^1 

^^^^H          —  from  malleable    and    crude    oa^t 

reus  acid  on  charcoal,  IIIS                      ^^M 

^^^H                  iron,  20 

—  preparation  of  from  pyrites,  11>7               ^^M 

^^^^^H           —  production,  fitatistic*  of^  31 

—  prodactioQ    by    the    reaction    of          ^H 

^^^^1          —  properties  cf,  2d 

sulphuretted  hydrogen  upon  gol-          ^H 

^^^^^H          -*  hardenlDfr,  29 

phuroua  acid,  198                                      ^H 

^^^^H           Step  grate,  742 

—  proper  ties  and  niiea  of,  199                       ^H 

^^^^H          Stereocbiomj,  2S5 

—  rep^neration  process,  ScHAPFNER  ft.         ^H 

^^^^H           Stibium,  82 

^H 

^^^^m         Stooeware,  305 

—  smelting  and  refining,  104                       ^^m 

^^^H          »  Iftoqncred.  307 

Stilphureta  of  ariienic,  H6                               ^^H 

^^^^H          —  otohb,  30(1 

KulphuHc  acid,  201                                          ^H 

^^^H          Stofe  hoatiog,  733 

concentration,  2o<j                              ^^M 

^^^^^B          Btoveii  oompoimd,  733 

Hecom position  of  bone^ash  by.         ^^H 

^^^^H           —  iron,  734 

^M 

^^^^B           —  of  flre-claj,  734 

ijreen  yitriol  from,  32                         ^H 

^^^H           StrasB,  2SB 

for  Teflniofr  gold,  107                          ^^H 

^^^^H            Slyrian  cast-sted,  27 

—  ^  fuming.  202                                          ^^1 

^^^^^1            !Sugar-beet|  viDe^ar  from,  4G3 

manufacture,  other  methods  of,         ^^H 

^^^^K           Sag&r-eandy,  3S2 

^H 

^^^^H           Hijgar-cace,  3tj4 

mash  with,  428                                     ^H 

^^^^^H            —  component?,  364 

ordinary  or  English,  203                      ^H 

^^^^^B           Sogar^  draimnj;  the  crjfilale,  381 

>  present  manufactuie  of}  203                ^^H 

^^^H           ^  history  of,  362 

properties  of,  2<i9                                 ^^| 

^^^^H           —  manufacture,  3G2 

saponification  by  means  of,  G24          ^^| 

^^^^H          ,  —  beetroot,  307 

Beparation  from  the  sugar  solu-         ^^H 

^^^^B         '  —  spirits  from  the  bj-products  of,  430 

tion,  385                                                   ^H 

^^^H          —  nature  of, 

Sulphurous  add,  199                                       ^^H 

^^^^H          —  of  the  grape,  3[)2 

use  ofpyrites  for  toe  preparation          ^^H 

^^^^B         —  preparatioii  from  the  beet,  37C» 

of  sufphuroua  acid,  20ti                            ^^H 

^^^^H         —  prepaiatitm  of  moist,  ranr,  or  loaf, 

Sumac,  ^10                                                      ^^H 

^^^^1 

8un  hemp,  341                                                 ^^H 

^^^^^H         -7  raw,  preparation  from  tfao  sugar- 
^^^^H                cane,  3tio 

Swedish  iron  refining,  23                              ^^M 

^^^^H          —  production*  367 

rPALLOW  candles,  029                                ^H 
X     Tanning,  r)08,  GIG                                 ^^1 

^^^^H          —  refining,  3«>6 

^^^^H           —  removitig  from  Ibe  form,  S8l 

—  in  liquor,  517                                            ^^| 

^^^^^B           —  Bolutiou,  eTaporating  and  pttrifj- 

the  bark,  filO                                       ^H 

^^^^^1 

—  materials,  WJ                                            ^H 

^^^^^1           --  starch,  com  post  tioo,  336 

estimation  of  Tsioe  ol,  512                  ^^M 

^^^^H          —  varictiea  of,  36C 

—  quick  prooeis,  517                                      ^^M 

^^^^^H           Suint,  gas  from,  675 

^  the  several  operations,  513                        ^^M 

^^^^^B          —  potasaa,  aalta  from,  1^2 

Tor,  condensniion  of  the  rapours  of,          ^^M 

^^^^H          Sulphate  of  alnmlna,  261 

^H 

^^^^^V          —  —  alumina  and  alum,  ufca  of,  2G3 

—  distill Ation  of,  088                                    ^M 

^^^^H ammonia,  233 

—  mode  of  operatirg  with,  6S6                    ^H 

^^^^^H copper,  54 

—  preparation  of*  085                                     ^^H 

^^^^^H           _  _  potit^«n» 

—  properties  of,  687                                      ^^M 

^^^^H 

Tawer*9  softening  iron  to  smooth  the          ^^M 

^^^^B           _  — 

leiither.  519                                               ^H 

^^^^^H           —  or  decomposing  furtince,  172 

Tawing,  522                                                        ^^M 

^^^^H          Biilphates  of  alnmlna,  '2oij 

—  common,  522                                             ^^M 

'^^^^^          Hulphlde  of  carbon,  2 10 

Temperature  of  blast-furnace  at  dif*          ^H 

^^^H          Sulphite  of  lime,  201 

fcrcrit  points,  15                                      ^^H 
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Tempering?,  20 

—  Bteel,  30 
Terra-ootta,311 

Terralite  and  siderolite  ware,  309 

Thickeniogs,  610 

Thomsen's  method  of  decompositioa 
of  cryolite  by  ignition  with  "car- 
bonate of  lime,  259 

Tiles  drain  and  Rutter,  318 

—  roofing  and  Dutch,  318 
Tin,  73 

—  applicat'oDP,  74 

—  nitrate  of,  76 

—  preparatioi  s  of,  75 

—  properties  of,  74 
Tinned  sheet  iron,  75 
Tinning,  75 

—  of  copper,  brass,    and    malleable 

iron,  75 
Tinsalt,  75 
Tobacco,  477 

—  leaf,  chemical  composition  of,  478 

—  mannfacture,  478 

—  smoking,  479 

Tow,  or  tangled  fibre,  340 
Tabes,  distillation  of  zinc  in,  79 
Turkey  red,  608 
Turmeric,  596 
TuRNBULL's  blue,  37 
Turpentine  oil  Tarnishes,  490 
Tyraline,  575. 

UCHATIUS'S  steel,  28 
Ultramarine,  264 

—  artificial,  264 

—  cobalt,  38 

—  constitution  of,  267 

—  conversion  of  green  into  blue,  26G 

—  green  preparation,  265 

—  manufacture,  264 

—  native,  264 

—  properties  of,  267 

—  sulphate  of,  preparation,  265 

VACUUM  pans,  377 
Valonia  nuts,  511 
Varnish,  poHshing  dried,  490 

—  spirit,  489 
Varcishejs  488 

—  oil,  489 

—  spirit,  coloured,  490 

—  turpentine  oil,  490 
Vases,  Etruscan,  309 
Vegetable  fibre,  technology  of,  338 
Vellum,  527 

Verdigris,  58 

Vicuna  wool,  495 

Vienna  yeast,  450 

Vine  and  its  cultivation,  390 

Vinegar  and  its  origin.  460 

—  formation,  phenomena  of,  462 

—  from  alcohol,  461 
the  sagar-beet,  466 


Vinegar  from  wood  distillation,  469 
— -  making,  older  method,  462 
quick  process,  463 

—  testing,  467 

—  with  5ie  help  of  the  Mycoderma 

aoeti,  466 

—  platinum  black,  467 

—  the  manufacture  of.  460 
Vinous  fermentation,  387 

—  mash  from  cereals,  426 
Vintage,  390 

Vitriol  blue,  54 

—  —  applications  of,  56 

—  double,  55 

—  green,  31 

from  metallic  iron  and  sul- 
phuric acid,  32 

from  the  residaefl  of  lyrites 

distillation,  32 

in  beds,  preparation  of,  32 

preparation  of,  as  a  by-product ' 

in  alum  works,  32 

uses  of,  32 

—  white,  81 

Violet  and  blue  naphthaline  pigments, 
583 

—  imperial,  577 
VoGL'  s  grate,  744 

Voltaic  electricity,   copper   obtained 

by,  50 
Volumctrical  method,  224 
Vulcanised  caoutchouc,  486 

WALKERITE,  295 
Warming,  731 
Water,  405 

—  cooler**,  309 

—  gas,  671 

carburetted,  672 

Leprince's,  674 

—  hot,  for  heating,  739      * 

Wax  candles,  631  « 
making,  633 

—  or  Vesta  matches,  553 
Weaving  silk,  505 

—  the  cloth  499 

linen  thread?,  340 

Weld,  596 

Wkldon's  chlorine  process,  219 
Wheat  starch,  preparation  of,  358 
Whey,  557 
White  gunpowder,  154 

—  lead,  67 

adulteration  of,  72 

application  of,  72 

English  method  of  manufac- 
turing, 68 

French  method  of  preparing,  69 

from  chloride  of  leiad,  71 

sulphate  of  lead,  70 

manufacture  at   Clichy,  app> 

ratus  used  in,  69 
properties  of,  71 
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White-lead,  thcorj  of  preparing,  70 

—  vitriol,  81 
Wine,  390 

—  dearing  and  finiriGr,  309 

—  oonBtitnents  of,  393 

—  drawing  off  and  caskiog,  393 

—  making,  390 

—  —  the  residue  or  waste.  399 
.—  must,  improving  the,  401 
Wines,  ageing  and  conservation  of,  397 

—  effervescing,  899 

—  maladies  of,  896 

Wire,  iron,  manufacture,  25 
WOLLASTON's  method  of   extracting 

platinum  from  its  ores,  94 
Wood,  702 

—  charcoal,  704 

—  —  composition  of,  711 

—  Boucbebie'b  method  of  mineral- 

ising, 477 
*  —  carbonisation  of,  705,  708 

—  constituents  of,  703 

—  dryinfr,  474 

—  gas,  668 

—  burners,  670 

—  heating  value  of,  704 

—  in  general,  durability,  of,  472 

—  preservation,  472,  474 

—  roasted,  rois  boux,  712 

—  spirit,  472 

—  vinegar,  469 
Woods  alloy,  82 

Wool  and  vegetable  fibre,  to  distinguish 
silk  from.  506 

—  artificial,  499 

—  carding.  498 

—  chemical  compcsition  of,  495 

—  colour  and  g'ofs,  497 

—  dyeing,  498 
red,  605 

—  oiling  tr  greasing,  408 

J—  origin  and  properties  of,  494 

—  preparation,  497 

—  -  properties  of,  497 

—  f^pinuing,  498 


Wool  eortiog,  498 
— >  washing,  498 

—  willowing  or  devilling,  498 
Woollen  fabrics,  dyeing,  601 

—  goods,  prihting,  616 

—  industry,  494 
Wootz-steel,  30 
Worsted  wool,  500 
Wort,  boiling,  411 

—  cooling,  413 

—  extractives  of,  411 

—  preparation  of,  408 

—  preparion,  infus'oa  method,  410 

YEAST,  387 
-  dry,  449 

—  so-called  artificial,  450 
Yellow  cbromate  of  potaesa,  64 

—  dyes,  595 

—  prussiate  of   potash,  applicationa 

of,  35 

—  Bulphuret  of  arsenic,  87 

—  wood,  595 

Yufts,  Ruesia  leather,  520 

ZIERVOGEL'S   method  of  silver 
extraction,  99 
Zinc   and   tin   solution  for  electro- 
plating. 116 

—  applications  of,  80 

—  chloride,  SI 

—  cbromate,  81 

—  distillation  in  crucibles,  79 

mufiies,  78 

tubep,  79 

—  method  of  extracting,  77 

—  mode  of  obtaining  from  sulphuret 

of  zinc,  79 

—  occunence  of,  77 

—  preparations  of,  80 

—  properties  of,  79 

—  reduction  of  silver  by  means  of, 

102 

—  sulphate,  81 

—  white,  80 
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APPLETONS* 


AMERICAN  CYCLOPEDIA 


aKTE^w"   iiB"^nsEi>    zBnDiTioisr- 


Entirely  rfiaritkn  by  the  ablest  writers  on  every  sultject.      Printed  from  nrza  fvA', 
ami  iiiuslmted  wt'tA  Several  Thousand  Eng^ravin^s  and  Maps* 

Tho  work  oniifmftlly  publinhcd  under  the  title  of  Thk  New  Aitericax  CYcu)p^m\  wbuk 
completed  in  \^*y^,  ?»Tn<?«:»  >vhieli  time  the  wide  circukition  which  it  hue  nttJiined  in  nil  prirt*  <it 

ftcivnw,  li  tndut'fti  the  editorw  and  jmblibherM  U'  act 

andthoTi.  _  -lie  a  new  edition  entitled  The  Amlrh 

Within  tilt?  liLHt  ten  >eiu«  the  iirfi^rcf!**  of  diecovtry  ia  every  dc{>ajtu)<iut  t>l  kuowlcdg^ 
hjifl  made  a  Dtw  work  of  reference  an  impemtive  want. 

The  movement  of  poHtieal  ntfiiirH  ha>»  kept  pace  with  the  discoveries  of  sci'  ■  '  their 
fniitful  ftppUcatiori  to  tlu^  industriul  niid  ntiet'ul  arts  and  the  convenience  iitul  t  i»f 

social  life.    Great  wars  and  conneqijent  revylutionis  hove  occurred,  luvolving^ii;  r  ij t»4 

of  peculiar  moment*  The  civil  war  of  our  own  cc»untr>-,  which  was  at  its  htight  wIkh  ilie« 
lost  vohunc  of  tlie  old  work  appeared,  has  hAppilv  been  ended,  und  a  new  cburte  of  earn- 
jneroial  and  industrial  activity  haj*  been  coumicncea. 

'  Lruge  aecti^fiions  to  our  geographical  knowledge  have  btien  uiado  by  the  tndef&Ugable 
oxplorurs  of  AtHca. 

The  \iVvAi  political  revolutions  of  the  hipt  decade,  with  the  nnt^     '         '  "      '     -.   of 

time,  have  brouirht  into  public'  view  a  mnltitude  of  new  men.  ^ry 

ouu*H  mouth,  and  of  who:*e  lives  evtrj  one  ia  curious  to  know  Ui    ,  bat- 

tles have  been  fou^ht>  and  important'  pietft'B  maintahiedT.  of  whieh  the  dehnlb  are  tw*  T<?t 
proiierved  ouly  iu  thl^i  newMpapers,  or  in  the  trantsient  publication.H  of  the  dav ,  hut  whicb 
ought  now  to  take  their  place  in  pemianent  andnuthentic  higtory. 

In  preparinif  th«  prtrfcnt  editK>n  for  the  nre.'^s,  it  lui*^  a^corr'iinijlv  been  the  aim  of  ihc 
editors  to  bring  down  the  informutlnn  to  the  latcbt  possilile  dnti w,  ana  to  furnish  an  ACcurBte 
ucv'ouut  of  the  most  rec^jut  discoveries  in  science^  ot  cvcrj'  fresh  production  in  literature,  and 
the  newest  hivention"*  in  the  praetienl  arts,  as  well  ne  to  give  a  eucoiuct  and  orighui]  uncord 
of  the  pro^resi*  of  political  ana  historical  t  vent*. 

Tho  work  has  been  bc^un  after  long  and  careful  jpreliminary-  labor,  and  with  the  rooit 
ample  reskiurccs  for  carrv in^'  it  on  to  a  Mucecif^ftliil  termmation. 

None  of  the  oritrliuJ  stereotype  plates  bftve  been  used,  but  ever>-  miarc  bus  been  prioted 
on  new  type,  fonniuif  in  fact  a  new  ryeloimdin,  with  tho  same  plan  and  compass  as  iU 

{iredeccBJsor,  but  \^ ith  a  far  creater  pecuniar^'  expenditure,  and  with  i^uoh  improvements  in 
19  composition  cis  have  been  su^vcj^ted  by  fonirer  experience  and  enlarged  kno\*  ledge* 

The  illustrations,  which  are  introduced  for  the  first  time  in  tho  iSri^aent  edtHou,  bmvo 
been  added  not  for  tne  sake  of  pictorial  effect,  but  to  give  ^^ater  luciaity  and  force  to  tbo 
explanations  in  the  text.  They  embrace  all  branches  of  itcience  and  of  notural  histor)-,  ond 
tlepict  the  most  tamou.H  and  remarkable  fcHtures  of  Hcenerj,  architecture,  ond  art,  ns  well  at 
tlie  various  proix'S-«<C8  of  incehanicj^  and  manufactures.  Although  intended  tor  in^truetion 
rather  Hum  embellishment,  no  paiuH  have  been  Kimred  to  InBure  tlieir  artintic  exeellenee  ; 
this  cost  of  their  execution  in  enonuous,  and  it  is  believed  that  they  will  find  a  welwiuv  re- 
ception a«  an  athnirable  feature  of  tho  Cvdopjediii,  and  worthy  of  its  high  chamcter. 

TlUB  work  is  sold  to  aubseribers  only^  payable  on  delivery  of  each  volume.  It  will  be 
completed  in  sixteen  largo  octavo  vohmiCM,  each  containing  about  8oO  pn^'^e*,  fullv  Utu»tliited 
with  several  thous^ind  Wood  Kngravings,  and  with  numerous  colored  Lithograpbie  Mupt, 
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In  extra  dotkt  per  voL     ,        .        .        .      $5.00 
Ih  tihntfy  ifatktr^  per  V0L  .         .         6.00 

itt  half  turkey  moreceCt  p^r  fuL      ,        .        7.00 


/«  kni/  nuMm,  extra  gitt,  ^r  v^ 

Imjktl  mtrocca  aMft^ue,  gilt  evfgest  fer  f*A     t««e 

/m  /mU  ru4imf  j^r  veh      ...        *       fo.00 


Fourtoon  volumct  now  rc^idy.    Succeeding  volamea,  until  completion,  will  be  iMiied 
oneo  in  three  nionthfi. 

^  %*  Bpceimen  pages  of  the  Axebicatt  CircLorj:DLA,  shQWing  type^  illuAtrationA,  6t0*| 
will  be  «otit  gnitis,  on  Application. 

D.   APPLETON-&  CO.,  Publishers, 

•549  &  SSI  Broadway.  New  York. 
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eOAJlU'CTItt*    Bt 


E-    L,  3roxT3^,^isrs- 


Thu  periodical  was  started  {in  1872)  to  promQte  the  diffmioH  0/ valuahle  scienti/Se 

kmiwfedge,  in  a  readabU  and  attractive  firm,  amon^  all  classes  of  the 

communiiy^  and  has  thus  far  met  a  numt  supplied  by  no 

other  magazitie  in  the  United  States^ 


Eight  Tolamea  bare  now  iippeand,  wfak'h  Arc  filled  with  Inntnictlve  jjid  Int4're5libf2r  ortk  lea  olid  Ab^ 
itnicta  of  urtlclei,  ciri^Rl,  »ej©ct«l,  tr*r»''^»"  '  -^nrl  IMufttnitett  from  the  pens  of  tbo  leaUtnj^  Bclcntifli?  men 
ofdiBereDt eooBtries.    Aoooants of  1  iitltJc  dl»«'<>veHt*a,  the  A|>pllc«tlctD  of  ftcUuiii'  to  iho  |»rttC' 

tl«ttl  artii.  and  the  lateit  views  put  f  n  j  udlural  pbcnooitf a&,  buvc  hr«D  i^lvt^n  by  mtravtt  uX  tbo 

bl^h'-^f  ,., .!■>.■. h^nv     Prominent  attcuU  f..  i.^    .  -li*  dso  dcToted  to  tlio«e  vartouB  scloDce*  wUkb  litl|*  UMi 
bev  !!Dg  of  thii  luitiiro  of  mao,  to  tlu'  buurln^  of  Adence  upon  thi^  qoeRtlonii  of  soelrty  nnd 

(fov  k'citlAe  c-^lncutioD,  And  to  the  cxinllirt*  wbU'h  spHujf  ffoni  the  progn-aBke  noture  of  sclrn- 

TrtTi  PoprLAii  Srii!?<cE  Mokticlt  biw  lou^r  »lt»co  c«iM»fl  to  be  en  oxpt'rtiiujnt  It  ban  {iuH«ctl  luto  » 
circulation  flir  boyond  tlie  moet  Muigtilni*  bopi^'t  at  first  entfirtalniHi,  and  thti  ff>r<llal  and  IntelilLRciit  upprorol 
which  It  hM  ever5T*-ht'n>  iiu^l,  showit  that  It»  olost*  and  iDStracllvi?  dlNMi(»*lon*  have  been  well  approcUiteil 
by  tho  ri'iidink'  portion  of  the  Amerkmii  iM>ople.  It  baa  nut  \w^t\  iti^  policy  to  iiiake  bowtftll  |tn}DtlR»  of 
gTt%t  thSn;,^^  to  Ih?  doru^  in  th«riitur»%  bsri  rather  to  Jtppe^)  to  what  it  Iiaq  aJreiuly  accampllUb«l  M  gfTlag 
It «  rlatra  ii[>*>ti  popular  piitn>Duge.  But  tio  palUA  will  t>«  ipored  to  itoprovc  it  and  uako  It  BtUl  oiore  worthy 
of  liberal  sujfport,  and  stJiJ  lomix'  ii  ncee^^lty  to  the  cultlrat^l  dosM^ii  of  the  country. 

Th(  folloHiui^  r|Tigitation»  llliistrato  tin-  way  {t  ham  tNeen  habitually  ftpokeu  of  by  the  preu: 

'*  That  there  l«  a  place  fr>p  Tiik  Popular  :k  iksck  '•  Tld»  lji  a  bl^hly-auftpJcloiii!  bt'irltinliig^  of  a  use* 

MONiTiLY.  Do  one  can  doubt  who  luis  watched  iho  '    ful  and  niueh-neideil  enttTtiriiMj  In  the  war  of  piib- 


Bteadv  incrt-ajt'  of  imon'st  in  ach'iitlMo  lnveiit(;^tIoii 
rnanifrj'ated  In  Ltiis  country,  not  onlv  by  a  tiU'K'Ct  cTitAS, 
but  by  tht?  entire  eiuumrnlty/^— ^Vj^uf  York  'JY/ftfji, 

"'  We  think  it  i!§  not  too  much  Ui  say  that  ihl^  U 
thj  b<^st  prut  n  umbtr  of  any  maffozhie  ever  pub- 
ibhc"i:l  lu  AjiieHca/'— jVrtC  York  WorUi. 

**\  j0Qrnal  whUh  nroniisca  ta  bn  of  eminent 
value  to  iht»  eauwr  «r  poimlar  education  in  this 
co\mtrv"—A^ew  York  Triuunt^ 

'*  1'  '-  ' ""I  eomparlwn.  the  best  atLecnpt  at 

jour 'I  kind  ever  uiad(»  1u  this  country.'* 

-// 

"1:^  .    .^.j.it  lA  wanted  by  tbo  curious  and 

progreA»iv€  mind  of  ibiii  couQtr)%  anil  ouffht  to  bo 
widely  clrculait'^1.'"— a;  ^p  York  Evm^ngPofii. 

"  1 1  ii  the  first  flucecssfu]  tittenipt  in  tbifl  country 
to  n«pularl2e  Mncnco  in  the  riaifes  of  a  niDnthly/* — 
N.  Y  SchoolJoHma/. 

"Tub  Monthly  ha*  moro  than  ftdftlk-d  nil  the 
pronttses  which  the  publishers  marie  in  the  tiro* 
spt^^tu!}  of  publication; '—jViayflra  FaUji  Guseiie. 


liRation,  fur  which  the  pciblic  owe  a  ffpeelal  debt  of 
obllfmtion  to  Mee^i  ^,  D,  Aj'plcton  ik  Co/^ — BotfOn 

"  This  new  ma|^i.izlne,  In  otir  c^tltnatlon,  baa  mora 
merit  than  tbo  whole  bnwd  which  have  prwedcd 
iV'''0»%Btgo  Pre**, 

**■  In  our  opinion,  the  rlKhl  idea  haa  been  liapnUv 
hit  iu  thti  plan  of  this  new  uionthly/^— ^i^^fo/o 
Courier. 

"Thl*  I5  one  of  the  Terr  h^t't  perlodlealii  of  It^ 
Xind  [laMUbed  in  the  wom.^  lt»  ttirpni  of  mntrlbU' 
tor«^  ci>!u(irijie  iiiany  of  the  ablest  ujJudA  kuow-n  to 
Bck'Uce  and  Ut^rature.  It  i«  doink'  n  ^ruat  and  nohh 
wwk  In  itopularlztnik'  ^citn*  1%  pnouiolini;'  the  growth 
of  reason,  nnd  kvtHnff  tht*  iKilikmiuL^  of  old  »»- 
ii*;r»tttioiia  rtmiYd  hi  the  clj11dh<>)d  of  ouj  race  be- 
fore It  waa  cApohJe  of  nai^onitif:.''— 7Vi^  American 
Mtdictjl  Journal^  8t.  IjutU,  Mo^ 

'•This  tiUMrBziii«  ih  \rorth  \\»  wei|?ht  In  i;«ld,  fur 
tta  (lervice  in  cducatintr  the  people."—  The  Amtfican 
JourmU  of  Education,  St,  t&uU^  Mo. 
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A  MONTHLY  MISCELUNY  OF  POPULAR  LITERATURE, 


PTE-s^  se:b,xss. 


TWBNTY^FIVE  CENTS  PER  NUMBER.      THREE  I>OLLARS  PER  ANNUM. 


Applftons*  JoiiRNAi.  IS  HOW  publiihcd  Hioitthty :  it  is  ttcvotcd  to  popular  literature  and  all  matters  of 
t  -^-  -■  -ncral  culture— published  at  rt  pncc  to  bring  it  within  the  reach  of  all  clauses.  It  c^iniainc  lu- 
1,  in  the  form  of  icrial.-v  ajid  short  stHtie*;  papers  jjniphically  deii.riptivc  of  picturesque  places; 
.  men  ornate,  and  upon  the liabtt$  tof  different  peoples :  r.s«iayi  upon  hou&choidund  social  topics; 
arnci' ':.  o(  travel  and  adventure;  scicutiiic  and  industrial  articles  written  in  a  (graphic  and  p^pidar  style. 
In  brief,  the  aim  Vi  to  be  coniprehen«i%c,  including  in  us  |.laa  all  brarchcs  of  literature  and  ail  themes  of 
interest  to  intelligent  readers.     l'!ai:h  number  i«  tllustmtcd. 

Trhms:  Three  dollars  per  annum,  postage  prepaid,  T<^  all  f.iib<^:riberm  iu  the  United  States;  or 
Twcnry-fivc  Cent*  per  nurnber.  A  Club  of  Four  Yearly  Sub^rlpitons  will  entitle  the  sender  to  an  extra 
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THE  POPULAR  SCIENCE  MONTHLY. 

CONDUCTED  BY  E,  L,  YOUMANS. 

This  periodical  was  ttarted  (in  1873)  to  promote  tbe  diffusion  of  valuable  scientific  knowledge,  in  a 
readable  and  attractive  rjrm,  amont;  all  classes  of  the  community,  and  ha«  thus  far  met  a  want  supplied  by 
no  othrr  m  li-n.^inc  in  the  United  States. 

<  iiructive  and  interesting  articles  and  abstract*  of  arlicTcs,  angina^  selected,  translated, 

niid  1  '■  111  the  pens  of  the  leading  scientific  men  of  diflfcnrnt  countTics;  accounts  *-.f  trnportant 

sdicntu.  .,4(v?,  the  applicadun  of  science  ta  the  practical  arts,  and  the  latest  views  put  forth  ca&ccm- 

ing  natural  phenomena,  h,^vc  been  given  by  satumh  of  the  highest  authoniy.  Prominent  attention  luc 
Itcen  also  devoted  to  those  various  sciences  ivhich  Help  t  m  a  l>eiter  understandiniz  of  the  nature  tif  man.  Un 
the  bearincT*  of  science  upon  the  f]UC5tions  of  societj'  and  jeovcmment,  to  scientific  education,  and  %v  il.€ 
conflicts  whtch  spring  frum  th-  pro^rc^-sivc  nature  of  scientific  knt»wledge. 

The  PopuI-AH  Scikkce  Monthly  is  T>uUi*hed  monthly  in  a  larjfc  octavo,  handsomely  printed  on 
clear  type^  and»  when  the  »ubjectsi  admit,  fully  illuitrated.     Each  number  contains  taS  pages.- 

TtKKS:  $5.00  per  annum,  or  Fifty  Cents  per  Number.  Postage  fre«  to  oil  Subscribers  in  the  UDiled 
States. 
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Ah  International  Gallery  of  Engrmings^ 

BY  DISTINGUISHED  ARTISTS  OF  EUBOPE  AND  AMERICA  ; 

WfTH    lLl,U&TlkArSD    PAFEKS    IN    THR   VaKIOVS   BRANCHES    PF    ART. 

The  Art  Jourmai.  isaouorto  monthlv  publicalitm,  superbly  illustrated  wt\<\  x—"^  -  '  --^  illy 
devoted  to  the  world  of  Art— Painiing,  Sculpture,  Architectupe,  Decoration,  Engi  na- 

eling,  and  DesJ^ntng  in  all  iti  br^iiichcs— having  in  view  the  double  purp"*e  of  4U|.|  iiij.- 

traied  record  of  projjress  in  the  Art*,  and  of  affording  a  means  fnr  the  cultivation  ot  /^ni^i-rr  ,ui»"ii;.;  the 
people.  Each  number  is  richly  and  abundantly  illusirated  rn  b<Tih  steel  and  wood,  and  no  pains  arc  spared 
to  render  this  '*  Art  JoL'R^•,^^L**  the  most  valuable  ptdjlication  of  the  kind  wi  the  world.  It  couti<tn»  (he 
Steel  Folates  and  lltustrniiuns  of  the  London  Aut  Journal,  a  publication  of  world-wide  fame  nhe  cadu- 
sivc  right  of  which,  fur  Can.ida  and  the  United  States,  has  been  purchased  by  the  publisher*) ;  with  $ritH^ 
shv  aiidithnx  dn^oini primij^xtly  to  Autiti^an  Art  nnti  Amm'uin  iefkf.  rubltshed  moHthiy,  S^fiif 
pii/y  by  SHbicHf>th*t,     Price,  75  Cents  per  Number;  ^9.00  per  Annum,  postage  prepaid. 

Subscription*^  received  by  the  Publisher*,  or  their  AccnU-  AcKMCirs:  «  Hawley  Sl,  Boston ;  m 
Chestnut  St.,  Philadelphia;  a  Post-Ofltce  Avenue.  Baltimore:  53  Ninth  St,  Pittsburg;  too  Slate  Sr., 
Albany;  4*  Siai-J  Si.,  Rochrstcr:  103  Slate  St ,  Chicago:  30  W,  4ih  St.,  Ciocinnatl ;  305  Locust  St.,  Sl. 
Ix»ttts;  ao  Sl.  Charles  St ,  New  Orleans ;  330  Sutler  St ,  San  Francisco. 
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NATURAL   PHILOSOPHY: 

AN  ELEMENTARY  TREATISE. 
By   PROFESSOR    DESCHANEL,  of  Paris. 

Translated,  with  Extensive  Additions, 
By  J.  D.  EVERETT,  D.  0.  L.,  F.  R.  S., 

PB0FE880B  OF  NATimAL  PHILOSOPHr  IN  THE  QUCEN'S  COLLEOE,  BELFAST. 

1  vol,  medium  Svo.     Illustrated  by  760  Wood   Engravings  and   8  Colored  Plates. 
Cloth,  %    .    Published,  also,  separately,  in  Four  Parts.     Limp  cloth,  each  $1.75. 

Part  I.  MECHANICS,  HYDROSTATICS,  and  PNEUMATICS.  Part  II.  HEAT. 
Part  III.  ELECTRICITY  and  MAGNETISM.    Part  IV.  SOUND  and  LIGHT. 

Saturday  Review. 

"  Systematically  arranged,  clearly  written,  and  admirably  illustrated,  showing  no  less 
than  760  engravings  on  wood  and  three  colored  plates,  it  forms  a  model  work  for  a  class 
of  experimental  physics.  Far  from  losing  in  its  English  dress  any  of  the  qualities  of  mat- 
ter or  style  which  distinguished  it  in  its  original  form,  it  may  be  said  to  have  gained  in 
the  able  hands  of  Professor  Everett,  both  by  way  of  arrangement  and  of  incorporation  of 
fresh  matter,  without  parting  in  the  translation  with  any  of  the  freshness  or  force  of  the 
author's  text" 

AthencBum, 

"  A  good  working  class-book  for  students  in  experimental  physics." 

Westminster  Review. 
"An  excellent  handbook  of  physics,  especially  suitable  for  self-instruction.  .  .  .  The 
work  is  published  in  a  magnificent  style ;  the  woodcuts  especially  are  admirable." 

Quarterly  Journal  of  Scieyice. 
**  We  have  no  work  in  our  own  scientific  literature  to  be  compared  with  it,  and  we  are 
glad  that  the  translation  has  fallen  into  such  good  hands  as  those  of  Professor  Everett. 
....  It  will  form  an  admirable  text-book." 

Nature. 
"  The  engravings  with  which  the  work  is  illustrated  arc  especially  good,  a  point  in  which 
most  of  our  English  scientific  works  arc  lamentably  deficient.  .  .  .  The  clearness  of  Des- 
chancVs  explanations  is  admirably  preserved  in  the  translation,  while  the  value  of  the 
treatise  is  considerably  enhanced  by  some  important  additions.  .  .  .  We  believe  the  book 
will  be  found  to  supply  a  real  need." 

D.    APPLETON    <&.    CO.,    NEW   YORK. 
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Heat  as  a  Mode  of  Motion* 

One  vol.,  i2mo.     Cloth,  $2.00. 

"  My  aim  nas  been  lo  nsc  to  unc  level  ctf'  tncse  questions  irom  a  oftSu  so  etexDCQtaiy.  t^  *  V^ ^  ,— 

scssing  any  imagioadve  facuitv  and  power  af  conceotiatMiD  niigbt  acGoroottov  me/ — ^>f9JMr  At^M^r^x 

On  Sound. 

A  Course  of  Eight  Lectures  delivered  at  the  Royal  Institution  of  Great  Britain, 
One  vol.     With  Illustrations.     i2mo.     Cloth,  $2.00, 

•'  In  the  following  pageft  I  Have  tried  lo  render  the  science  of  Acoustics  interesting  to  all  intelligieiit  per- 
•9QS,  including  those  vrbo  do  not  po&£c$»  any  special  scientific  culture.'' — Fr^m  Author t  Pr^fatr, 

Fragments  of  Science  for  Unscientific 
People. 

A.  Series  of  Detached   Essays,   Lectures,  and  Reviews.      One  vol.,    i2mo. 
Cloth,  $2.00. 

'*  My  motive  in  writing  these  pftpen  was  a  desire  to  exteod  sympaUiy  (or  science  beyond  the  Gioits  ol 
the  scientific  public.  .  .  .  From  America  tlie  impulse  came  which  induced  i»e  to  gather  these  *  }ft%gr 
mefils/  and  to  my  friends  in  the  Unitcd,Scatcs  I  dedicate  them/* — Frvm  Anther's  Ft^face* 

Light  and  Electricity. 

Notes  of  Two  Coyrses  of  Lectures  before  the  Royal  Institution  of  Great  Brit- 
ain,    One  vol.,  i2mo.     Cloth,  $1-25. 

*'  In  thus  clearly  and  sharply  stating  the  fundamcnfcril  principtci  of  Electrical  and  Optlctd  Scieoce,  PvolJ 
Tyndall  has  camcd  the  cordial  thanks  of  all  interested  in  education." — From  Awtritan^  Edi^^^t  Pr^Mti^ 

Hours  of  Exercise  in  the  Alps. 

OkcvoI.,  i2mo.     With  Illustrations.     Cloth,  $2.00, 

"The  prescnl  volume  i^  for  the  most  part  a  record  of  l>odily  action,  written  partly  to  presCTve  to  myself 
the  memory  of  strong  and  jo  .^ouk  hour?,  and  ptutlv  fur  the  pleasure  of  those  who  find  exhilanlioci  indea 
tlons associaied  widi  mouHtam-lifc."*-A'np*«  Author's  Pr/facc, 

Faraday  as  a  Discoverer. 

One  vol.,  1 2 mo.     Cloth,  $1.00. 

"It  has  been  thought  de!iirab!e  lo  give  you  ond  the  world  some  image  of  Michael  Faraday  as  a  9 
tific  investigiitar  and  discoverer,    ...     1  have  returned  from  my  task  with  such  results  as  I  oouklssther,^ 
and  alfto  with  the  wi^  th»t  these  results  were  more  worthy  than  they  are  of  the  greatness  of  my  ibeane."— 
ThiAuthffr, 

Forms  of  Water,  in    Clouds,  Rain,  Rivers, 
Ice,  and  Glaciers. 

This  is  the  first  volume  of  the  International  Scientific  Series,  and  is  a  valtiable. 
and  interesting  work.     OnevoL,  i2mo»     Cloth »  $1.50. 

Contributions  to   Molecular  Physics  in  the 
Domain  of  Radiant  Heat 

.\  Series  of  Memoirs   published   in  the  ''Philosophical   Transactions"  and 
''Philosophical  Magazine/*     With  Additions,     1  vol.,  8vo.    Cloth,  $5.00, 

Lectures  on  Light  delivered  in  America, 

With  numerous  Illustrations.  Small  i2mo.  Illustrated.  Paper,  750. ;  cloth, ?i, 
D.  APPLETON  &  CO.  Publishers,  548  &  551  Broadway.  N.  Y, 
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ANSI  IE. 

IN  CUrSig'lS,  and  Diseases  which  resemble  it 
h\  FRANCIS  E.  ANSTIE,  M.  D.,  F.  R.  C,  ?•. 


Bealor  AaalsUDt  Ptivslclan  to  W^stmtnfiter  llonplttl ;  L««tiir4!r  on  MateriA^  Medica  in  WmI- 
mln^Uir  Hospital  School;  *nd  PbysicLon  to  the  " 
»'1  he  Frwtttkmer"  (Laodon),  etc. 


mln^t^r  Hospltaf  School;  *nd  PbysicLon  to  the  Hvlji^T-e  HoaplUii  fbr  CbllUren;  l^ditorof 


1  vol,,  12mo.    Ciotli,  t2M, 
**It  !■  A  valuAble  eootrlbatloD  to  seientlOc  raodtcii^e;'—  Tht  Lancet  {l<mdon)* 


Clinical  Ztctw^eB 


BARKER 

The  Puerperal   Diseases. 

dtUvcred  cU  HeUt-vue  Jlospittd, 

By  FORDYCE  BAKKER,  IL  P., 

ClInlCAl  Profdii*or  of  Midwiiftri,'  and  ttio  Bfaeiiftei  of  Wocnon  tn  th*  Bellenic  HospltflJ  ModtotJ 
College*  Obstetric  PhvAleliio  to  Botlevuo  liofiplinl;  t'onsultlni;  PbvptdaD  to  tbo  New  Y«rk 
Stftttt  Women"'*  Hoitpful;  Follow  of  the  Newf  York  Acad**my  af  Mtylk^lnc;  fortnerty  Pre«l- 
dent  of  lb*  Mwlleal  Siiclety  of  the  Stat^  of  New  York ;  Ilunorary  Fellow  of  the  ObttetHcal 
6iid«tkift  of  London  and  KdLubtirifh;  lionorarjr  Fellow  of  the  Koj«l  Medical  Bocitfty  of 
Athens,  Greece,  etc.,  et«,,  etc* 

Third  Edition.    I  vol.,  8to.   Cloth.    526  pages.    Price,  f  5 ;  Sheep,  ta. 

•*For  cetirly  twenty  yenra  It  h*»  been  my  .in? y.  a^  wr  11  as  mr  iirivilejfe,  to  pive  ellDlcal  leet- 


I  »t  batlovuv  Ho»pltn!,  on  midwifery,  th 

▼oliiint  Is  uiiuliji  an  subftiuatlnlly  from  'i)hoj» 
on  ib«  pUfirjN»ra.l  aUea^citt      Havlb^  hu/l  rai 
dlMftAOf.  I  hArelelt  It  to  be  vi  iuiiKnti. 
U^s  which  T  hare  etyoyed  for  Ihi-  \}t>:> 
\lj.    In  man  J  •abjet'tfi,  Haeh  n"  al'rs.n''  i.    . 
•nd  pynmla.  ^xt  suV 
now  «voi7  yoor.    'i 
ftnd  who  now  do  ni 
tlctiUrl,  chauucfl  In  pLitdotogk:! 
Inculcated.    At  the  present  ddv 
m«at  sti'etnB  to  b«  UAomliiir  fiii 
gtsdodbylta  Inipjrtanco  to  s- 
pared  with  tliat  demainit^d  of  thr 


ifsil  the  otKor  dtftunfles  of  women.  Thli 
rtii  of  the  le^tui^s  which  I  hxre  ^fen 
\\  u|fitortuniti»4  fir  th*  »tiLily  of  IbeM 


'-',  set  fur  a*  lay  In  I 
:inrL  I  hope,  for  thv 


adT»o« 


to  tej.ch  i^otnitcbl^f 
>H  on  Ui«M  «il||eat% 
I  '  fln-l  in  manv  mr- 

-  rook  \m 

rty,  or  bv    r!ir    llHrrt-.-lUal    rultiir-   jiO'l    aWjUv  r^'iiUlrnl,  «•  COOl* 

'^  |iiby»icUu  or  the  ftunriHin.  A  man  may  becom«»  emlndntMt. 
physlehin,  and  yet  know  very  Ilttif  of  ub^tetrlcs;  or  h.ty  may  b«  s  siicc«wf^l  nod  diMtinjfuiflled 
sancc^mt  and  l>e  qalle  limor^uit  of  evtvi  tlu-  rufi.uioiita  of  ob»t4»trlct.  But  no  an*  can  l>e  n  really 
ftbl* obftttftrfclftu  uol«AS  he  b«* bnth  fubvifician  jiod  stirgnon.  And, u  tlie^rt^ster tnclud«>«  th\>  loM, 
<ib«tetrlos  shoald  rank  u  the  highest  department  of  oor  pmftiulon/— i^i^rA  Auihw^t  /Vtt/cMH 

On  Sea-Sickness,  bt  fordyce  barker,  m.  p. 

1  yol.,  IQmo.    36  pp.    Flexible  Cloth,  7ft  e«>iiti. 

Reprinted  from  the  New  York  MrntrAT.  Jorni!  At.      Ry  rotimnti  of  the  u'r  '   for  tlie 

nnmbiror  iljni  Jovirnal  eontiilnlnv'  ttu*  paper,  tt  Is  now  pwit'OttHl  In  lK>nk  i  h  pr^ 

fecriptlon«  Added  oa  the  author  has  foum  us>eful  in  rellodug  the  sufToring  frviM  >&. 

BUCK 
Contributions  to  Reparative  Surgery; 

Showing  its  Application  to  the  Treatment  of  iHfortnU 
ties,  produced  %  iJestntctive  Dineast  or  Ittjurt/  ;  Con^ 
f^enital  I)efe*:tR  fnmi  Arrest  or  ^Ekctsti  of  UevehpmtfU  f 
and  Cicatricial  Contractions  from  Hums, 

Bt  GtJRDON'  BUCK,  M.  D, 
lUuitrated  hj  Numeroui  En^ayiogi,    1  toL,  6to. 


D,  Appleton  c6  Co.^s  Mtdlcal  Publications.  3 

BARNES. 

Obstetric  Operations,  including  tJie  Treatment  o/ 
ILrmorrhage^  and  forming  a  Guide  to  the  Management 
of  D'tffoidt  Labor, 

By  RbBERT  BARNES,  M.  D.,  London,  F.  R.  C.  P., 

Obstetric  Physician  nml  lecturer  on  ()l)»tflrirs  nml  the  Dlseriftes  of  Women  and  Children  to  Pt. 
CJeonjc'a*  Ilospitii ;  Kxanilncr  in  Olistelrirs  to  the  K«»val  C'olIe;re  of  Phyxicinnsnnd  lli«-  IN»yal 
Collejre  of  i*urfrc«ms;  Pivsidt-nt  of  tin-  M»'tn»|Milit;in  hraiieli  of  the  Hr'ilish  Medical  Asso«*la- 
lion ;  lato  K.vnjnincr  to  the  L'liivci'sity  <»r  I.(ind«in  :  rnnuerly  Olislctric  Physician  to  llie  I^in- 
don  and  to  St.  TUiuuus  llusj;.:ald;  and  late  Pliysiciau  tu  thu  Eustcrn  Division  of  the  Ki>yal 
Maternity  Charity. 

TMrd  Edition.   Ssvised  and  extended.    1  vol.,  8vo.   606  pages.   Cloth,  $4.50. 

**  Such  a  work  a«  Dr.  Rarnes's  wa.<  preatly  needed.  It  is  calculated  to  elevate  the  practice  of 
the  obstoiric  art  in  thi.-*  nmnlry.  ami  l«»  Ikj  of  ;rivat  .^Txicr  to  tlu-  practitioner." — Lancet. 

"The  boolc  of  l^r.  liarncs  is  nuL  |»r.»|K?rly  Mtcalcin;:,  a  dogmatic  trt^all."*e  on  obstetric  opera- 
tions. It  i.s  a  series  «if  ori;;tnal  Icctiiifs.  i*oin|M isin;r.  at  one  and  the  saiiie  time,  a  practical  analvsis 
of  the  serions  accidrnt:!  in  iKirtiirition,  tlie  rea«oned-out  intiications  for.  and  the  Hio.Ht  jndicfoiis 
researclie.'j  In  llie  manner  of  op»Talin;r.  the  nn-tliod  lo  t-htMisv.  tlic  instrument  to  prefi-r.  and  the 
details  of  the  niamt'iivres  requiretl  lo  insnn*  stufrsn.  The  clearness  of  tlie  style  is  perfect.  The 
order,  without  iKrin^  nito^etlier  riuonnis.  is  what  it  is  able  to  Ite  ^^cnenilly  in  a  seiieB  of  clinical 
lectures.  The  descripti(»n  «if  tlie  lustnimenis.  the  applic^tiim  of  the  foi-ceps  cephaIotri|»sy.  em- 
bryotomy, Ciesarean  suction,  the  pnictieal  rellectiims  on  nan-owinjr  nn<I  malfonnation  of  the  pel- 
vis, ruptures  of  the  utcriL%  placenta  pnevia.  lisfmorriiu;;e.  and.  in  tact,  all  the  t;r:ind  questions  in 
obsfetrif.5  arc  treated  witli  accurat*'  :riMMl  sense.  At  lach  instant,  iiy  some  remark  or  other.  i« 
revealed  a  superior  mind,  H|>cne<l  hv  having  seen  uucU  and  uiuditatod  inuch."^ — From  Pr^ac4 
to  Uu  Fnnc/i  Edition  by  Prof.  Fajot. 

BASTIAN. 

Paralysis   from    Brain    Disease    in    its 

Common  Forma, 

By  n.  CUARLTON  BASTIAN,  M.  A.,  M.  D.,  F.  R.  S,, 

Felloe  of  the  Royal  CoUepro  of  Phvsielans ;  Pnifessor  of  Patholosrical  Anatom v  In  Unlyertltf 
College.  London:  I'hysieiin  to  llniversity  C<dle!,'o  Hospital;  and  Senior  Assistant  Physidui 
to  Uio  National  lluspiUil  for  tlic  Paralyzed  and  Epileptic. 

With  Ulostrations.   1  vol.,  12mo.   Cloth.   $1.75. 
pkefact:. 

These  T>ctnrc.s  wero  delivered  in  University  Collejre  Hospital  last  year,  at  a  tlnje  when  I  wm 
doini?  duty  for  one  of  the  senior  piiv!iician.«t,  and  durinp  the  Siiine  year— after  they  hatl  bwn  re- 
pnHliictMl  from  very  full  notes  taken  by  uiy  friend  Mr.  John  T.veedy— they  appeared  in  the  pages 
of  The  Lancet. 

Tliey  an*  now  republishtMl  at  the  i-eqnest  of  many  friends,  thoujrh  only  after  havin(^  nndergone 
a  very  careful  revision,  dmjnjr  «hie!i  n  c^mslderrdife  quantity  of  new  matter  has  been  adde<L     It 


woiiltl  have  been  easy  to  have  very  umth  Incixsised  the  size  of  the  book  l»y  the  intrwluctlon  of  a 
larger  numlKT  of  Illustrative  caae.s,  and  by  ti\*atment  of  many  of  the  sumeetit  at  p-eater  length, 
but  this  the  .author  has  purposely  abstaineil  fhrni  d<>in;r.  under  the  belief  tnat  in  its  present  form 


It  is  likely  to  prove  more  acceptable  tu  students,  ami  aU>o  jierhaps  luore  useful  to  busy  praeU< 
tiouers. 

Noiwithstnnding-  ite  defects  and  many  shortcomin«rs.  the  author  is  not  withont  a  hope  that 
this  tittle  tiook  uiay  be  considereil  in  some  measure  to  suhply  a  deflcleney  which  baa  k>ng  existed 
in  mclical  literature.  No  de[iartment  of  me<iieinc  stan<ls  niore  in  need  (»f  lieing  represented  In 
a  text  b«iok  of  m<M|(*rate  com|ia.^s;  so  that.  imperf<Tt  as  it  is.  this  small  work  may  perhapa  be  of 
some  S4'r\-ice  till  It  is  suiierseded  by  sometbin;^  Wtter.  In  it  the  author  Itaa  endeavored  to  ti^at 
the  subject  with  more  pn<cisioti  than  has  hitherto  In'en  cu.«tomary,  antL  while  the  lecturea  contain 
aonae  novelties  In  method  and  mode  of  exposition,  he  hopes  they  may  alau  be  foun<l  not  nnlkith- 
fully  to  euabody  the  principal  Ihcts  at  present  known  conoerzung  tnls  vwry  Important  class  of 


J>.  Appleton  tfc  Co,^8  3fedical  lubiications. 


BENNET, 
On  the  Treatment  of  Pulmonary  Con- 

Bumption^  hy  Hygiene^    Climate ^  and  Medicine,   in   id 
Connection  with  Modern  JJoctrines. 

By  JAMES  EENRY   BENNET,  M.  D,,   . 

iUm\m  of  ibt  BUijil  CoUcf*  Qf  Pkjtk-riui*,  Londoa  ;  Doctor  itt  Uwdkliit  «f  tJi*  UolTttrdty  «f  Putt,  •!«-,  •(& 

1  vol.^  thin  8vo,    Cktti^  tLSO.        • 

Ad  iDtaravllu  uA  loBlniirllTf  work,  written  In  ihi  tlTuog^  cl««r,  tad  ludd  auuDEr  whlcb  mppaut  In  ill  tb«  ooa* 

bittlkHi*  oT  DrTBiniiitl  te  BMdie«]  «f  »ocr»l  Uirmturw. 

*'  W«  cordUlljr  ««iDffii*nd  Ibtt  b««k  Ut  tb«  «ii«<  ii«Q  of  all,  hi  lis  itnctcat  nammPA-irfii*  Ttr»v  «r  Um  nAlan  uJ 


IrfbttlkHi* oT Dr7B«idtl te  BMdie«]  «f  »ocr»l  Uirmturw. 

lal  of  tHa  Msurf*  «r  aU  Umfani^  cltoutln,  pttlutaiury  c<Muimi|>unh."— XMr*4  Mrp*90  ^  Mtdiam*, 


Winter  and  Spring  on  the  Shores  of 

the  Mediterranean  ;  or^  the  Jlioiera^  Men  tone ^  Jtaty^ 
Corsica^  Sicily^  Algeria^  iSpain,  and  Hiarriiz,  as  Win- 
ter Climates, 

Thb  wurk  •nibfiJI**  tb*  tsytrltat*  of  Um  wlbUn  wA  fpHfifi  Miwd  hf  Pr.  8«um4  Ob  th«  aVcfM  it  tW  Uip4I1«- 

1  vol.,  ISmo.    621  pp.    Cloth,  $3.50. 

*■  tsoMdlDft^  mdablt.  iMrl  truta  It*  «p#dia  vtirpOiivf,  ud  inU  UliulntAd."— iO^nlii^  Cmmm  tial, 

*•  II  kM  •  M«ff«  MibvUoli&l  taJut  fbr  th*  |>hy«reUit,  r«r1utM,  ikmn  htt  aa^  olhar  el«a  or  prahMlrm^  .  «  .  W«  ««i». 

■Md  IhU  book  Ui  vor  iwdan  u  •  TOdomtf  prfwnUBf  iwii  <»plUl  qiuilUle«<iKa*^U  la  al  qawa  aetcftoLBlog  asd  litraa 

llT*,"— AT.  7.  JHUJaar  ^Mtrma/. 

BILLROTH. 

General  Surgical  Pathology  and  The- 

rapeuticSf  in  Fifty  Lectures,  A  7'ext-book  for  Students 
and  Physicians, 

Bt  De.  TOEODOR  BILLROXn. 

Tnuibted  from  tbo  FlfLh  Gcnzua  EdlttoD,  wflb  Ui4  specUJ  p^rmlsslozi  of  the  Antliar,  bf 
CHARLES   E,    HACKLEY,  A.M.,  M.  D., 

SnrftBa  to  lb*  Naw  Torit  Ej«  aod  Caj^  JbAnDar;^  |  Fhiraldaa  to  Ob*  N««  York  limpLu:!  ;  Fcllaw  of  th*  N'tw  Tovfc 
A<i*i!*aiy  i»r  &ladlcln«t  <lc 

1  yol.,  870.    714  pp.,  ftnd  163  WoodcnU.    Cloth,  $5.00  \  Sheep,  $3,00. 

Frohtinr  TbAodor  Billroth,  on*  nf  tlta  i«io(t  itol*<|  a.tidMirttlM  on  Sarf<e»l  Palbnlosy,  iprn  in  ti>U  volaoi*  *  cMapMt 
rlwiilorUn  udcltsf  t.tat«  of  knmrfMlft*  In  Ititi  bmbdt  «rtDidl«al  KbocA.  TUn  fkct  of  llli  riobl  It^tloa  co^f  IblwHh 
ibitf  adtllaoa  la  (^araiany,  ajid  Yokvia^  iMb  Inulaiad  latoFMMk,  lUdkn,  ttoidu,  aud  Hiut«»nui^  ibottU  bt  MM 
liaamiiiM  6ir  lu  iiaadlaK. 

*^'  Th«  iraat  of  •  hnSk  hi  Iha  Ei^llab  laagvaM,  mMiitlbf  la  ft  «ondaa  fatm  lib*  «i*iti  of  tb*  QamMl  p«flMiln|M% 
baa  Innf  brtn  fttl ;  and  m  Tcalant  lo  nw  alt  booIi  coold  auDfa  Mrfbattj  anpplr  ibal  want  ihan  lli«  jtrawnl  TwilHMi 
.  .  .  Wa  wuuJJ  tliodf I.T  nomnmaBit  U  to  all  wba  (aka  aaj  lataraM  ia  Ua  piufiMi  «/  tboo^bi  aaj  akMnratte  la,  lanf 
caJ  pallifilOKTr  u>«l  *aTfKj,**^Tin  Lamtut, 

^  W«  MB  awan  oar  rcadan  Uut  they  wUl  «eatfd«r  aaJlbar  B»(Qia7  waaM  U  l|a  |»«<dMM,  nor  tin*  la  Ito  tmnal'" 

BULKLEY. 
Acne;  its  Pathology,  Etiology,    Prog- 

fioff^  ant/  Treatment, 

Bt  L.  DUNCAN  BULK  LEY,  .%.  M,,  M.  D., 
K«w  York  HfjaplUl. 

A  moaogr&ph  of  about  e«2veoty  pages^  illustrated,  founded  on  an  dnalj- 
•iB  of  two  litiDdred  casea  of  varlouB  foniia  of  Acne.     [Inpre$$,y 


2>.  Appleton  <b  Co.'* a  Medical  ISiblicationa. 


BARTHOLOW. 

A  New  Scientific  and  Practical  Work 

on  Materia  Medica  and  Therapeutics. 

By  ROBERTS  BARTHOLOW,  M.  A.,  M.  D., 

Professor  of  the  Theorv  and  Practice  of  Medicine,  and  of  Clinical  Medicine,  and  formerhr  Profeat* 
or  of  Materia  Medica  and  Thcrapentics  in  the  Medical  College  of  Ohio:  PbyHicIan  to  th« 
Hospital  of  the  Good  Samaritan ;  Corresponding  Member  of  the  New  York  Neurological 
Society ;  Author  of  a  Manual  of  llypodermlc  Medication,  of  the  Bossell  Prize  Essay  on 
Quinine,  of  the  American  Medical  Association  Prize  Essay  on  Atropia,  and  of  the  Fiske  F&nd 
Prize  Essay  on  the  Bromides,  etc. 

One  vol.,  8vo.    Gloth..    648  paares.    Price,  $6.00. 


la  this  work,  a  volume  of  moderate  compass,  is  condensed  the  whole  subject 
of  Materia  Medica  and  Therapeutics,  less  the  botanical  and  chemical  details.  The 
author  has  included  just  that  kind  of  information  which  is  required  by  the  student 
and  practitioner,  and  has  omitted  all  those  details  now  uniTersally  committed  to 
the  druggist  and  apothecary.  •  The  official  names  of  individual  remedies,  and  the 
German  and  French  synonyms,  are  first  given ;  then  follows  the  list  of  pharma* 
<;eutical  preparations,  the  composition  of  these  and  the  doses ;  next  the  antago- 
nists and  incompatibles,  and  the  synergists.  The  author  gives  a  full  account  of 
the  physiological  actions  and  the  therapeutical  applications  of  remedies,  and  he 
is  especially  full  and  explicit  on  these  important  topics.  As  he  states  in  his 
preface :  **  In  describing  the  physiological  action  of  drugs,  two  methods  may  be 
pursued :  to  preseat  in  chronological  order  a  summary  of  the  opinions  of  varioui 
authorities  on  the  subject  in  question ;  or  to  condense  in  a  connected  description 
that  view  of  the  subject  which  seems  to  the  author  most  consonant  with  all  the 
facts.  I  have  adopted  the  latter  plan,  from  a  conviction  of  its  advantages  for  the 
student,  and  of  its  utility  for  the  practitioner." 

The  utmost  brevity  consistent  with  clearness  is  kept  in  view  throughout.  A 
very  considerable  portion  of  the  book  is  devoted  to  the  therapeutical  applications 
of  remedies.  The  author  states  on  this  point:  "As  respects  the  therapeutical 
applications  of  remedies,  I  have,  as  far  as  practicable,  based  them  on  the  physio* 
logical  actions.  Many  empirical  facts  are,  however,  well  founded  in  professional 
experience.  Although  convinced  that  the  most  certain  acquisitions  to  therapeu- 
tical knowledge  must  come  through  the  physiological  method,  I  am  equally  cleaf 
that  well-established  empirical  facts  should  not  be  omitted,  even  if  they  are  not 
explicable  by  any  of  the  known  physiological  properties  of  the  remedies  under 
discussion."  The  practitioner  will  find  in  the  therapeutical  porUon  of  the  work 
numerous  valuable  formulae,  adapted  to  the  exigencies  of  practice. 

This  treatise  discusses  subjects  not  heretofore  introduced  into  therapeutical 
works.  The  chapter  on  Aliment  is  quite  full,  and  ineludes  such  topics  as  animal 
and  vegetable  aliment,  special  plans  of  diet,  denutrition,  dry  diet,  vegetable  diet, 
animal  diet,  milk-dietj  alimentation  in  acute  diseases,  in  cachectic  diseases,  nutrient 
enemata,  etc.  The  importance  of  knowledge  on  these  subjects  can  hardly  be 
over-estimated. 

Past  I.  treats  of  "the  modes  in  which  medicines  are  Introduced  into  the  organism.** 
Past  II.  treaU  of  **  the  actions  and  uses  of  remedial  aj^ents,**  under  the  several  subdivlBloni 
of '* agents  promoting  constrnctive  metamorphosis,**  "agents  proraottng  dastructire  metamor- 
phosis,** "  agents  used  to  modiiy  the  functions  of  the  nervous  system,**  aad  "  agents  used  to  caoiS 
some  evacuation  from  the  body.** 

Past  III.  treats  of  "  topical  remedies,**  and  Includes  such  topics  as  **  Antiseptics,**  "  Coimter* 
irritants.**  ** Episitastics,**  "Acupuncture,**  " Baunscheidtismas.**  "Aqnapunetnra,**  "Bloodlflt* 
ting,**  " Esoharotics,**  "Emollients,  Demulcents,  and  Protectives.^* 

Scarcely  any  topic  in  therapeutics  fails  to  recdre  attention,  and  all  are  dki* 
cussed  with  great  conciseness,  but  clearly  and  adequately. 


D.  Appieton  cfc   Co.^s  Medical  Publications. 


CARPENTER 
Principles   of  Mental    Physiology,  mth 

their  Applications  to  the  Training  and  Discipline  of  the 
Mind  and  the  Study  of  its  Morbid  Conditions. 

By  JVILLIAM  B.  CARPENTER,  M.  D.,  LL.  D.,  F.  R.  S.,  F.  L.  S.,  F.  0.  S., 

Bflgbtmr  of  the  UnlTtraltj  of  Londoa  j  Comtponding  M«mber  of  tb«  IntUtato  of  FraoM  and  of  tho  Aai«rieaa  Phil* 

sophlcal  Socivty,  etc. 

1  vol.,  8yo.   Prioe,  C3.00. 

"  Among  tb«  numeroui  emioent  writer*  tbU  country  ho*  produced,  oone  arc  mora  dewrrlnf  of  pndM  fbr  harinf  at> 
tempted  to  apply  tb«  rcaalta  of  Pbytiological  Retearcb  to  tbo  «zpl,inKtioa  of  tba  matuil  relatioiuof  tba  mfod  and 
bod  j  than  Dr.  Carpenter.    To  bim  belong*  the  merit  of  baving  Mlentlfieallj  itadied  and  of  liaTtng  in  many  in^tancat 


COMBE. 

The  Management  of  Infancy,  physiologi- 
cal and  Moral.  Intended  chiefly  for  the  Use  of 
Parents. 

By  ANDREW  COMBE,  M.  D. 
BEVISED  AKD  EDITED 

By  Sir  JAMES  CLARK,  K.  0.  B.,  M.  D.,  P.  R.  S., 

Fhyaician-lii-ordlDAzy  to  the  Queen. 

First  American  from  the  Tenth  London  Edition.     1  vol.,  12mo.    802  pp. 

Cloth,  $1.60. 

^ThiB  excellent  Httle  book  Bhoald  be  In  the  hand  of  exerv  mother  of  a  fitmily :  and.  If  soin* 
of  our  lady  friends  would  master  its  contents,  and  cither  brmg  up  their  children  by  the  light  of 
its  teachings  or  communicate  the  truths  it  contains  to  the  poor  by  whom  they  are  surrounded, 
ire  are  conrinced  that  they  would  effect  infinitely  more  good  than  by  the  distribution  of  any 
Dumber  of  tracts  whatever.  .  .  .  We  consider  this  work  to  be  one  of  the  few  popular  medloa 
treatises  that  any  practitioner  ma v  recommend  to  his  patients ;  and,  though,  if  Its  precepts  ar# 
folkkwcxl,  he  will  probably  lose  It  few  guineas,  he  will  not  begrudge  them  if  he  sees  his  frlend^i 
ehildren  grow  up  healthy,  acUre,  strong,  and  both  mentally  and  physically  capable.**— 77k« 
Lancet 

CHAUVEAU. 
The    Comparative    Anatomy    of    the 

Domesticated  Animals. 

By  a.  CHAUVEAU, 
rRonssoB  at  tih  ltons  tktxbikart  school. 

Second  edition,  revised  and  enlarged,  with  the  cooperation  of  S.  ARLOINO, 
late  Principal  of  Anatomy  at  the  Lyons  Veterinary  School ;  Professor  at  the 
Toulouse  Veterinary  School.  Translated  and  edited  by  GEORGE  FLEMING, 
F,  R.  G.  S.,  M.  A.  L,  Veterinary  Surgeon,  Royal  Engineers. 

1  Tol.,  8yo.   Cloth.   967  pp.,  with  460  Ulastrationi.   Frio«,  $6.00. 


2>.  Appkton  d  Co.'s  Medical  JPubUeatiaiu.  f 

DAVIS. 

Conservative  Surgery,  as  exMbUed  in  remedying 
some  of  the  MechaniccU  Catisea  that  operate  ir^urioudy 
both  in  HedUh  and  Disease,    With  lUusiraiums. 

By  HENRY  G.  DAVIS,  M.D., 

Member  of  the  Amarlcaii  Medical  Anodatloii,  etc^  etc 
1  ToL,  8to.   315  pp.   Cloth,  $3.00. 

Tlie  Mtbor  hM  eiOo^ed  rare  fiusllitles  fbr  the  stady  and  treatment  of  certain  claaaea  of  dlaeaii^ 
«&d  the  reoorde  here  presented  to  the  profeeaion  are  the  gradual  accoinaiatton  of  orer  thirty 
years'  InTeetlgation. 

^  Dr.  Davie,  bringing,  as  he  does  to  his  special^,  a  great  apUtade  for  the  solvtSon  of  roechaai- 
«al  problems,  takes  a  hbrh  rank  as  an  orthopedic  surgeon,  ana  his  rery  practical  contrlbutliui  t0 
the  literature  of  the  subject  is  both  Taluaole  and  opportune.  We  deem  it  worthy  of  a  place  in 
«Tery  physleian^s  library.  The  style  b  unpretending,  but  trenchant,  graphic,  and,  beat  of  alL 
^uite  intdUgible.»-ifAftca/  Sicard. 

The   Cerebral   Convolutions  of  Man, 

represented  according  to  Personal  Investigations^  espe* 
ciaUy  on  their  Development  in  the  Foetus^  and  with  r^ 
erence  to  the  Use  of  Physicians. 

By  ALEXANDER  EOKER, 
FrofSaasor  of  Anatomy  and  ComparatlTe  Anatomy  In  the  UnlTertlty  of  PMbuf . 

Tranalated  from  the  Glerman  by  Bobert  T.  Edes,  M.  D. 

1  Tol.,  8to.    87  pp.   $1.25. 

**The  work  of  Prof.  Ecker  la  noticeable  principally  for  Its  succinctness  and  deameaa,  aToidlaf 
long  discussions  on  undecided  points,  and  yet  sufficiently  fiimished  with  reiisrenoes  to  make  ea^ 
Its  0ODi|iarlBODS  with  the  labors  of  others  In  the  same  direction. 

"  Entire  origtnalitj  in  descriptive  anatomy  is  out  of  the  question,  but  the  (kcts  Terifled  by  oOff 
Author  are  here  presented  in  a  more  iotelligible  manner  than  in  anr  other  easily-accessible  work. 

**Tbe  knowledge  to  be  derlTod  from  this  work  is  not  ftirnlsbea  by  any  other  text-book  In.  tht 
Engllah  language.*^— Boston  Medical  and  Surgical  Journal^  January  90, 1ST8. 

ELLIOT. 

Obstetric  Clinic,  a  Practical  contribution  to  the  study 
of  ObstetricSy  and  the  Diseases  of  Women  and  Children. 
By  the  late  GEORGE  T.  ELLIOT,  M.  D., 

Late  Profeaeor  of  Obstetrics  and  Diseases  of  Women  and  Children  In  the  Belleme  HosplttI 
Medical  College;  Physician  to  Bellevue  Hospital  and  to  the  New  York  Lying-tn  Asylum | 
Consulting  Physician  to  Uie  Nursery  and  Cblld'a  Hospital ;  Consulting  Surgeon  to  the  Statt 
Woman*s  lloapital:  Correa|ionding  Member  of  the  Edinburgh  Obstetrical  Bodety  and  of  tbi 
Koyal  Academy  of  Ilarana;  Fellow  of  the  N.  T.  Academy  of  Medldna;  Member  of  tk» 
County  Medical  flodety,  of  the  Pathological  Society,  etc,  etc. 

1  ToL,  8to.  468  pp.   Clotli,  t4.60. 

This  work  h,ln%  meaaore,  a  ritwnS  of  separate  papers  prerloaaly  prepared  If  Oio  lato  Dr. 
EUot;  and  eootaiaa,  beddea.  a  rseord  of  nearly  two  hiUMfsd  linportaBt  and  diAentt  eaaea  is  mid* 
frlfery,  seleeiod  from  his  own  practloe.  It  baa  met  with  a  haai^  iwaptloii,  and  haa  rsoatrtad  tbf 
%|fiMat  tacwnliuui  both  la  thii  ooontiy  and  In  Earopa. 


FREY. 

The   Histology  and    Histo-Chemistry 

of  Man,     A  Practical  TreatUe  on  the  JSkments  of  Com^ 
position  and  Structure  of  the  Human  Body, 


By  HErNRICH  FREY, 
Profb«»or  of  Mcdicino  In  ZorlolL 


Translated  f^om  the  Fourth  Oermazi  Edltioa,  by  Arthur  E.  J.  Barker, 

6iu<ffeoti  Ut  the  Ctty  of  Bnblln  Honpltnl;  DemocMtnitor  of  Anatomy,  Eoya]  Golloro  of  8tnc«oniv 
IreliiDrl;  YUltinjr  Surged  a,  ConrAtoKwnt  Uome,  dttllorgAn;  and  reyti^  hy  the  Aotbor* 
With  U80  £i^[parlttg«. 

I  Td.,  Bvo.    Cloth,  15.00 ;  Sheep,  $6,00. 

00NTENT9, 
The  Elemeiita  of  Cmnposltloii  mai  of  Structtire  of  iho  Body :  Elfftnonta  of  Compotrtloo— A)- 
bomlDoui  Of  Ftoteln  CompoundA,  Ucmog'lobuUQ,  Dtitoi^iile  Deiiritlves  of  tho  ArbomlnooJ 
8qbi!tanc«e  or  Albiimlnolda,  tha  F»tty  Addi  tnd  F«t«,  th«  Ctrbohydnitct,  Non-Nltroganooi 
Add%  NltrogvQouji  Adds,  Amldcfi,  AmidO'Adds,  snd  Orsnolo  Buoa,  Anlmml  ColofiDg  MftUon, 
G^og«n  Gomponnda,  Mineral  OonAtitaenta;  Elomeata  ofStnielitM— ^the  CelU  tb«  Ortgta  of  th# 
EammlDlng  Elcmenta  ofTissua;  the  Titsnei  of  tho  Body— TtasQM  oompoaed  of  Simple  OeOi^  wfth 
Fluid  lBt«jtDedlati!i  8oh«tuioe,  Ttsflnea  oompoaed  of  Simple  CoUo,  with  aamaU  amount  of  Solid 
Intcrmodiato  SubaUnce,  Tlsauea  hftVonglng  to  tbo  Co&ti«cUv«-5ubataiico  Oroop,  TlMltea  com- 
poaed  of  Tmnnfonncd^  and,  oa  «  ml«,  Oohorlnj?  Gclla,  with  Homogeneous,  BcAnty,  aad  more  or  )«•• 
BoUd  IntermtKilate  5Ilb«tAnc^  Composllo  Ttsatiea:  The  On^ana  of  the  Bodj— Oripina  of  th# 
YegetatlTf  Type,  Orgona  of  ih©  AQlmal  Group, 

FLINT, 
Manual  of  Chemical    Examination  of 

the  Urine  in  Disease.  With  Brief  Directions  for  the 
JEkamination  of  the  moat  Common  Varieties  of  Urinary 
CcUeulL 

By  AUSTIN  FLmi,  Jr.,  M.D., 

Froftaaor  of  Physiology  and  !kf  Icroaaopy  In  the  BeUenie  Hoapltal  Medloal  CoUoge:  Fallow  of  the 
K«w  York  Acftdemv  of  Modl<sliie;  Member  of  lb  a  MedlcAl  Sodetr  of  the  County  of  New 
York;  Realdent  Member  of  the  X^oeum  of  Natural  History  lo  the  City  of  New  York,  eto. 

Thifd  Edition,  reviiod  and  oorreoted.    1  to1.»  12mo.    77  pp.    Cloth,  il^OO. 

The  chief  alto  of  thia  little  work  is  to  enable  the  busy  practttionor  to  make  for 
himself,  rapidly  and  easily,  all  ordinary  examinadonfl  of  Urine ;  to  give  liiro  the 
benefit  of  the  autlior*a  experience  in  eliminating  little  difflcuUie*  In  the  nianipula- 
tionB^  and  in  rcdacing  procesisea  of  analyaia  to  the  utmost  Bimplidtj  that  U  eon* 
fliBtcnt  with  accuracy. 

**  We  do  not  koow  of  any  work  in  Kngltah  ao  compteta  ud  handy  aa  the  ManuaJ  now  o#n«tf 
lo  the  Proflraslon  by  Dr.  Flint,  tad  the  htgh  ecleDtiflo  repataUon  of  tho  author  la  a  inlBdeol 
fOHutee  of  the  necitraoy  of  alt  the  dbreotloni  g\r9ftr  ^Journal  qf  Applied  Ch^midni. 

"We  can  onboiltatlngly  reoommBxicl  this  Utn^^l^'^tHyehotogiaUJcumaL 

•  EmlDently  prutSoaL"— IHefrtTK  Btvitto  (^  Midl{dn£, 


2>.  Appieton  it 


FLINT. 

The  Physiology  of  Man.  Designed  to rep^ 
resent  the  Existing  State  of  Physiological  Science  as 
applied  to  the  Functions  of  the  Human  Body. 

By  AUSTIN  FLINT,  Jr.,  K  D., 

Profoucir  of  VhjfAxAogj  and  MicroAoopy  in  the  BeUevne  Hotpltel  Medical  CoIIagt.  and  In  tbt 
Long  Island  College  Hospital ;  Fellow  of  the  New  York  Aoademy  of  Medicine ;  Microaooptil 
to  BeUoToe  HoepitaL 

Hew  and  ULoronghly  revised  Edition.   In  Fit«  YolnmM.   8yo.   Tinted  Paper. 
Volume  I. — The  Blood;  Circulation;  Respiration. 

8to.    502  pp.    Clotii,  t4.60. 

**  If  the  remaining  portions  of  this  work  are  compiled  with  the  same  om  end 
eaeenracy,  the  whole  may  yie  with  any  of  those  that  have  of  late  yean  been  pRK 
•daced  in  our  own  or  in  foreign  langoages.*'— ^ri/tt^  and  Foreign  MedieO'Chirurgi' 
■tal  Ranew, 

**  As  a  book  of  general  information  it  will  be  found  nsefhl  to  the  practitioner, 
and,  as  a  book  of  reference,  invaluable  in  the  hands  of  the  anatomist  and  phyri> 
ologisl"— i>ii6/m  Quarterly  Jounud  of  Medical  Science, 

"  The  complete  work  will  prove  a  valuable  addition  to  onr  systematic  treatiiai 
on  human  phydology." — The  Lancet, 

*'To  those  who  desire  to  get  hi  one  volume  a  concise  and  dear,  and  at  tht 
earae  time  sufficiently  full  risumS  of  *  the  existing  state  of  physiological  science.* 
w«  can  heartily  recommend  Dr.  Flint*s  woric  Moreover,  as  a  work  of  typographl« 
cnl  art  it  deserves  a  prominent  place  upon  our  library-shelves.  Messrs.  Appieton 
A:  Co.  deserve  the  thanks  of  the  profession  for  the  very  handsome  style  in  which 
they  issue  medical  works.  They  ^ve  us  hope  of  a  time  when  it  will  be  verr 
generally  believed  by  publishers  that  physicians*  eyes  are  wortii  savmg.'* — Medt- 
cat  Oazetfe. 

yolume     11.  —  Alimentation  ;   Digestion  ;   Absorption  / 
Jjymph  amd  Chyle. 

8yo,    006  pp.    Cloth,  $4.00. 

•*  The  second  instalment  of  this  work  fulfils  all  the  expectations  raised  by  thi 
perusal  of  the  first.  .  .  .  The  author's  explanations  and  deductions^  bear 
evidence  of  much  careful  reflection  and  study.  .  .  .  The  entire  work  is  ont 
of  rare  interest  The  author*8  style  is  as  clear  and  concise  as  his  method  ii 
studious,  carefiJ,  and  elaborate." — Fftiladdphia  Inquirer, 

"We  regard  the  two  treatises  already  issued  as  the  very  best  on  human  phyrio 
olocy  which  the  English  or  any  other  language  aflfords,  and  we  recommend  them 
with  tliorough  confidence  to  students,  practitioners,  and  laymen,  as  models  of 
literary  and  scientific  ability." — ^V.  Y.  Medical  Journal. 

"  We  have  found  the  style  easy,  lucid,  and  at  the  same  time  terse.  The  prao- 
tical  and  positive  results  of  physiological  investigation  are  succinctly  stated. 
without,  it  would  seem,  extended  discussion  of  disputed  points." — Boston  Medical 
and  Surgical  Journal. 

"  It  is  a  volume  which  will  be  welcome  to  the  advanced  student,  and  as  s 
work  of  reference." — The  Lancet. 

"  The  leading  subjects  treated  of  are  presented  in  distinct  parts,  each  of  which 
IS  designed  to  be  an  exhaustive  essay  on  tha  to  which  it  refers." —  \Veet$m  Jour* 
nal  of  Medicine. 
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7>,  Appltton  cC   COm^s  3[edical  Publications. 


Flint's  Physiology,  Volume  m.—BecrtUon ;  £^ 
cretion;  JJuctksd  Glands ;  Nutrittonj  Animal  Heai ; 
Movements;    Voice  and  Speech. 

8yo.    526  pp.    Gloth,  H50. 

**  Dr.  Flint's  reputation  is  sufficient  to  give  a  character  to  the  book  Among  ib* 
profession,  where  it  will  ehitfly  circulate,  and  luany  of  the  facta  (^ven  have  bcefl 
ferified  bj  the  author  in  his  laboraiorj  and  in  public  d^^oastration.*^ — Cltica^a 
Courier. 

**  The  author  bestows  judicioHS  care  and  labor.  Facta  ore  selected  with  dli- 
crimination^  theories  criticitlly  examined,  and  conclnBions  enunciated  with  cooft- 
meiidable  cleamcsa  and  prccUioiu^'^^mmra»  Journal  of  the  Jlediccd  Seicjteet, 

Volume  IV. — 27ie  Nervrnt^  System, 
8to.  Clethf  14.60. 

This  Tolume  embo<iicfl  the  results  of  exhauatiye  study,  and  of  a  long  and 
laborious  :«crie3  of  experiments,  prcaentcd  in  a  manner  remarkable  for  ita  etrenglh 
and  cleamesa.  No  other  department  of  physiology  has  so  profociiid  on  interest 
for  the  modern  and  progressire  phjskian  as  that  pertain  in  g  to  the  ncrrouA 
Bygtem.  The  discasea  of  this  ay  stem  are  now  engaging  the  ntudy  and  nttention 
of  some  of  ihe  greatest  minds  in  the  medical  worldj  and  in  order  to  follow  their 
brilliant  discoveries  and  developments,  especially  in  connection  with  the  scienee 
of  electrology,  it  is  absolutely  necessary  to  obtain  a  clear  oud  settled  knowledge 
of  the  anatomy  and  physiology  of  the  nervous  system.  It  Is  the  design  of  this 
work  to  impart  ihat  knowledge  free  fi*ora  the  pcrpleiing  speculations  and  uncer- 
tainties that  have  no  real  value  for  the  practical  student  of  medicine.  The 
author  boldly  teals  every  theory  for  himi^elf,  and  asks  his  readers  to  accept  noth- 
ing tliai  ia  not  capable  of  demonstration.  The  properties  of  tlic  cerebro-flpinal, 
nervous,  and  sympathetic  systems  are  treated  of  in  a  manner  at  ODce  lucid, 
tborougbf  and  interesting. 

Aliliough  ^hts  volume  is  one,  perhaps  the  most  important  one,  of  ihe  author*i 
admirable  series  in  the  Physiology  of  Man,  it  is  nevertheless  complete  in  lta€l( 
and  may  be  safely  pronounced  indi?:  pen  sable  to  every  physician  who  takes  ft  pridt 
And  interest  in  the  progress  of  medical  science* 

Volumo  Y, —Special  Senses;  Generation* 
6yo.   Cloth,  $4'50, 

"  The  present  volume  completes  the  task,  begun  eleven  years  ago,  of  preparrng 
a  work,  tntcTided  to  represent  the  exidting  i^tate  of  pbTStological  science,  a^  ap- 
plied to  the  functions  of  the  human  body.  The  kindly  rectjuion  wliith  the  first 
four  volumes  have  received  haa  done  much  to  sustain'  the  author  in  an  under- 
tukiugf  the  magnitude  of  which  he  has  appreciated  more  and  more  aa  the  work 
has  progressed. 

"  In  the  fifth  and  last  Tolnme,an  attempt  has  been  made  to  give  a  clear  account 
of  Ihe  physiology  of  the  special  £cn&e3  and  generation,  a  most  aidjcult  and  dcUoate 
undertaking.  .  .  , 

"  Pmally,  as  regards  the  last,  as  well  as  the  former  Tohimeg,  the  author  can 
only  say  that  he  has  spared  neither  time  nor  labor  in  their  priparnlion ;  and  lh« 
imperfections  in  their  execution  have  been  due  to  deficiency  in  ability  and  oppor* 
tunity.  Re  indulges  the  hope,  however,  that  he  has  writu*n  a  book  which  njaf 
assist  his  fellow-workere,  and  interest,  not  only  the  student  and  practitioner  of 
medicine,  but  some  others  who  desire  to  keep  pace  with  the  progress  of  Natural 
jBcience.'* — Sztraetsfrom  Prffaee, 


D.  AppUton  <fe  Co^8  Medical  PuhUcations. 
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Flints   Text-Book   of  Human    Physi- 

ology^for  the  Use  of  StudenU  and  Practitioners  of  Medi- 


cine, 


In  one  Urge  octavo  toIutdg  of  078  pages,  deganUj  printed  on  fine  paper,  and 

profusely  illufltraled  witb  three  Lithographic  Plates  and  813  EngraT* 

ings  on  Wood,    Price,  in  cloth,  |6,00 ;  Bheep,  $7,00. 

While  Prof.  FUai's  *^  Phytioloj^jr  of  Mmo,^  In  fire  octaro  rolumeNi^  abo  pubMiod  bj  D.  Appl«i> 
too  it  Go.,  l5  luraluablo  as  a  book  of  rcfcroo««,  ^vlog  tui  epitome  of  tbo  Utaratoro  of  phyitologx, 
wicb  onploui  refbr^Qces  to  other  aothora,  tbo  pabllabcrt  haxt  appreciated  tho  aecetllt7  for  a  naw 
ieit  book,  fbr  tb«  um  of  itttdeota  and  prncUtJoDors  of  medicbc. 

This  DOW  work  U  In  tended  to  meet  tbU  proRatug  want*  and  It  cootala*  tnoat  of  the  fccti  pre- 
aacted  in  tba  larger  trefltl&e,  without  bibtoHcikl  refer«J3ee»  or  dlacaasloni  of  minor  aod  eoatro- 
Tortod  quefitloQA,  The  high  reputation  of  the  uuthor  ni  a  public  teacher,  and  tbo  ancceas  of  the 
larifer  traatUo,  rc&dar  it  ocrtaln  that  the  "^  Text- book  *^  will  bo  admirably  adapted  to  tba  waata  of 
medical  studeots. 

In  tb«  '"  Tftxt-booki,^  all  Ltnportant  points  oonneeted  itvlth  Hoiaan  Pbjslolofy  ua  trHnted  of 
fblly  and  cl early,  ftod  maaj  sabjecla,  auch  aa  the  Kenrons  Byitetu,  the  Spociiil  Seoaea,  etc.^  tht 
treatmeat  of  which  ta  bturen  and  aoaatiifactoiy  in  inouy  worka  writtoo  or  repubUahed  la  thla 
eotiiitry,  are  brooght  fiilly  up  to  tbe  reqatreoieDta  uf  the  day. 

The  pubUabora  bare  glrea  fre:it  ittootlou  to  the  execution  ol  the  Ulnetratloaa,  1!bw  of  whldi 
am  fhtDliDar  to  AmoHcon  readora.  It  being  almoat  bnpostibla  to  reproduce  aotne  of  tha  catt 
lakao  from  foreign  worka,  they  hare  auccoeded  la  obtalniag  abroad  about  one  haodred  eleetro- 
typea  from  the  odglaal  engniTingi  contained  la  Sappey's  great  work  upon  Aaiitomy«  wbtch  ara 
tuie^iuolod  in  their  mechanical  eaeeatk>Q.  Tba  auju^ect  of  Geiieratiaa  ia  alao  liloatjniiL'd  by  Utho- 
grapblc  plates  taken  from  UaeckeL 

Tlie  great  care  neceasary  In  tbe  printing  of  the  elaborate  Ulafrtratlona  baa  caoacd  an  nnavold- 
able  delay  In  the  appearance  of  the  work  -,  but  tbe  pabllahcn  feal  confident  that  It  will  fhily  meet 
their  ejcpectatlona,  and  Juatify  the  fepntaUon  of  iU  author. 

"la  preparing  this  text-book  for  tht  tjae  of  atndenta  and  praoUtiOMia  of  madtciaa,  I  have  en- 
deaTOrad  to  adnpt  It  to  the  wanta  of  tbe  profesaion,  aa  they  have  appeared  tu  me  after  a  conslder<- 
able  ezporlooce  as  a  public  taaeber  of  humiui  phyaiology.  My  large  tnratis^  In  flro  rolujnee  la 
here  eoodenaed,  and  I  havo  omlttad  bibUoj^raphlcai  dtatlona  and  matters  of  purely  hlslortcal  ln« 
toreet.    Many  aubjocfta,  which  were  ooaalde(rod  rather  elaborately  in  my  larger  work,  are  htm 

treaentad  in  a  luach  more  conclae  form.  1  hare  added^  tlao,  numerooa  UiustratfoQa*  whicii  I 
ope  oiay  Ujrbten  tbo  latMsra  of  tbo  atadent.  A  fow  of  thoao  are  original,  but  by  flir  the  greatast 
part  baa  b^en  aaleclad  Jhjm  reliable  aatborlties.  I  have  thougbt  it  not  without  hlatorlcal  iateraat 
to  reprodnco  exactly  aome  of  tbe  fiLaaefcal  t^ogravlnicB  fWitn  tbe  worka  of  great  dleooTerera,  anob 
aa  lliuatratioDA  oootained  In  tbe  odgtoal  oflHIoos  of  Fabriciusv  IJarvey,  aod  As^Uloa.  In  addition, 
1  bafe  repirodtioBd  a  few  of  the  beauUAil  mtcroecoplcal  photo(rrapha  Uken  at  tbe  United  States 
Army  Medical  Muaeum,  under  tbe  direction  of  Dr.  J.  J,  Woodward^  to  whom  I  here  expreaa  my 
irnitefVLl  ackDowiedgmenta.  I  bave  al»o  to  thank  M  9app«y  tor  hie  kindness  in  rarnlahlng 
clectrotypea  of  many  of  the  aoperb  engraringa  with  wiiloh  bla  great  work  upon  Anatomy  la  lUua- 
trated 

''My  work  tn  Are  rolomes  waa  Intended  oa  a  book  of  reference,  whlah  I  hope  wiU  continue  ta 
be  U!iefLii  to  ihoae  who  deaire  an  aeooont  of  the  Uteniture  of  phyalologir,  aa  well  aa  a  atatement  of 
tbe  facta  of  the  science.  1  Ilbto  always  eodeaTorcd.  In  pnollo  teachlD^.  to  arold  glrlng  ondiia 
Itrainlnence  to  poluta  in  wblch  1  might  myMlf  i>e  particularly  Intereatad,  miixi  having  made  them 
jutOecta  of  apacial  atudy  or  of  origlaal  ros«aroh.  In  mj  text-book  I  hare  arrled  out  tba  eame 
Idea,  atrifliiz  to  taacb.  systemaUcaUy  and  witb  tiolform  emphaala^  what  atodenta  of  medldne  ana 
axpeotttd  to  learn  in  nby siology,  and  aTotdine  elaborate  discuaatons  of  aubjecta  not  dbeci^y  eoa- 
oaetad  wllb  pm^ctlcal  medicine,  surgery,  and  obateMca.  While  I  bare  rel^rred  to  my  orlglaal 
obaemtlafUi  opon  the  location  of  the  aanaa  of  want  of  air  Id  tbo  goneral  system,  tbe  new  ex- 
cralorT  ftuelLon  of  the  lUer,  the  fUnctltm  of  glycogen eals,  tbe  inlluunce  of  muacuiar  exerdaa  upon 
th»  eBDilaatloa  of  urea,  etc,,  I  bare  not  ounaldered  these  aubjeeta  with  gr«at  minubeaeaa,  and 
hava jMBanllar  raiuvad  iha  reader  to  monofrraptia  for  tbo  detaila  of  my  cxperUnenlB. 


'  thia  work  to  tbe  medical  profeasloo,  I  ciinnc»t  refrain  from  ao  axpraa' 
aSon  or  ray  adkaowladfinants  to  tl»  publtabers,  whi>  hare  spared  nothing  la  earryiair  OQt  mr 
views,  and  hare  derotad  apedal  pains  to  the  mechanical  execution  of  the  iUttatratiana.*'— it«i<W# 


FLINT, 

On  the  Physiological  Effects  of  Severe 

and  Protracted  Muscular  Meercise,      With  apecial  refer* 
fined  to  its  Influence  upon  the  Excretion  of  N^itrogeri, 

By  AUSTIN  FLINT,  Jr.,  M.D,, 
ProftMBOr  of  Pbjstotogy  In  Uie  LUUeviic  tloaftlul  Medical  CoUeg*,  New  York,  etOi,  txc 
1  vol.,  8vo.    91  pp.    Glotli,  il.OO. 
Tbtf  HKmofrapb  on  the  rebtloas  of  Urom  to  ExrrdAct  in  the  result  oft  thoroofh  wxA  txnttA 
tnveftttgattoQ  made  tn  the  case  of  xMr  Edward  Pay  son  Weaton,  tb«  eclubratcd  podeatrian.    Tb« 
ohenitcaUnalyaea  w&re  made  unrtor  the  direction  of 'B»  O,  DorcmoA,  M.D.,  Profbstor  of  Obrmlatry 
■Jid  I'oxlcolugj  in  tbo  BollcTua  KoaptLil  Hedlod  GoUei^  br  Mr.  Oacot  I^ioaw,  hta  aaalatauu    I'll* 
obacrtTKUotitt  wc«  niJidfl  xdlli  tht^  oo.'ijHiration  of  J*  C,  DaltoQ,  M,  D,  Profeaaor  of  Phyaloloffj-  In 
the  CoUege  of  Physic  tans  and  Sorffpoua;  AJexADdar  B.  Matt,  \t  D.^  FTofcaaor  of  Sntvtoal  Anat- 
omy; W.  II.  Van  iJurt'ii,  M.  D,.  Profoasor  of  Principles  of  Suiigcry;  Austlti  FUot,M.  D.,  PrO' 
fbaaor  of  the  Prinelplea  and  Practice  of  Medicine ;  W,  A.  Uummotid,  M.  D..  Profeaacr  of  Dleoaae* 
of  the  Mlad  aotl  Nervous  dy«tem — ^all  of  Uie  Bellovno  n{>si>lul  Mudicul  ColUgu* 

'^Thla  work  will  bo  found  Ltitor^atiag  to  orery  phyalctan.    A  nutnber  of  Important  raaolt* 
wpro  obtfllDod  valuablw  to  ttie  physlolofflst"— CI  ndnrtal*  Meilienl  Rtpertory. 

HAMILTON, 
Clinical  Electro-Therapeutics.  {Medicaiand 

tH^urgicaL)     A  Manual  for  Phjsicians  for  the  TrecUmefU 

more  especially  of  Nervoits  Diseases. 

By  ALLAN  MoLANE  HAMfLTON,  M,  D., 

Phytldon  In  chaise  of  tlio  New  York  State  Hospital  ft>r  DIaeaaea  of  the  Nerrous  Syatem ;  Mof^ 
ber  of  the  Nc\r  York  Neumlo^cal  and  County  Medlool  Socletlaa^  etc.,  etc 

Witli  Humerons  Illiiitratfoiu.  1  vol.,  Svo.  Clolli.  Prio«,  tS.OO. 
Tbta  work  is  the  oomplbtloo  of  woll-trlcM]  mea.suraa  tad  rep^irteil  caaea,  and  la  Intniided  as  ^ 
almpk  jfuido  tbr  ihf  gi^uural  pmctiUoner.  It  ii  an  free  fix>na  coufkialog  theorieai  technical  tdnail^ 
and  ODprored  Btat4tmeDtB»  aa  posalblfl.  Electricity  1«  tndorsod  as  a  rery  ralaable  remedy  lu  cof^ 
talA  diseaaea^  antl  aa  an  foraJuAble  therapentlcfll  uitms  In  netrly  all  forma cfNcil700«  uiaaAaa; 
but  not  aa  a  apedflc  for  every  human  lU,  luootal  and  fvUyBtcai. 

HAMMOND. 

Insanity  in  its  Relations  to  Crime,   a 

7hxt  and  a  Commcntari/» 

By  WILLIAM   A.    HAMMOND,  M,  D. 
1  vol.,  8vo.    77  pp.    ClttUi,  iLOO. 


t  ofthla  easay,  unJcr  the  Mtlo  '  ?4^ 


lUuMooe  of 

^  ah.l-[Mjlnl 

'^-It  «t>i- 


*' ApartofthI 
itagatUif^  Ur  8o|ftornttcr,  Wo^.     Tlie  i 
the  aiibjoct  cuiislilcrcHl  tun  acjjcoty  In*  *> 
of  ae|intc«]  or  ftoclal  ecouoiitv;  uo'l«  it  i  U>i. 
♦aliied."-"/^rom  A  utAofji  'Pr^aeti, 

Clinical  Lectures  on   Diseases  ol   the 

Nervous    System.      Delivered  at  the   Bellevue   Hospitot 
Medical  College, 

By  WILLIAM  A.  HAMMOOT),  M.B., 

ProAuaor  of  DhMttaea  of  the  Mind  and  Nerroua  SyAtem,  etc.     KdlLed,  with  K^tto*,  fay  T.  fei,  A, 
«         G&OeSs  M.  0^  AMliftaat  lo  the  Ghalra  of  Dlseajsiis  of  the  Mtud  anil  N«rv«Qa  Syitdm,  «!«. 

In  one  liandaomo  volume  of  300  pagei.    Price,  $a.60.  '• 
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HAMMOND. 

A  Treatise  on  Diseases  of  the  Nervous 

System, 

By  WILLIAM  A.   HAMMOND,  M.  D., 

FrofeMor  of  Diseaaes  of  the  Mind  and  Nervoas  Bjstem  in  the  Medical  Department  of  the  Unlvei^ 
sit7  of  the  City  of  New  York ;  President  of  the  New  York  Nenrological  Sodetj,  etc.,  etc. 

Sixth  Edition.    1  toL,  Svo.    Strong  Cloth  Binding,  $8.00;    Sheep,  $7.00. 

The  remarkable  snccess  attendant  on  the  iaane  of  the  fire  previouA  editions  of  this  work  in 
less  than  fonr  years  has  enconraircd  the  anthor  and  pnbUfhers  to  attempt  to  make  the  work  still 
more  worthy  the  confidence  of  the  medical  profession.  A  great  part  of  the  treatise  has  been  en- 
tirely rewritten,  and  seTeral  new  chapters  hare  been  added.  By  a  change  in  type,  and  enlarging 
the  page,  the  new  matter,  amounting  to  one-half  of  the  original  work,  has  been  sdded  without 
increasing  materially  the  balk  of  the  volume.  Many  new  lllastratlons  hare  been  incorporatod  in 
the  text,  and  thd  whole  treatise  has  been  brought  ftolly  up  to  the  present  time.  In  sddition  to 
the  ftand  of  personal  obserratlon  and  experience  adduced  by  Prof.  Hammond,  the  labors  of  £ng- 
Ush,  French,  and  German  writers  hare  recelred  due  attention. 

Among  the  diseases  considered  in  the  present  edition,  which  were  not  treated  of  in  the  former 
editions,  are :  Chronic  Yerticalar  Meningitis;.  Chronic  Basilar  Meningitis;  Cervical  Pachy-Men- 
ingltis;  Spinal  ParatyFls  of  Adults;  Amyotrophic  Lateral  Spinal  Sclerosis;  Facial  Atrophy; 
Organic  Diseases  of  Nerves;  Chronic  Alcoholic  Intoxication;  Delirium  Tremens;  Exophthalmic 
Goitre;  and  Anapeiratic  Paralysis— psralysls  induced  by  a  firequent  repetition  of  certain  muscular 
actions.  Besides  which,  extensive  alterations  and  additions  have  been  made  to  the  remarks  on 
other  all^tions— the  departments  of  Morbid  Anatomy,  Pathology,  and  Treatment,  beli^  espe- 
cially amplified. 

NOTICES  OF  FORMER  EDITIONS. 

**  Free  trova  useless  verbiage  and  obscurity,  it  is  evidently  the  work  of  a  man  who  knows  what 
he  is  writing  about,  and  knows  how  to  write  about  W^-^Chkago  Medical  JovmaL 

**  Unquestionably  the  most  complete  treatise  on  the  diseases  to  which  It  is  dovoted  which  has 
yet  appeared  in  the  English  hinguage.''— XorMl(?n  Medical  Timet  and  OazeUe, 

^Thifl  is  a  valuable  and  comprehensive  book;  it  embraces  many  topics,  and  extends  over  a 
wide  sphere.  One  of  the  most  valuable  parts  of  it  relates  to  the  Diseases  of  the  Brain ;  while  the 
remaining  portion  of  the  volume  treats  of  the  Diseases  of  the  Spinal  Cord,  the  Cerebro-splnal 
System,  the  Nerve-Cells,  and  the  Peripheral  V err es,"^— British  Medical  Journal, 

**Tbo  work  before  us  Is  unquestionably  the  most  exhaustive  treatise,  on  the  dlsesses  to  which 
it  is  devoted,  that  has  yet  appeared  In  English.  And  its  distinctive  value  arises  from  the  fact 
that  the  work  Is  no  more  rqfficiamento  of  old  observations,  but  rests  on  his  own  experience  and 
practice,  which,  as  we  have  before  observed,  have  been  very  extensive." — American  Journal  qf 
Syphllography. 

"  The  anthor  of  this  work  has  attained  a  high  rank  among  our  brethren  across  the  Atlantio 
fh>m  previous  labors  in  connection  with  the  disorders  of  the  nervous  system,  as  well  as  fW>m 
various  other  contributions  to  medical  literature,  and  he  now  holds  the  ofDcial  appointments  of 
Physician  to  the  New  York  State  Hospital  for  the  Diseases  of  the  Nervous  System,  and  Proflsssor 
of  the  same  department  in  the  Bellevue  Hospital  Medical  College.  The  present  treatise  b  the 
firuit  of  the  experience  thus  acqnh^  and  we  have  no  hesitation-  in  pronouncing  it  •  most  valo-  « 
Able  addition  to  our  systematic  literature."— Gfto«^<w/J  Medical  Journal. 
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HOFFMANN. 
Manual  of  Chemical  Anal) sis,  as  applied 

to  the  Kj'amination  of  Medicinal  Vhanicah  and  their 
Preparations,  A  Guide  ffrr  tli^  JDetermi nation  of  (heir 
Identity  and  Quality^  and  for  the  Detection  of  Jmpuri' 
ties  and  AduUtrations.  J^or  the  t(se  of  Pharmaceutists^ 
Physicians^  DrugfjistSy  and  Mam^acturing  Chemists^  and 
Pharmaceutical  and  Medical  Students, 

Bt  FRED.  nOFFHAKN,  Phil,  D, 

Om  Toi,  Bto.   BioMy  Illnstrated.    Clotli.    Price,  $3. 

SPSCI1I1C9    or    ILLCSTUATiaNS, 


*'  ThiB  Toluntc  la  a  cAt^ftiny-nrcparftl  work,  utirt  irrTl  nj*  to  the  oirtitinf;  •tita  of  V^th  the  fdaiMJt 
r T»  1  nrt  of  modorn  pbormnev.  It  Ia  *  U*ok  which  will  find  It*  plaro  In  every  niwliwil  ffw!  pli»r- 
miot^iitlinl  Uboratoi-v  •ikt  HbniiT.  tnd  1«  m  Mfr  ■nd  Inntmrtlve  frtilde  to  medic*!  ttwl»ilte«a4 
pnctlKloiien  of  mtdMtit^:*—Am*Hcan  Jovmal  n/Jici*HC4  and  Art*, 

In  AmericA  this  work  hfti  tln»«dy  rn«»t  with  poD^riU  and  nnqnftl'ftfd  ■pt*tot»1:  ind  to  f^uiop^ 
la  OpOw  bein;  w<yk«med  ti  otirt  of  the  b««t  A&d  mo»t  Imporbuit  AdcUtUmi  to  iDodeni  phaniMMflK 

Bead  for  descrifitlTc  cirrulAf,    AddrcM 

D.  APPLETON  k  CO.,  549  A  55t  Broadway,  N.  Y.  City. 
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HOLLAND. 

Recollections  of  Past  Life, 

By  SIR  HEXRY  HOLLAND,  Bart,  M.  D.»  P.  R.  S.,  K.  C.  B.,  etc., 
Presideiit  of  the  Royal  loatitatiun  of  Qreat  BriiAln,  Physiciao-ln-Ordlnary  to  the  Qhmq, 

etc,  etc 

1  voL,  12mo,  351  pp.   Prioe,  Cloth,  $2.00. 

A  Tery  entertaining  and  InntructiTe  narrative,  partaking  somewhat  of  the  natnre  ot 
•ntobiosrraphy  and  yet  diptiuct  fh)m  it,  in  thir,  tltat  its  chief  object,  as  alleged  by  the 
writer,  is  not  so  much  to  recoant  the  eventf  of  hie  own  life,  as  to  perform  the  oflBce  of 
chronicler  foi  otiien  with  whom  he  came  in  contact  and  was  long  associated. 

The  *'  Life  of  Sir  ITcnry  Holland  **  is  one  to  be  recollected,  and  he  has  not  erred  in  glT- 
hig  an  outline  oi  It  to  the  public.'*— 7*A«  Lancet. 

'*  Ills  ttieinory  waft— iff,  we  may  say,  for  be  is  still  alive  and  in  poPseKsIfm  of  all  hit 
fhcnlticti- eton^  with  recollections  of  the  iiiopt  eminent  men  and  women  of  ihis  ccn- 
turv.  ...  A  life  extcndin*r  «>v(*r  a  poriod  c',  ei:;hty-roiir  yearn,  and  paH^ed  in  tlic  mnet 
active  mMnnc*r,  In  the  midttt  of  the  b«st  society,  which  the  world  has  to  offer,  must  necei>- 
sarily  be  full  of  Hin^ular  interest:  an<l  Sir  Henry  Holland  has  fortunntely  not  waited  until 
bis  memory  lost  its  freshness  before  recalling  some  of  the  Incidents  in  W^—TAe  A'«w 
Fork  Titnes. 

HOWE. 

Emergencies,  and  How  to  Treat  Them. 

The  Etiology^  Pathology^  and  Treatment  of  Accidents^ 
Diseases^  and  Cases  of  Poisoning^  which  demand 
Prompt  Attention.  Designed  for  Students  and  Prac- 
titioners of  Medicine, 

By  JOSEPH  W.   HOWE,  M.  D., 

4y«io^  Professor  of  Surgery  in  the  Medical  Department  of  the  University  of  New  Toilt 

YislUng  Surgeon  to  Charity  lIoMpital;  Felluw  of  the  New  York  Academy 

of  Medicine,  etc,  eto. 

1  yol.,  8to.   Cloth,  $3.00. 

*"rhis  work  has  a  taking  title,  and  was  written  by  a  gentlemen  of  acknowledged  ability,  to 
fill  a  void  In  the  pnife:<9i(»n.  ...  To  the  ffcnfral  practitioner  In  towns.  Tillages,  and  In  tho 
country,  where  the  ut«I  ami  moral  9upiH»rt  of  a  consultation  cannot  be  availed  of,  this  volume 
will  he  recoffnized  as  a  valuable  help.  We  commend  It  to  the  profession.— (?<nci'/tnati  Lancti 
and  Observer.  ,  , ,,,  ^  ^ 

'*  This  work  is  certainly  novel  In  character.  an<l  its  nseftihiess  an<l  aoceptabllltv  are  as  marked 
as  Its  novelty.  .  .  .  The  book  iscouflaontly  njcommended.*'— i?fcAn«>ii</a»c/  LouitvUIe  Med- 
ical JournaL 

**  This  volume  Is  a  practical  tltnstnitlon  of  the  positive  side  of  the  physldan^s  Hfb,  a  constant 
reminder  of  what  he  is  to  do  in  the  sudden  emorj^ncies  which  frequently  oecur  In  prnctloe. 
.  .  .  The  author  waittes  no  words,  but  devotes  biuiself  to  the  description  of  each  disease  as  if 
the  patient  were  under  his  hands.  B«'cause  It  is  a  rood  book  we  reoommend  It  most  heartl^  to 
the  profbssion.**— So<rfr»rt  Jfef/icff/  ttftit  SHryleal  JoumuL 

'^This  work  bears  evidence  of  a  thorough  practical  acquaintance  with  the  different  braaeheo 
of  the  profession.    Ilie  author  sefins  to  possess  a  pecuUar  aptitude  for  imparting  instruetto« 


as  well  ss  for  Simplifying  te<liou»  details.  ...  A  careAil  perusal  will  amply  repay  the  i 
andpmctitloner.*  —  .V#i«  York  Medleai  Journal:''  «,,.,  ,  ^n^  ^  f  w^s 

-This  Is  the  beat  work  of  the  Und  we  bareever  seen.''— Jfw  York  Journal  qfPifthologieM 
Medicine. 


HOWE. 

The  Breath,  and  the  Diseases  which  give 

it  a  Fetid  Odor,     With  Directions  for  7Watment, 
By  JOSEPH  W,  HOWE,  M.  D., 

uthor  of  •*  Enier«i3cl<»»."  "Winter  ITomeis"  etc:  Clliilc*al  Frofesaor  of  Snry«»ry  In  tho  Medl^ 
Depoi-tmrni  of  the  Unlverflly  of  New  York;  VislUng  Surjroon  to  Charitjr  and  Bt.  FrandJ 
Ho«ptUl»;  Fc<Udw  of  the  N«w-  York  Academy  of  Mi'diciae,  eto. 

**It  Is  somewhat  r(tauLrkab1«  tbfti  tlio  subjisit  of  fetid  brc»ltu  wblcb  occaikmB  so  raaola  timoj* 
«ii«e.  .  .  .  fliould  hare  Attracted  so  Uttio  »tt«ntioD  from  autboi^  and  tnTottlgston.  Bene*  a 
thoronirhly  iHilootillo  ejcposltloa  of  the  wholo  fubtoct,  sucb  as  Dr.  Hovro  has  ^t^n  uis  bu  \on^ 
been  a  deslrloratum.  ,  ,  .This  Uitlo  volunio  well  dfflonrca  the  aiteotloD  of  physldana,  to  wbom 
w #  commend  It  most  bljfbly."—  VhUafjo  Medical  Journal. 

"...  To  any  one  soffoiing-  froiij  tlie  affbctloo,  either  In  bis  own  person  w  to  that  of  bla  Intl- 
in>t«  ncqnalotannea,  wa  ean  commend  this  rolume  as  oontaininr  all  thai  ta  kaown  oauoernlnip  tba 
■uiijtH  I.  Mt  fbrtb  to  a  pkoaant  iiyUir—Philad^pMa  Meditat  l%m4s. 

"  TbEs  Uttk  work  la  on  a  suhji'ct  that  has  ber«toforo  been  almost  entirely  tirnored  by  medical 
RUlbfirft,  yet  ita  troportano^  Ls  vraW  known  by  everr  practitioner.  .  .  .  The  autbar  lu'ivcfi  m  soocinct 
acy^tint  of  the  diseased  conditions  Id  which  a  fetid  braath  Ij  an  Important  »>'rim torn,  with  hla 
metliori  of  trentmont  Wa  cooAldcr  the  work  a  real  addition  to  medicd  Utorutiu-i)."^ — Oin^nnaM 
Mtdioai  Joumak 

HUXLEY  AND  YOUMANa 
The  Elements  of  Physiology  and  Hy- 

giene.     With  Numerous  Illustrations, 

By  THOMAS  H,  TIUXLEV,  hUV.,  F.R.S.»  and 

WILLIAM  JAY  YOUMANS,  M.  D. 

Hew  and  BeWied  Edition.    1  voL,  12mo.   420  pp.    $1.75. 

^  text-book  for  edncatlonal  Uistlttitlona,  and  a  raloabla  elementary  work  for  attidentaof  medl- 
dne,  Tho  groiitor  portion  [&  from  the  pen  of  Profosaor  Uiucley,  adaptiHl  by  Dr.  Youmaoa  to  th* 
(drcvtnittiDcea  nnd  requtremeiita  of  American  education.  The  eminent  claim  of  Prof^aor  Quz* 
ley's  ^'Ek^meoUiry  PbvHlold«;y  "  l»,  tbat,  while  Up  to  the  tlm»,  It  Is  truatwortby  ID  its  presents^ 
tt"n  of  the  subject;  iviitio  rojt^ctlnff  iKAcredltod  floclrine*  and  doubtful  ipeciitatlont.  it  embo«llea 
tijo  lotctt  results  tbtit  aro  eatablLahod,  and  repnisenta  Hie  prewnt  actual  st»to  of  physiok>gl«al 
knowlfdfre. 

*'  A  rAluabltf  eontrtbntlon  to  anatomical  and  physlo1o«!c9J  science  " — R«tiQlmtM  Tr/Mcopt* 

**  A  ikat  and  well  arranged  work,  om bracing  the  latest  discoverlea  and  accepted  iheonaib**— 
Bi^oko  t\tmmerc{*}f. 

♦*Te©ni!ing  with  intbrmatloD  conccrolnjj  the  hunmn  phyalcal  vicxiXiQm^,**^E9fninif  JvumoL 

HUXLEY. 
The  Anatomy  of  Vertebrated  Animals. 

By  THOMAS  HENKY  HUXLEY,  LL.D.,  F.  R.S,, 

Anthor  of '^  Man's  Place  In  Nikturo,**  ^  On  the  Orlj^n  of  Spedoe,**  **  l^y  Sermoot  tnd  Addresaea^" 

et43. 

1  TOL,  121110.   Clotli,  12.60.  ' 

The  fbrmernrorks  of  Prot  fiuxtev  leave  no  rooitt  V^t  doubt  as  to  the  tmportanoe  and  Tsliif  of 
hla  new  rolttma.  It  (a  one  which  wlCt  t»t  very  accej»tablo  to  all  \rho  are  inlerasted  In  the  Ittt^aet 
ofwblchttCreata. 

^'Thla  long-oxpect«d  wort  wtt!  !.o  ronHinv  \rel.r.m*-.l  bv  nil  'IndontA  and  teacbera  of  Com- 
pamtive  Anatomy  ai  a  ci>  r^  »nitll  dimenslona,  mngsit 

cninikr^hcnsiTagnldQon  t  rriUL-lse  the  work  of  ao 

accomplliihcilaiiiaator  of  II  ,  iice.    It  la  enoogh  to  i^f 

Uiai  It  reallaoa,  In  a  remark  ible  doifrco^  the  ,\  ivc  bovn  funned  of  It;  and  Uttl 

It  pfeaeata  an  extraordinary  combination  oi  v^,  with  the  dt^or,  aeenraA*,  ani 

■monfnctatatemont  of  a  prorll^loat  tiumTMirni  -  V7l^l'r'^•, 
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JOHNSON. 

The    Chemistry    of    Common     Life. 

IlhiBtrated  with  numeroua  Wood  Engravings. 

By  JAMES  F.  JOHNSON,  M.  A.,  F.  R.  8.,  F.  G.  8.,  bto.,  bto., 

▲Bliior  of  **LeetiirM  on  Agrioaltnnl  GbemlBtry  and  Geology,"  **▲  Oatechlwn  of  Agrieoltanl 
Chemistry  and  Geology,**  eta 

2  Tols.,  12II10.  Olotli,  $3.00. 
It  has  been  the  object  of  the  author  in  this  work  to  exhibit  the 
present  condition  of  chemical  knowledge,  and  of  matured  scientifio 
opinion,  upon  the  subjects  to  which  it  is  devoted.  The  reader  will  not 
be  surprised,  therefore,  should  he  find  in  it  some  things  which  differ, 
from  what  is  to  be  found  in  other  popular  works  already  in  his  hands  or 
on  the  shelves  of  his  library. 

LETTERMAN. 
Medical  Recollections  of  the  Army  of 

the  Potomac. 

By  JONATHAN  LETTERMAN,  M.  D., 

Late  Surgeon  U.  8.  A^  and  Medical  Director  of  the  Army  of  tbe  Potomaa 
1  vol.,  8yo.  194  pp.  Cloth,  $1.00. 
**  This  account  of  the  medical  department  of  the  Army  of  the  Poto- 
mac has  been  prepared,  amid  pressing  engagements,  in  the  hope  that 
the  labors  of  the  medical  officers  of  that  army  may  be  known  to  an  in- 
telligent people,  with  whom  to  know  is  to  appreciate ;  and  as  an  affeo 
tionate  tribute  to  many,  long  my  zealous  and  efficient  colleagues,  who, 
in  days  of  trial  and  danger,  which  have  passed,  let  us  hope  never  to  re- 
turn, evinced  their  devotion  to  their  country  and  to  the  cause  of  hu- 
manity, without  hope  of  promotion  or  expectation  of  reward." — Fr^aes. 

**  We  venlure  to  assert  that  but  few  who  opeu  this  volume  of  medical  annak, 
pregnant  as  they  are  with  instruction,  will  care  to  do  otherwise  than  finish  theni 
at  a  sitting/* — ifedical  Record, 

"  A  graceful  and  affectionate  tribute."— JV.  7.  Afediecd  Journal, 

LEWES. 
The  Physiology  of  Common  Life. 

By  GEORGE  HENRY  LEWES, 

Author  of^Seaaide  Studies,**  '^Life  of  Goethe,**  eta 

2  voIb.,  12mo.    Cloth,  $3.00. 

The  object  of  this  work  differs  from  that  of  all  others  on  popular 

•dence  in  its  attempt  to  meet  the  wants  of  the  student,  while  meeting 

those  of  the  general  reader,  who  is  supposed  to  be  wholly  unacquainted 

with  anatomy  and  physiology. 
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MAUDSLEY. 
The  Physiology  and  Pathology  of  the 

Min<I, 

Bt  henry  MAUDSLEY,  M.  a,  Londoh, 

TelJow  of  th«  Royal  College  of  Ph ,  Ucfcl  Jartuprudenc^  In  rolviyrsilr  Col- 

l^'KtS  fAiniloti ;  PrcBtdeTit-i'ki  .  u  jil  Aitocki Ikd  ;  HoDonit7  M(i*iijDcr  of 

the  Mtsllco-lVt^i^Jl^ifJt'Al  S?'  iMrlQlSocletv  of  Physicbma  of  Vli'OM* 

And  of  the  Society  fur  tbo  Prcinutton  of   Tty*  lUaii  v  md  Ktirenislc  f^sycKc^logy  of  ykua*; 
(bnnerly  Ee«ldeiit  PhyilcioB  of  the  Maocbvatcr  JioyoJ  Luoatk  AajIuih,  etc^  «tc. 

1  yoL,  Sto.   422  i»p.    Cbtb,  ta.OO. 

Th!a  work  alma,  in  the  first  placo^  to  treat  of  meutal  pbenomena  from  m 
pbysioloj^ical  rather  than  from  a  met^iphyaicni  point  of  view ;  and,  Becotidty,  ta 
bring  the  manifold  instructive  instances  presented  hj  the  unbound  mind  to  bear 
upon  tUe  interpret&ttoQ  of  the  obsctire  problems  of  mental  science, 

'*  Dr.  Maudaley  hna  bad  the  couTAge  to  oDdertake,  and  the  akill  to  ezecate^  wlwi  iB,  it  leMl  ta 
EogUAl).  an  orl^i"*!  eatori»rls«."— Z*Ofttfon  Saturdatj  Ittriew. 

'*  It  If  so  fliiil  v(  ^t'DAlbfe  if^flectloni  and  sound  trtith»  that  their  wide  dla«einliiatlaa  could  not 
bnt  be  of  benetlt  to  all  tbinKlng:  persona."—  PnychoU^ical  Jitumal^ 

•*  tJnqucpti^'tiiibly  otie  of  the  ableat  and  mont  imuortsnt  works  on  the  inbject  of  which  It 
treata  tliat  btis  ever  rit>peartd,  and  does  credit  to  his  pMoiophleal  aouinon  and  aocurate  obs^mk' 

'*  We  by  down  the  book  wUfi  i  ind  we  comuieDd  It  mo!»t  eurneetly  to  oar  n»d6f* 

14  a  work  gr^'Xtraonllnnry  merit  v — one  uT  itioni!  ti^rodtictJuti!)  tbat  are  eroked  onlj 

occa5l0bally  tti  the  lapse  of  yeai-a,  >  i  ve  to  mark  avtUid  uud  very  decided  advantafvt  (■ 

knowledge  and  ecieoce,'*— Jf.  Y,  McUiad  jQumoL 

Body     and      Mind  :     An  Inguirfj   into  their   Cofp- 

ncction  and  Mutual  Influence^  especially  in  reference  to 
Mental  Uisorders;  an  enlarged  and  revised  edition  ta 
which  are  added  Psychological  Essays. 

By  henry  MAITI>SLEY,  M.  D,  London, 
Anthor  of  **Tbe  Physlolo^-y  and   Pathobgy  of  the  Mind.** 

1  vol.,  12mo.    15&  pp.    Cloth,  $1.00. 

The  general  plan  of  thia  work  may  he  described  as  bc4ng  to  bring  mtn,  both 
Sn  bts  phyaical  a.nd  menial  reUiiong,  as  much  as  possible  within  the  scope  of  «d- 
entific  inquiry. 

•*  A  ropreseiitatlro  wrork,  whlrb  OTcry  one  roust  stndy  who  dealrei  to  know  what  It  doltlff  la  dM 
way  of  real  [irotrrvs^,  ao^l  hot  mere  chatter,  about  munt&l  phyjildbary  and  paLholo^y."'— i<a^0al. 

"  It  dlatbactly  marka  a  atcp  In  the  progroai  of  Mieatlflo  psychology."— y'A<  Practitioner. 

Responsibility  In  Mental   Diseases. 

By  henry  MAUDSLEY,  M.  D.,  London, 
Atitbor  of"  Body  and  Mind,"*  **  rhyelology  and  Putholo^  of  lh«  fiOiuL* 

1  7oL|  12mo,   313  pp.   Cloth,  fl.BO. 

**  This  book  Is  a  oomnact  ptfseatatfon  of  those  fhcH  and  prSneipU^s  whlr-b  require  to  bo  bibSB 
Inlo  aooouot  tn  e«t1in«tui^  bnman  reanontlbillty^Dot  legul  reB]xin3it>llttv  mervty,  but  n&fff^mih 
blUty  ftkr  oonduct  In  the  (kiiUly,  tho  ichool,  and  alt  phases  of  social  relatloo  In  which  obHgatlOft 
enters  as  an  efecnent.  The  work  Is  new  to  plAQ,  and  was  written  to  tapply  a  wfaSa-M  Wttl 
which  has  not  hitherto  b*en  m^ir ^Thf  POimiar  Science  3foftWy. 
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MEYER 

Electricity  in  its  Relations  to  Practical 

Medicine, 

Bj  Db.   MORITZ  MEYER, 

BoyftI  CoiuueUoir  of  UeaJth,  etc 

IfnzislAted  from  the  Third  Qermau  Bdltlon,  with  Notes  and  AddlMona, 
A  New  and  BevlB«d  Edition, 

Bj  WILLIAM  A.  HAMMOND,  M,  D., 

Ftrofeuori>r  P(ieft»p|  of  (ho  Mind  and  N^rroui  SjBLeni,  ind  eT  CllaleftI  IfeAlcloe,  Id  the  BeDenif 
HoflptUJ  Mrdkml  C<rlJcire-,  Vlc<r-Pr«iiid^iit  of  the  Aradrmy  of  UonUl  6detloe^  KfttlOD^ 
ludtate  of  Lutleri^  Artu^  &Dil  Sciences ;  late  Surgeon -GutDerni  U«  B.  A^  etc 

I  vol.,  8to.    497  pp.     Cloth,  t4.50. 

**It  is  the  daty  of  erery  pliysiciau  to  etudj  tbe  action  of  electricity, 
to  become  acqtiamted  with  its  value  id  tberiipeatks,  and  to  follow  the 
improremeiita  that  are  being  made  in  tbe  a{)paratus  for  its  appFi cation  in 
toedicioe,  that  be  may  be  able  to  clioose  the  one  befit  adapted  to  the 
treatment  of  individual  cases,  and  to  teat  a  remedy  fairly  and  without 
prejudice,  which  already,  cBpecially  in  nervoua  diseases,  has  been  UMd 
with  the  beat  results,  and  wliich  prouitses  to  yield  an  abundant  harrcit 
in  a  itill  broader  domain,'* — Frovi  Author^s  Prtface, 

wncncat  or  nxctnATioxi^ 


iutoB-BtdBghuMB  Appmnu. 

•*  Those  who  do  not  read  German  ure  tinder  (rreat  obllgEtioni  to  Wtlliim  A. 
Bamnicmd,  who  hat  given  tbem  not  only  ao  excellent  tnmilatioD  of  s  roost  «x- 
eeltent  work,  but  has  giTeo  ua  much  t^ahiabk  inforniation  and  many  tuggestknif 
from  hU  own  pergonal  experir*iice/*^j*ffrfi>o^  Record. 

**  Tk.  Moriti  Meyer,  of  Berlin,  has  been  for  more  than  twenty  years  a  laborloxii 
and  eotiscientiouH  atudcnt  of  the  application  of  electricity  to  practical  medlciDe, 
and  the  rcsnlta  of  hia  khors  ire  giTcn  in  this  volume,  Dn  Hammond,  In  making 
a  tranalation  of  the  third  Ckrman  edition,  has  done  a  real  sernce  to  the  profeiilan 
^  this  cotintry  and  of  Great  Britdn.  PUJnlj  and  concisely  written,  and  iliiiply 
and  cleariy  airanged,  tt  contain!  Just  what  the  physician  wants  to  know  oe  IM 
•abject."— iV^.  r.  Medical  J&umel 

*^  It  is  destined  to  fill  a  wint  long  felt  by  physicians  In  this  ooontry."— JWfM 
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MARKOE. 
A  Treatise  on  Diseases  of  the  Bones. 

By  THOMAS  M.  MARKOE,  M.D,, 
^nUwbOr  of  Surgery  lo  the  Conopo  of  Physldnns  an(i  Sarffoou*,  New  York,  elfl^ 

WITH     NUMEaOUB     TLLUBTRATTONS. 

1  vol.,  ayo.   Cloth,  Si.GO. 

This  Taluftble  work  la  a  treatise  on  Diaeasea  of  the  Bone^t  embracing  their 
f  tructural  changes  as  AfTected  by  diseajsCj  their  clinical  hlstoiy  and  ireatiseiitt  tn- 
eluding  also  an  acconnt  of  the  vnriouB  tumors  which  grow  in  or  tipon  them^  Kooe 
of  the  injuria  of  bone  are  included  in  its  tcope,  and  jiojohtt  diseaaea,  excepting 
where  the  conrlition  of  the  bone  is  a  prime  factor  in  the  problem  of  disease.  As 
the  work  of  an  ctuinent  surgeon  of  large  and  raried  experience,  it  maj  be  re* 
garded  as  the  best  on  the  subject,  and  a  valuable  contribution  to  medical  Utertp 
ture, 

"  Tha  book  trblob  f  now  ofl^r  to  my  professlanil  hr«thi«D  oootolnfl  the  snbatanoo  of  t!i«  1ee> 
tnrei  which  I  haro  delkered  dnring  the  past  tweke  jvutm  at  the  eon«gA,  ...  I  hare  fbllowvd 
the  lesdlDgii  of  my  own  atudlea  Mud  ohMirntloiu^  dwalUog  more  on  iboso  bnuiobet  where  I  had 
aeeo  uid  ttndled  mo^t,  ftnd  p«rluip»  too  much  aeglectlag^  othera  where  mj  own  experteoee  waa 
roora  barren,  and  there  rore  to  me  teiB  late  resting.  I  hare  endeavored,  however,  to  make  tip  tba 
defldetftslea  of  my  own  knowledge  by  the  froe  a»e  of  the  materiAti  acattered  so  Hcbly  throturb 
our  periodical  Ute(ratur«^  whlob  acatten-d  bav«a  it  la  the  right  and  the  duty  of  the  ayatematio 
writer  to  ooUect  and  to  embody  la  any  oocomit  he  muy  offer  of  the  atate  of  a  aclenee  at  any  i^TfB 
period:' ^Meireietjixfm  Auihor't  Prt/act, 

NEFTEL. 

GalvanO-TherapeutlCS.  The  Fhydohglcal  and 
Thcrapcntiml  Action  of  the  Galvanic  Cnrreni  npon 
the  Acoustic^    OpUcy   JSt/mpathetic,   and  Pneumoga^tric 

By  WILLIAM  B.  NEFTEL.       • 

1  vol.,  12mo.    161  pp.    C]otli,  $1.60. 

ThU  book  had  been  rcpubliahed  at  the  request  of  several  aurtil  Burgeon*  ind 
other  profe^Bional  gentlemen^  and  is  a  vaJuablt)  treatise  on  the  aubjecta  «>f  which 
tt  treats.  Its  author,  formerly  visiting  'physician  to  the  Intgest  hospital  of  Sl 
Petersburg,  has  had  the  retj  best  faciUtiea  for  invealigation, 

**This  little  work  ehowe,  as  far  as  it  goes,  full  knowledge  of  what  has  been 
done  on  the  subjects  treated  of;  and  the  autbor's  pructieai  acquaintance  with 
tbem." — New  York  Medical  Journal 

**  Those  who  use  elcoirJcity  should  get  this  work,  and  those  who  do  001 
thould  peruse  tt  to  learn  that  there  is  one  more  therapeutical  agent  tliat  th^ 
could  and  ehould  poaseaa/^ — Tht  Mrdival  Int't»thjutot\ 
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NIEMEYER 

A  Text-Book  of  Practical   Medicine. 

With  Particula/r  Reference  to  Physiology  and  Patho' 
logical  Anatomy, 

By  the  late  Dr.  FELIX  VON  NIEMEYER, 
^  PrafeMor  of  FMhology  and  Th«nip«utlet:  Director  of  tha  Medioil  CBnie  of  tho  Unlrtnltj  of 

Xraaslatad  from  the  Eighth  Oerxnan  Edition,  by  apeolal  permlMlon  o/ 

the  Author, 

By  GEORGE  H.  HUMPHREYS,  M.  D., 

l£M  »•  of  tha  Phvsldani  to  the  Bareaa  of  Medical  and  Sorglcal  Rettef  at  BeDeTae  Hoapltal  fcr 
the  OutKloor  Poor ;  Fellow  of  the  New  York  Academy  of  Medicine,  ete^ 

and 

CHARLES  E.  HAOKLEY,  M.  D., 

One  of  the  Fhyslclani  to  the  New  York  Hoapital;  one  of  the  Sorgeona  to  the  New  York  Y,j0 
and  Ear  Inflrmaiy ;  Fellow  of  the  New  York  Academy  of  Medidne,  et& 

BeTiied  Edition.   2  vols.,  8to.   1,528  pp.   Cloth,  $9.00;  Bhatp,  $11.00. 

The  author  undertakes,  first,  to  give  a  picture  of  disease  which  shall 
be  as  lifelike  and  faitiifol  to  nature  as  possible,  instead  of  being  a  mere 
theoretical  scheme;  secondly,  so  to  utilize  the  more  recent  advanced 
of  pathological  anatomy,  physiology,  and  physiological  chemistry,  as  Up 
famish  a  clearer  insight  into  the  various  processes  of  disease. 

The  work  has  met  with  the  most  flattering  reception  and  deserved 
success ;  has  been  adopted  as  a  text-book  in  many  of  the  medical  colleger 
both  in  this  country  and  in  Europe;  and  has  received  the  very  highest 
encomiums  from  the  medical  and  secular  press. 

"It  is  comprehensive  and  concise,  and  is  characterized  by  clearness  sad 
originality/^ — Dttblin  Quarterly  Journal  of  Jfedieiru, 

**  Its  author  is  learned  in  medical  literature ;  be  has  arranged  his  materia]# 
with  care  and  judgment,  and  has  thought  over  them." — 7^  Laned, 

"As  a  fullf  systematio,  and  thoroughly  practical  guide  for  the  student  and 
physician,  it  is  not  excelled  by  any  similar  treatise  in  any  language." — AppUUm^ 
TournaL 

"  The  author  is  an  accomplished  pathologist  and  practical  physician ;  he  is  not 
only  capable  of  appreciating  the  new  discoveries,  which  during  the  last  ten  ^ear# 
have  been  unusually  numerous  and  important  in  scientific  and  practical  medicineu 
but,  by  his  clinical  experience,  he  can  put  thc^e  new  views  to  a  practical  test,  and 
give  judgment  regarding  ihem^-^EiUnburqh  Medical  Journal, 

"  From  its  general  excellence,  we  are  disposed  to  think  that  it  will  soon  take 
its  place  among  the  recognized  text-books." — American  Quarterly  Journal  of 
Meaical  Scienceft^ 

"  The  first  inquiry  in  this  country  regarding  a  German  book  generally  la. '  I# 
it  a  work  of  pimotical  value  ?  "  Without  stopping  to  consider  the  Justness  of  the 
American  Ideafof  the  '  practical,*  we  can  unhesitatingly  answer,  *  It  is  T  "— ^Tms 
York  Medical  Journal. 

"  The  author  has  the  power  of  sifXing  the  tares  from  the  wheat — a  matter  of 
the  greatest  importance  in  a  text- book  for  students." — Brilith  Medical  Journal, 

**  Whatever  exalted  opinion  our  countrymen  may  have  of  the  author*s  talenti 
of  observation  and  bis  practical  good  sense,  bis  text-book  will  not  disappoint 
them,  while  those  who  are  so  unfortunate  as  to  know  bim  only  by  name,  have  \m 
•tore  a  rich  treat."— ^Vw  York  Medical  fOcord 
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NIGHTINGALE. 
Notes  on  Nursing;  what  uu,  and  what  ui^nou 

Bt  FLORENCE  NIUnTINGALE. 

1  val.,  12mo.     X40  pp,     CloUi|  76  c«nti.  • 

Every^diij  Biinitary  knowledge,  or  the  knowledge  of  nursing,  or,  in  otber 
vrordei,  txi  how  to  put  tbo  constitution  in  sueh  a  state  aa  tbnt  it  will  bave  uo  di»- 
eiLSO  or  that  it  can  recover  from  disease^  takes  a  Ligher  place.  It  is  recognized 
A3  tUe  knowledge  wbiob  every  one  ought  to  have — dib^tlnct  from  medical  knowl- 
edge»  which  onlj  a  profceaion  can  have. 


NEUMANN. 
Hand-Book  of  Skin  Diseases. 

By  Dr.  ISIDOR  NEUMANN, 
Loctarcr  onHkin  DLBeAsoi  in  tbe  Roy«l  Uiilvertltf  of  yieona. 

taiBBlated  firom  ftdvanoed  sheets  of  the  seoond  editioxu  f uxmi^ed  by  Xt^ 

Author;  witli  Notes  * 

Bj  LUCIUS  D,  BULKLEY,  A,  M.,  M.  D,. 

Aufeon  to  Che  New  Tork  DiapcQaarr,  DcpurtmcDt  of  Venereal  and  Sklo  Dlieoiiei:  AmIiIp 
ant  tDtho  Skin  Clink  uf  ihe  Coile;,^  or  Ph>jiician§  aod  Siurgeona,  New  York;  ILtt^ 
bCf  of  the  New  York  Derma loloijlcal  Society,  ctt,  etc 

1  toIm  Sto.   Abint  450  pag^ei  and  08  Wo^doutt.    Cloth*  f4.(Kk 

Prot  Neamann  raDkt  aecond  onlf  to  flebra,  wb  )«e  a^ileiant  he  waa  Tor  mauy  jcaei 
«Dd  bla  work  may  be  conaldet-ed  a«  a  fair  exponaot  of  the  Germao  practice  of  DermalokK 
gj.  TIjfl  book  ta  abundantly  llhiBtruted  wHh  platoe  of  the  hLBtolotzy  and  palbolofr;  of  the 
sktn.  Tbo  translator  bm  endeavored*  bj  moaat  of  uoten  frotn  French,  EugUfh,  atid  Amei^ 
cut  lourccB,  to  make  tbo  work  valuablo  to  tbi}  atndont  a«  well  aa  to  the  practlUoner. 

"It  t«  a  work  which  I  ahall  heartlly^  recommend  to  my  cJaai  of  alndcnti  at  the  Unfve^ 
•try  of  Petin^rlviitila,  and  one  which  1  feel  anro  will  do  much  toward  enllghtenlu;;  the  pti^ 
Cc«»U>n  oil  thia  eulijeot.*'— /.ottAf  A,  Duhring, 

'*  I  know  ft  to  ho  a  good  hook,  and  I  am  ante  that  It  fa  well  tmnrtated;  and  it  Iv  liitet* 
satin;;  to  find  U  llEnstratcd  bj  refereDcea  to  the  vtewa  of  co-laborcra  in  the  aame  iis)d.'*^ 

**  »a  complete  aa  to  render  It  a  mo^t  uNiral  book  of  reference/'— T^  McOoS  Attdermm^ 

"There  cerfalolj  \n  no  work  extant  which  deals  ao  thoroa^hly  with  the  Pathotogtflil 
Anatomy  of  the  Bkin  a4  doca  thte  hand-book,'*- iV.  Y.  Ifedicai  Record, 

**The  ortj^lsai  note*  by  Dr,  Bnlklej  are  very  tiractlcal,  and  arc  an  Important  s4Joact  Uk 
the  tert,    ...    I  anticipate  forii  a  wide  drcnlat loo.*'— 6tfcu  ffurkm,  Bo*toi%, 

**•  I  have  alrs^adj  twice  exnre«i»«d  my  f)ivorab1e  oplnVon  of  the  book  In  print*  and  am 
clad  that  It  li  glveo  to  the  pobllc  at  laaf— Jam«f  C.  WhiU,  Bmton, 

**  Mor«  than  two  veara  i^  we  noticed  Dr.  Neamann'a  admlrahle  work  In  tta  oHjetnal 
Shape;  sad  wft  are  thenHbre  ahaol^ed  from  tht  nscf>efi|ij  of  Mying.  mnrs  than  lo  ttiamk. 
max  atroDK  recommendailon  of  It  to  SojcUnh  T^/^9T%.*'—PrxkeUtkm*r, 
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PAO-ET. 
Clinical  Lectures  and  Essays. 

Bt  Sir  JAMES  PAGET,  Bart., 
F.  R.  8.,  D.  0.  L^  Ozoiin  LL.  D-  CanUb. ;  Seixcwnl-Sunrifon  Kxtraurdlnoiy  to  her  Majeitj  the 

2ucen ;  Siuv«oii  to  11.  £.  u.  the  Prince  uf  Wiiie«;  CuiMuiliug  bux^ttun  to  6t.  Btuthoiomew** 
ospltoL 

Edited  by  HOWARD   MARSH, 
AflslBtent  Surgeon  to  Bt  Bartholoinew*B  Hospital,  and  to  the  UospitAl  for  Sick  Childien^ 

1  vol.,  8yo.   Cloth.   Prioo,  $5.00. 
CONTENTS. 
Thi  Various  Risks  of  Operations— Thr  CALAinTiES  of  Suroert — Stam- 

MIRIIIQ   WITH  other  OrOANS  TIIAN   THOSE  OF  SPEECH— CaSES  THAT    BoNK-StTTERS 

oimE — Strangulated  Hernia — Chronic  PTiRMiA — Nervous  Mimicrt — Treat- 
iiKMT  OF  Carbuncle — Sexual  Htpochondriasis — Gouty  Fhlkbitis — Residual 
Abscess — Dissection-Poisons — Quiet  Necrosis — Senile  Scrofula — Scarlet  Fr- 
yer AiTER  Opirations— Notes  for  the  Study  of  somi  Constitutional  Disease* 
— ^NoTEs — Index. 

PEASLER 

Ovarian   Tumors  ;    Thdr  Pathology,  Diasmosis,  and 

Treatment,  with  Reference  especially  to  Ovariotomy. 

By  E.  R.  PEASLEE,  M.D., 
Pioftssor  of  Diseases  of  Women  in  Dartmoath  CoU«(^ ;  nne  of  the  Consolting  Physteans  to  fh« 
New  York  State  Woman's  Hospital;   foniierly  Prufessor  of  Obstetrics  and   Diseases  of 
Women  in  the  New  York  Medical  CoUeife;   Oorrusponding  Member  of  the  Obstetrical 
Society  of  Berlin,  etc. 

1  Tol.,  8yo.   lUustratad  with  many  Woodeuti,  and  a  Steel  EngraYing  of  Pr.  £• 
MoDoweU,  the  ''Father  of  OYariotomy."   Price,  Cloth,  $6.00. 


This  valoable  worit,  embracing  the  results  of  many  years  of  sucoessfhl  experience  in  the  do- 

rtioect  of  which  it  treats,  will  prove  inoet  accf  ptable  tu  the  entire  proSesMon ;  while  the  hlsb 

itaudinic  of  the  author  and  his  knowledge  of  the  aubjoct  combine  to  make  the  book  the  best  ia 
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the  lan)?ua)re.  It  is  divided  into  two  parts :  the  first  treating  of  Ovariuu  Tuiiiurs.  their  anatomy, 
patholoiry.  diagnosis,  and  treatment,  except  by  extirpation :  the  second  of  Ovariotomy,  its  historr 
and  statistics,  and  of  the  operation.  Fully  illustrated,  and  abuimdlntr  with  inlliruiation,  the  result 
of  a  prolonged  study  of  the  subject,  the  work  should  be  in  the  hands  of  every  physician  in  the^ 
country. 

The  following  are  some  of  the  opinions  of  the  press,  at  home  and  abrood,  of  this  great  work, 
which  has  been  Justly  styled,  by  an  eminent  critic,  **  the  tnost  eofnpleU  intdieut  monograph  on  a 
practical  nubject  ever  produced  in  Viia  country ^ 

**  His  opinions  upon  what  others  have  advised  are  clearly  set  forth,  and  are  as  Interesting  and 
important  as  ore  the  proiK>sitlons  be  has  himself  to  advance:  whlle.there  are  a  freshness,  a  vigor, 
an  authoritv  about  bis  writing,  which  great  practical  knowledge  alone  ran  confer.'* — Th§  Lancet. 

**  Both  Wells's  and  Peaslee's  works  will  be  received  with  the  resiioct  due  to  the  great  repiK 
tatlon  and  skill  of  their  authors.  Both  exist  not  only  as  masters  of  their  art,  but  as  clear  and 
graceful  writers.  In  either  work  the  student  and  practitioner  will  And  the  fhiits  of  rich  expe* 
Hence,  of  earnest  thought,  and  of  steady,  well-balanoitl  Judgment.  As  England  is  proud  of 
Wells,  so  may  America  well  be  proud  orPeaalee,  and  the  graat  world  of  aclenca  otay  he  proud 
of  both.''— BritUh  Medical  Journal. 

'*  This  Is  an  excellent  work,  and  does  great  credit  to  the  industry,  ability,  sdenee,  and  leamliiff 
of  Dr.  Peaslee.  Few  works  issue  from  the  medical  press  so  comi»lete,  so  exhaustively  learneiL 
■o  imbued  with  a  practical  tone,  without  k>sing  other  substantial  good  qnaHtSMj^-^JBuinburg^ 
Medical  JaumcU. 

**  In  closing  our  review  of  this  work,  we  cannot  avoid  again  expressing  our  apitredattoR  of 
fha  thorough  study,  the  carefhl  and  honest  statem'^nta.  and  candid  spirit,  which  cnaraoterisa  it.. 
Jbr  the  use  (^  the  etudent  we  ehould  give  the  pr^erenoe  to  Dr,  ftadee'e  work^  not  onljr/tom 
U$  comptetgneu,  but  from  its  tnore  methodioal  arrtu»gemetU."-^Ameriean  Journal  of  MkUeat 
Seiincet, 
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PEREIRA. 

Dn    Pereiras     Elements    of    Materia 

Mediea  and  Theraptititicii,  Abridged  and  adapted  for 
ike  Use  of  Medieaf  and  Pharmaceuticai  Practitioners 
and  Students^  and  cONiprising  all  the  Medicines  of  the 
British  Pharmaropma^  with  such  others  as  arefrequentlt/ 
ordered  in  Prescription^^  or  rtquired  by  the  Physician, 

Et)iTK>  BT  ROBERT  BEXTLEY  and  THEOPHILCS  REDWOOD. 
Hew  £dition.   Brought  down  to  1872.    1  vol.,  Eoyal  8yo.    Clotb,  $7.00 ;  8he«p, 

$B.oa. 

IvepOrtS.     Bellevue  and  Charity  Hospital  Eeporttt  for 

\S70f  containing  Valuable  Contributions  from 

iiAAO  £.  Tatlos,  M.  D.,  Auktik  Flixt,  M.  D.,  'Lmwa  1>  SAtmi,  M.  D-WtiLtAJi  A.  Ham- 
MOKD,  M.  B^  T.  GAiLl.AiU)  TuoMAH,  M.  D^  Fbane  H.  Hx]iti.-roir,  U,  D.,  and  otbect. 


1  Tolo  Bvo.    Cloth,  ii.0O. 

'"Th^w  lQ«tlttitl(»Qi  art  tho  most  Important,  u  regwrdi  flc<? 
iTArleLy  of  casoa  traated,  of  rdj  od  UiU  contixu*Dt,  AnA  irfl  sur; 
Ttiti  pontJoraoo  conmM'twd  wka  tboni  ua  ttcknowliMlged  to  ln>  .. 
^nd  tue  roltmie  la  aa  laiportaDt  ■ddltlon  to  the  pn:»ft^sioQa(  llt<  i 
logioat  Journal, 


iiTim>>1nttoDa  for  patli^nU  tad 
!»t  few  la  tbo  M-ortd. 
*  in  lb(  !r  prof^utoni. 


RICHARDSON. 
Diseases  of  Modern   Life. 

By   Dr.   B,    W,    RICBARDSON,    R  R.  a 
1  ToL,  12ino.    $2,00. 
pAlT  TBB  First,— PllENONrEXA  OF  DISEASE,  IINCLDKNTAL  AND  GKNEBA^ 
Clin|}.  I.— Xfttnral  Lift  to  Nnturtl  Death.    Euthjuinela. 

**  U.— Phenomena  of  T>'  -  »-■    n^^^iflcatloD  and  Distribution. 

^  in.-Dl»e-nic  Antec- 

•*  I  ¥,— Extemiil  Orl^t  r  .  of  Dlaeom, 

^*  v.— Fhenoniena  of  l^. , .,  - ,  ..     i  Csute*  Ejctcmsl  tod  UnoontroUablo, 

-**  VL— PbctiomenA  of  Di»i!«»e,  Iruin  Canada  External  Jind  Communlttl>j0. 

^  ¥  11.— Phtto^mcoa  of  DIsmlsc^  iDcIdoDt&i  to  Old  A^v  and  Kfttural  Dcca^. 

Pa«t  TOM  Sxcoiciu— PHENOMENA  OF  DISEASE,  INDUCED  AND  SPECIAL, 
Chnft,  L— Definition  and  CliiAsificadon  i^i  Tndiic<>d  Diftcases. 

*•  IL— DlM^nao  from  Worry  and  MeofAl  SJtmln  (Broken  Heart). 

*»  JIL^^DlMiue  from  Wornr  and  McctAi  8 train,  continued  (pArAlyakl 

"  I V ,— Dt»oas«  from  Physical  Strain . 

v.— Dl*-«^"  IV,. Ill  O^mhtned  Phv«.i'^ii  nnri  ^T*  nUil  Stnin. 
«  VL— IM  >  Influtncc  '  v^. 

<*•  VII, -I>  oboL     rh>  .  tn. 

*♦         V 1 1 1 .— PL  L : .  „ , :  DUcaaw  fru  ni  .  v  ^ . . . ...     -  ij  u  FuncUoniil  Tj-iJ*. 

I X.— f )r«an  te  DiM^AM  from  A  ko  iio  I 
**  X.— DImsmi  from  Totacti^o.    PL.VBlolofflcal  Pb',  nom<Mi4. 

'*  ?kL— IH&eoM  from  Tobacco  c<,^^^^uu,■^  iuf  t]io  Heart  and  Liint'^V 

'*  XI  [,>«D(a«itao  from  Tobacco  f  tbo  Brain  and  Ncrvotis  Syst«m). 

'^        XllL— Diieaae  firom  the  Usr  frum  0]>lmn^  CiiJnrui,  and  AbillitJia). 

**  XIV,  —  t^ttfiAi^^  fnniii  M'MiKf.  , 

XV..     1h    ,    ,    ,.  ^ ,n.v 

*        XVI      JM  i.  lit  Sleep. 

^        XVir-.I^..,..o^i,...  1.       ...    ..    ,,      ,  ,.  ;  Air. 

'^     XYIIL-— Disoaao  Irom  Iiuiuhuii  utiii  Albrwi  C<>iit4gioti. 

Paw  Tin  Tbwd,— SUMMARY  OF  PKACTIOAL  APPLIOATIONa, 
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SAYRE. 
Lectures  on  Orthopedic  Surgery,  and 

Diseases  of  tks  Joints,    Delivered  at  Dellevue  Hospital 
Medical  CoUege  duri^ig  the  Winter  Session  0/1874-18754. 

By  LEWIS  A.  SAYRE,  M.  D., 

"BtohMOT  of  Orthopedic  Surgery,  Fractures  and  Dtolocationfl,  aud  Clinical  Sargery,  in  Bellevae 
Hospital  Medical  College;  Surgeon  to  Bellevue  Ilospitiil;  Consulting  Surgeon  to  Charity 
Hospital ;  Consulting  Burgeon  to  St.  Elizabeth's  Hospital;  Consulting  Surgeon  to  North- 
western Dispensary;  Member  of  the  Anaerican  Medical  Association;  Permanent  Member 
of  the  New  York  State  Medical  Society;  Fellow  of  the  New  York  Academy  of  Medicine; 
Member  of  the  New  York  Countr  Medical  Socletr,  of  the  New  York  Pathological  Society, 


of  the  Society  of  Neurology,  of  the  Medico-Legal  Society;  Honorary  Member  of  the  New 
Brunswick  Medical  Society:  Honorary  Member  of  the  Medical  Society  of  Norway;  Knight 
of  the  Order  of  Waaa,  by  Ills  Mi^esty  the  King  of  Sweden,  etc.,  etc 


ninstratod  by  Kumerons  Wood-Engr^ngi.    1  toL,  8to.   Cloth,  iS.OO;  Sheep^ 

These  lectures  are  published  at  the  request  of  medical  gentlemen  of  the  highest  standing,  m 
dliferent  sections  of  our  countiy,  as  well  as  many  abroad,  who  are  anxious  to  hare  Dr.  8ayr«'# 
peculiar  views  and  extended  experience  in  this  specialty  given  to  the  profession  in  a  plain  and 
practical  manner.  The  book  contains  the  substance  of  his  course  of  leotnrep  delivered  at  Belle* 
vne  Hospital  Medical  College,  as  well  as  many  important  cases  from  his  note-book,  and  from  th# 
hospital  records.  He  has  also  added  a  number  of  cases  before  presented  by  him  to  the  profes* 
slon  in  medical  journals,  or  at  the  different  medical  societies,  which  are  considered  worthy  of 
permanent  record. 

The  work  Is  enriched  by  beauUAil  and  excellent  Uhistratlons,  engraved  from  original  draw 
Inga  and  photographs  prepared  expressly  therefor.  The  author  having  enjoyed  exceptional  op* 
portnnities  for  the  study  and  treatment  of  these  diseases,  the  results  of  his  labors  cannot  M  Xa 
be  of  inestimable  v^lue  to  every  student  and  practitioner,  and  of  service  to  suffering  humanity. 

STEINER 

Compendium  of  Children's   Diseases. 

A  Hand-book  for  ^Practitioners  and  Students, 

By  Dr.  JOHANN  STEINER, 

Profeiior  of  the  Dlaeaaee  of  Children  in  the  University  of  Prague,  and  Fhyaldan  to  the  Frucl*' 
Joseph  Hospital  for  Sick  Children. 

Translated  firom  the  Second  (German  Edition  by  Lawaon  Tait,  V.  B.  0. 8., 

Surgeon  to  the  Birmingham  Hospital  for  Women ;  Consulting  Surgeon  to  the  Weft  Bromwlefe 
Hospital;  Lecturer  on  Physiology  at  the  Midland  Institute. 

1  vol.,  8yo.   Oloth,  $3.60. 

TRANSLATOR'S     PREFACE. 

Dr.  Stelnei^t  book  hat  met  with  such  marked  raooess  in  Oennany  that  a  second  edition  he* 
afaready  appeared,  a  dreumstanoe  which  has  delayed  the  appearance  of  its  English  form,  In  order 
that  I  might  be  able  to  give  hia  additions  and  corrections. 

In  Germanv  the  use  of  the  metric  system  has  not  yet  entirely  superseded  the  loeal  measures ; 
but  it  is  rapidly  doinjg  so,  as  in  England.  I  have,  therefore,  rendered  all  theriBometrio  observa* 
tions  In  the  Centigrade  scale,  and  all  measurements  in  oenti-  and  millimAtrea. 

I  have  added  aa  an  Appendix  the  '*  Rules  for  Management  of  Inlknts"  whidi  have  been  iseuecl 
Iff  the  staff  of  the  Birmingham  Sick  Children's  Hospital,  beoanae  I  think  that  they  have  set  m 
example  by  freely  diatributing  these  rules  among  the  poor  for  which  th^  cannot  oe  tuffldently 
aommonded,  and  which  it  would  be  wise  for  other  sick  ohildren*t  hospitals  to  follow. 

I  have  also  added  a  few  notei,  chiefly,  of  oourae,  relating  to  the  surgical  ailments  of  ehlldrea^ 

BzumroBAii,  Oetobir,  18T4.  LAW80N  TAIT.    , 
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STROTJD, 

The  Physical  Cause  of  the  Death  of 

Christy  and  its  delations  to  the  Principles  and  Pra>cii^ 

of  ChrUdanit}/. 

By  WILLIAM    STROUD»  M,  D. 
With  &  X«etter  on  the  Subject,  by  Sir  Jameii  T.  Simpaoiit  Bart.,  M.  D* 
1  Tol.,  l^mo,    422  pp.    Clotti,  §2.00. 
Th\*  ImporUnt  and  n>MtAi  k;iNU'  Ixttik  K  in  lu  nvrti  ti.lat«u  a  maatiu'tileoei,  ftad  wtQ  be  eo]uld«rad 
«p  1  ».tjtiutiiMl  wiirk  fur  inoFiv  y*-:ir*  li»  *n*iMi*. 

••  Tlif  [»nr»ct("i*l  ^n*\m  iH*Uu',]  <iM  k  Oiii  ih**  iWiith  nf  ThH^t  wiu  cAnuMi  by  niptura  or  li«ct»^ 
t}oT)  of  ilii<  li4ViirL  Sir  «l.iiitt->(<>  Y  Snii}ii'i«ji.  w)ui  hml  r*'Ai\  tW  aiithurV  UvatlM  »tv1  vmric»ut  cqcq- 
fut'tit^  •til  IL,  ux|tri'!«iMl  htttuwlf  very  |HiAUivfl^v  in  lax^v  *tf  ibu  vlnws  mairmJned  bj  Dr.  Byroad.* 
^J%ydH/iogicQi  Jom-nai. 

SIMPSON. 
The  Posthumous  Works  of  Sir  James 

You/ if/  iSiifip^HuH^  Iiijr(,^  31, 1  J.  In  Three  Volumes, 
Vulijme  L — ^frftr*i  Of^t,fHr,tt  tjttd  (hpitT*'fif*»juuit  Workn  nf  Sir  Jatnen  Y,  Simjwm^ 
Ilart..  W.  n,  U  (  Km  hf*'  lV.»fi*««.tr  of  MKl«ift  ry  In  \\w  rnivt-r^ltv  of  KdlntmiTrh  CanUUi- 
Isttr  tin'  injh»L'im?r  of  III*  I^t-ntr*'!*  »t(  MMwifi-ry,  Kititr^l  h\  ^  Watt  Uuaok,  A  M^  W.  D, 
HkdnuInT  of  ilif  \ln\»\  i'uWi'ffv  of  Plk^vitd  Ijimk/ l^iiutoti  ,  I'hvAl'Ut)  AccoiubiMir  ta  i'hBJiof 
CnH,fr  It<i9]iiiii^  T>>ik<li>tK  Hfi.l  !^n>nir«r  «»»  MkU*lf*,'ry  nail  IMWiiacA  of  VVomeB  nud  CbtldrvB 

tn  Uir   llMil.lUlSdlU.iJ  rtf  M,.hrifuv 

1  voL,  Svo.    862  Dp.    Cloth,  t3.00. 

TVil»  v*>li>m«*  '•nntatn*  n\\  ihf  iM.ir»^  Oh|Mirtini  *fjnu4lMitiiin*  uf  Sir  .Tampi  Y,  lB!nrip*"ri  to  tli« 
Atndt  of  nt.iiifirir*  iin«l  iJ|i*i'a*<<»  of  Wuffirit  with  lli**  •"nvt^iinii  of  lili*  t'Hni»*iit  twttirw*  «»n  ll***  l»iter 
«aUh^'t  tvhh  h  wilt  pboiily  itptM  nr  in  a  hx-pitriiLf*  VitlniMt-  ThlA  llrMt  voluKif*  otritilnpi  IHAtiy  tif  ttM 
j»«H'r*  r.'|ir1ot»^(l  frorn  hit-  *»<«tJ^tHr  Mt'iitifii-jt  ^ntl  r»»riirt»4Ut<t*|T%  hm*)  nlfco  SiU  DM'tnn«  NotAx  now 
|»»)l>l1hh>«l  l<ir  till-  flr*!  Itrtif*  »iim^iIm1i»i«  I^m^  *iiUU!m'»^  of  i|h'  pntrttral  )»Mrl  *\t  \M  *'onr»«'  of  mid* 
mM^ry  1 1  iA  n  i-o]t|(H«  of  p>*at  lfiU*n«<i4t  Ut  11h>  pi<ifi>ii»lon.  una  «  UtLintf  tuiiRioHjii  of  lu  reiioim«d 
and  ijl4'i:ii>'d  HuLlhtr. 

**  T««  nt'iii}  fif  our  rfn^lfm,  dotihrltwa.  tlio  rliU^f  of  tHr  pn]:M*ni  U  mntAlni^  ar**  rntnltlttr-  To 
i»th#rN,  Mttftoiiifh  jtr^i^hEit'lv  \Ut*x  lo.-iy  U'  Hwsr*'  tl»r»t  Sir  *I:mii»'»^  Siitip*itn  lui*  m  rlti*'n  mo  tW  iwh- 
|»»i»u,  ih*'  |»:n»*^r!«  tht'in.sprv*"i  will  W  nrw  mv\  fx^-Ai     To  tJm-  rtr'ii  cbuwi  wi*  «.»   '  '  -  n.iiwt  ihl* 

4*iiil(on  of  Sir  *ltun<''A  ^!^linp!^n'«  u'ork^  >i^  a  %'f*liiMli|f  roJMiut*  ^r  n-TTi'Mtv;  f<>  >i  roll^ne- 

il«iii  of  cbi'  *i»rkA  of  »  (O'i'Ml  Mi«*Ur  «»id  Imjmiv^^r  of  lil>  jirt.  ifn*  .*hnly  «f  w^l  to  luaJu 

th«fiit  UttttT  prppftrcil  t«  iiMi^t  all  I  ovi-roHUt-  iuMifii'M\tiift>,"'—,\fdie*U  Ton*^  u/<.i  t,a.i*il€. 

Volujtn;  11. — AHmMt/icdiitt,  //  nftifafixm^  He.     YAtXt'tX  by  Sir  Walter  SiMPdOX,  Barl 

1  vol..  Bvo.    560  pp.    Cloth,  (3,00. 

^^  W«  Nir  nflKK  aAofthi-  Wt^V  r*>ltiiiu'.  ih:il  It  Kh^juid  itiMl  a  pljirr  on  th«  t;ibtf  af  ^T^iy  pmfr 
tttl(«ii''r :  for,  tli«mL*}i  tt  f^  piit¥l)w«irk.(-j»i-lt  |ilinv  iiuty  ti«  i^titki'd  nut  Aiid  studied  with  ptttuorvaad 

|troJlL**—  y'A**   J^tM>l  (  lMHthn*\. 

XoWui^  n  r.—  yAr'  DinfiM*M  it/  Wom^n,    K4iu«l  b)-  Alix.  SiMPaosf,  If.  D,,  rrofe«ior 

«f  MMlMlfi'ry  lu  tb«  L'lilv.rr^iiy  of  KdlfOiiinrk 

1  70l..  8yo.    O'ith,  t3.oa. 
Ono  of  Che  best  works  qd  tbi;  •utijet.a  c>xuuiL    i  M  irutitiiit;ibl«  value  to  every  pliyilrtei. 

SWETT. 
A  Treatise  on  the  Diseases  of  the  Chest. 

Jitiuff  a  Votinte  of  Lecttima  delivereil  at  the  A^ew  Tork 
Jiosjntal* 

ny.TOnN  A.  SWETT,  M.  D., 

iProfruor  of  tbA  fnntHom  aDtl  PrntUi^'  uf  Mi*«bHtt«>  In  rh«*  N*«<w  Yorli  ITnlvvntitv  ;  Pbjtleks  ts 
Clir  New  Yoik  llo»plLiL  Vt.^mtH  r  »f  (li.-  \V«  Yf»rk  T'fttbolojfleel  I^etf, 

1  TM  .  8to.    &87  pp.    S3.50. 

Etn>Kk)WMl  La  tbl*  voliitn^  uf  Uj^iun.'S  l«  Ui»  L<x(iuriaiiee  af  UB  xeen  Uk  boenltel  ead  pflfBti 
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SAYRE. 
A  Practical  Manual  on  the  Treatment 

of  Club-loot. 

By  lewis  a.  SAYRE,  M.  D., 

Fh>ft88or  of  Orthopedic  Surgery  in  Bellcvuo  Hospital  Mi<lical  College;  Surgeon  to  Bellcmo  and 

Cluirity  Hospitals,  etc. 

1  Tol ,  12mo.   Kew  and  Enlarged  Edition.   Cloth,  f  100. 

"The  object  of  this  work  is  to  convey,  In  as  concise  n  manner  ns  jMissiliU*.  nli  tho  pinKlral  In- 
Ibrmailon  and  instruction  necessary  to  enable  the  ^>ntnil  jM-uc-iiliuncr  lo  apply  thai  pimi  v(  inat* 
ment  which  has  been  so  succcssftil  in  my  own  \mHU."'—i*rr/atw. 

**The  book  will  very  well  satisfy  the  wants  of  the  luujoiity  of  general  proctilioucrs,  for  whoM 
use,  as  stated,  it  is  intended."— Aeor  York  Medical  Journal 

SMITH. 

On  Foods. 

By  EDWARD  SMITH,  M.  D.,  LL.  B.,  F.  R.  S., 

Fellow  of  the  Royal  College  of  Physicians  of  Luiulon,  etc.,  etc 

1  vol.,  12nio.   Cloth.    Price,  81.76. 

"Since  the  fssne  of  the  anthors  work  on  "Pniciical  Dietary."'  h.-  h.is  fe!t  the  want  of  another, 
which  would  embrace  all  tbo  genernlly-known  and  loss-known  f<Mi«i.s,  and  eoi.Uiin  the  luteal  seien* 
tiflc  knowledge  resj>ecting  them.  The  present  volume  is  intended  lo  nu-ei  this  want,  .ind  wt!l  l»« 
found  useful  for  reterence,  to  both  scientific  and  general  i-eadirs.  The  author  extetids  the  onli- 
nary  view  of  fbods,  and  Includes  water  and  air,  sinco  they  are  important  both  lu  tlieU-  fuud  and 
sanitary  aspects. 

SCHROEDER 

A     Manual    of    Midwifery,      including  the  Pa- 
thology of  Pregnancy  and  the  Puer^Krcd  iState. 

By  Dr.  KARL  SCHROEDER, 
Professor  of  Midwifery  and  Director  of  the  Lying-in  Institution  in  the  University  of  Erbngeik 

TRANSLATED  FROM  TUB  THIRD  GERMAN  F.DlTlO.V 

By  CHARLES  H.  CARTER,  B.  A.,  M.  D.,  B.  S.  London, 

Member  of  the  Royal  College  of  Physician.^,  London,  and  Physician  Accoucheur  to  St  Gcorge% 

Hanover  Square,  DIspeusary. 

With  Twenty-tiz  Engravings  on  Wood.    1  vol.,  8vo.   Cloth. 

"The  translator  feels  that  no  apology  is  necdo«l  in  ottering  to  the  professinn  :i  transbtion  of 
Sohroeder's  Manual  of  Mld»vifery.  The  work  Is  well  known  in  <m  rm:iny  and  extensively  usetl  as 
a  tuxt-t>ook;  it  has  aU-eady  reached  a  third  edition  within  the  shuit  spare  of  two  years.  an«l  it  is 
hoped  that  the  present  translation  will  meet  the  want,  long  felt  in  this  conn tj-y,  of  a  manual  of 
midwifery  embracing  the  latent  scientific  researches  on  the  subject. 

TILT. 

A  Hand-Book  of  Uterine  Therapeu- 

tica  and  of  Diseases  of  Women. 

By  EDWARD   JOHN  TILT,  M.  D., 
Member  of  the  Royal  College  of  Physhians;  Consulting  Physician  to  the  F-irringdon  General 
Disnensary ;  Fellow  of  the  Royal" iUed leal  and  Chlrui-gicaf  Society,  and  of  several  British  and 
foreign  societies. 

1  voL,  8vo.   345  pp.   Cloth,  $3.60. 

Second  American  edition,  tlioroughly  revised  and  amended. 

"In  giving  the  result  of  his  hbrrs  to  the  profession  the  author  has  done  a  great  work.    Onr 

Rsdcrs  will  find  its  pages  very  interesting,  and.  at  the  end  of  their  task,  will  feel  irniteful  to  the 

aathor  for  manr  very  valuable  suggestions  as  to  the  treatment  of  uterint*  diseases."—  Tft^  Lnncei. 

►r.  Tilt's '' Haud-Book  of  Tterine  Therar»eutlcs '  supplies  a  want  which  has  <»nen  l^evii  ML 

t  may,  therefore,  be  rvivX  not  only  wl in  pleasure  and  '    "      -.       .  ^     ...    .      .     —     -• 

vsnr  useAil  as  a  book  of  n'feiviuu).**— 7!m  MtdiecU  Mirror, 

ftfl        -  ... 


J>r.  nirs  *  llaud-Dook  of  rterlne  llierarieutlcs    supplies  a  want  which  has  onen  beffi  ven. 
It  mav,  therefore,  be  re:ul  not  only  with  pleasure  and  instruction,  but  will  abw  b«»  Jbuiid 
useAil  as  a  book  of  n'feiviuu).**— 7!m  MtdiecU  Mirror, 
Second  to  none  on  tha  therspentics  of  uterine  disease.**— Jbiima/  qf  Obttetrici. 
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VAN  BUREN  AND  KEYES. 
A   Practical  Treatise  on  the   Surgical 

DUea»€B  of  the  G en Uo- Urinary  Organs^  including  tSyphi' 
Us,  Designed  as  a  Manual  for  Students  and  Ptactition^ 
era^     With  Engravings  and  Cases. 

By  W.   H.  van   BUHKX.  A.  M .  U,  D , 

Profbiior  of  rH»iel|>k9  of  :^»inri'ry.  with  l)i*caf*^3  of  ih^  ^MUlTo-Urtiiiuy  8v»t<'m  ttml  Clinical 
Bur^cTV',  lit  Ddk'SUiH  ll*w|ilUil  McUlcai  Cwtityv;  UoUsuillDj;  burifvoii  LolLtflivtw  Wirk  litw- 

FrototiOr  af  Dprrnatol<.Sr>- In  Jli-llevuc  Tlo^pUiit  Mn-llcnl  Cul^n*:  SurRtPoa  to  Ihe  ClwHly  Ho*" 
plUL  VcDiTLMl  UiJicdKud  i  Cutuitilliug  DciuiulaliiguiL  tu  iLi;  JJuitfau  uf  Uut'Duur  HcU^jC^^ 
irUtf  JlMt|4Ul,  etc* 

1  TOt|  6vo.    Cloth,  Sd.OO ;  Sheep,  §6.00. 

ThLi  work  ia  roaU y  a  compendium  of,  and  ft  book  of  reference  to,  all  modem 
fTorkfi  trctttbig  in  uny  way  of  the  Hurgioal  dueaeeB  of  the  gomto-uiiniuy  orgnnA.  At 
tlio  Mmo  time,  no  othor  iiinglo  book  contains  bo  Inrge  an  array  of  (frigimU  facta  eon- 
£«mmg  the  doaa  of  dkeoBea  with  which  it  du&ls.  Those  facta  ore  liirgel/  drawn 
from  the  extensive  and  vmiod  experience  of  the  authors. 

Many  important  branches  of  genl to-urinary  diaeoses,  oa  the  cutaneous  maladies 
«f  the  penie  and  ftcrotuin,  receive  a  thorough  and  exljauijtivo  treatoiont  that  the  pro- 
fosaioual  reader  will  aearch  for  elsewhere  in  vain. 

The  work  ia  elegantly  and  profusely  illustrated,  and  enriched  by  flfty4lT« 
<nl^nal  c&sos,  setting  forth  obscure  and  difficult  points  in  diagnosis  and  treatmeati* 

**Tb0  fSnl  part  Ia  devoted  to  t|]«  SuiYieti];  Blac^afles  of  the  Genito-Urfoory  Orgasi;  ood  nvt 
•cconU  treats  of  CUAOcroid  adU  gyjiliUls.  Tlje  autbora  *opii«ar  to  baT«  «ucc!«oded  Aflmtrabgr  la 
g{\  Ittr  lo  tbo  world  im  cxhauitlvo  and  rclbble  Lrcatlie  on  tJiii  iraportoat  diM  of  dlscsMS.*^'^— 
jitntnwtMt^m  MedUai  and  Surgical  JcurnaL 

"It  b  a  most  couipk>te  dii^esi  of  %rhat  baa  long  btfcn  known,  and  of  wlut  liu  been  UKirs  f«» 
«£'ntly  dUcovcPcd,  iu  tbe  tteld  of  nyphlHtla  uid  genJto-urtnary  dlMirderft.  It  Is  p«rUap«  not  §■ 
«j[iiirgc'nition  to  aay  that  nu  ftlni;k>  work  upon  tbo  same  subiect  bos  vet  appear«d^  In  tlus  or  any 
fUrul^n  lanjj^unge,  wljitb  U  sufwHor  lo  IL**—  Chicago  Mt*HcQl  Ekatfiinfr. 

"Tht^  coruuiJ^ndiiig  repiiLiitio&  of  Dr,  Van  Bitn-it  io  this  i^|KdAky  nnd  of  tbe  proit  Mbool  and 
bi>i|iltal  firniii  whidi  ho  htm  drawn  bin  ellatcaJ  lIla^e^iate^  tu;;eiher  with  tbo  gcDeral  tntei«st  wbJdi 
StLichcft  to  tb«>  Kubjcetmaltcr  lt*elt  will,  we  trust,  lead  very  many  of  tboM  fbr  whom  It  It  <nir 
4iitt)ce  tu  cater,  to  ]>oasess  tbcm»e]ves  at  once  of  tiio  voliuiift  and  uirtn  tbetr  own  oplalo&S  of  Its 
tntitur—AUaMa  MeUicoi  and  Surgical  Journal, 

Lectures  upon  Diseases  of  the  Rectum. 

Delivered  at  the  Bellevue  Hospital  Medical  College. 
Session  of  1869-'70. 

By  W,  U.  yak  BUREK,  M.R, 
1  voh^  I^mo.     164  pages,     Cloth|  11.50. 

**  It  Mems  bsrdlj  necMsary  to  more  thAn  mention  tbe  name  of  tb«  auibor  of  Uila  odmlnbli 
Uttls  volnine  In  order  to  Insuro  iht  cbvacler  of  bis  book.  No  one  In  Uil4  coootry  boa  enjoyvd 
arestcr  advantai^n,  and  tuid  a  mora  «xtontlve  Acid  of  obaerratlon  In  tbla  apodalty.  tima  Dr* 
Yaa  Biirdn,  and  nu  odo  baa  paid  tb«  sams  omoonl  of  attentton  to  tb«  cnbl^dt,  .  ,  .  Hate  la  the 
aaperieiioe  of  yeara  •nif>ni«d  up  ind  glran  to  tha  prafeiaioaai  wofJd  In  a  pUm  tod  pracUeol  taoA* 
»K.**^I^pcMogical  Journal. 
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VOGEL. 

A  Practical  Treatise  on  the  Diseases 

qf  Children.  Second  American  from  the  fourth 
German  Edition.  lUvst/rated  by  Six  Lithographic 
Plates. 

By  ALFRED  VOGEL,  M.  D., 
PfeofcMor  of  CllBiflil  Medicine  In  the  Unlverttty  of  Dorpat,  Bvailk 

TRANSLATED  AND  EDITED  BT 

n.    RAPHAEL,    M.  D,, 

Lite  Hooee  Surgeon  to  BeDeme  HoeplUl ;  Fhyilclan  to  the  Eeeteni  Dtepenaezy  i>r  Ibe  DiMMit 
of  Children,  ete^  etc 

1  TOL,  8to.    611  VP.    Cloth,  $4.60. 

The  work  is  well  up  to  the  present  state  of  pathological  knowledge ; 
complete  without  onnecessary  prolixity;  its  symptomatology  accurate, 
evidently  the  result  of  careful  observation  of  a  competent  and  experi- 
enced clinical  practitioner.  The  diagnosis  and  differential  relations  of 
diseases  to  each  other  are  accurately  described,  and  the  therapeutics 
Judicious  and  discriminating.  All  polypharmacy  is  discarded,  and  only 
the  remedies  which  appeared  useful  to  the  author  commended. 

It  contains  much  that  must  gain  for  it  the  merited  praise  of  all  im- 
partial judges,  and  prove  it  to  be  an  invaluable  text-book  for  the  stu- 
dent and  practitioner,  and  a  safe  and  useful  guide  in  the  difficult  but  all- 
important  department  of  Pasdiatrica. 

**  Rapidlj  passing  to  a  fourth  edition  in  Germany,  and  translated  into  three 
other  languages,  America  now  has  the  credit  of  presenting  the  first  English  vorw 
sion  of  a  book  which  must  take  a  prominent,  if  not  the  leading,  position  among 
works  devoted  to  this  class  of  disease.'* — N,  Y.  Medical  Joumat 

"  The  profession  of  this  country  are  under  many  obligations  to  Dr.  Raphael 
for  bringing,  as  he  has  done,  this  truly  valuable  work  to  their  notice.**— J/etftea^ 
Jucord, 

"The  translator  has  been  more  than  ordinarily  successful,  and  his  labors 
haTe  resulted  in  what,  in  every  sense,  is  a  Taluable  contribution  to  medicai 
•cience.*'— AycAofoyicfl/  Journal, 

"We  do  not  know  of  a  compact  text-book  on  the  diseases  of  children  more 
complete,  more  comprehensive,  more  replete  with  practical  remarks  and  scientifio 
facts,  more  in  keeping  with  the  development  of  modem  medicine,  and  more 
worthy  of  the  attention  of  the  nrofession,  than  that  whieh  has  been  the  subject 
of  our  remarks.**— JS>urrM/  of  OUtetrim, 
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WALTON. 
The  Mineral  Springs  of  the  United 

Staies  and  Canada^  with  Analyses  and  Notes  on  ths 
Pi^ominent  Spas  of  Europe^  and  a  List  of  Seorside 
Resorts.    An  enla/rged  and  revised  edition. 

By  GEORGE  E.  WALTON",  M.  D., 

LMtarer  on  Materia  Medica  {n  th«  Miami  Medical  CoUe^  dndnnatL 

Saoond  Edition,  reyiied  and  enlarged.  lToL,12mo.  a90pp.,withMapf.  $3.00. 

The  author  has  given  the  analyses  of  all  the  springs  in  this  country  and 
those  of  the  principal  European  spas,  reduced  to  a  uniform  standard  of 
one  wine-pint,  so  that  they  may  readily  he  compared.  lie  has  arranged 
the  springs  of  America  and  Europe  in  seven  distinct  classes,  and  de- 
icribed  the  diseases  to  which  mineral  waters  are  adapted,  with  refer- 
ences to  the  class  of  waters  applicable  to  the  treatment,  and  the  pecul- 
iar characteristics  of  each  spring  as  near  as  known  are  given — ^also,  the 
location,  mode  of  access,  and  post-ofi5ce  address  of  every  spring  are  men- 
tioned. In  addition,  he  has  described  the  various  kinds  of  baths  and 
the  appropriate  use  of  them  in  the  treatment  of  disease. 

EXTSACTS  FBOK  OPINIONS  OF  THB  FBE8S. 

"...  Precise  and  comprehensiTe,  presenting  not  only  reliable  analyses  of 
the  waters,  but  their  tberapeutic  value,  so  that  physicians  can  hereafter  adviss 
their  use  as  intelligently  and  beneficially  as  they  can  other  valuable  alterative 
agents.*' — Sanitarian, 

**  .  .  .  Will  tend  to  enlighten  both  the  profession  and  the  people  on  this 
question.** — N.  Y,  Medical  Journal. 

"...  Contains  in  brief  space  a  vast  amount  of  important  and  interesting 
oiatter,  well  arranpred  and  well  presented.  Nearly  every  physician  needs  just 
■uch  a  volume  " — Richmond  and  Lofilwille  Medical  Journal, 

"...  Fills  this  necessity  in  a  scientific  and  pleasing  manner,  and  can  be  read 
irith  advantage  by  the  physician  as  well  as  layman.** — American  Jour,  of  OUtetricg, 

UnvsaaiTT  or  Yomimxa,  t/iNM  9,  18TB. 

GiNTLEMKN :  I  have  received  by  mail  a  copy  of  Dr.  Walton's  work  on  the 
Mineral  Springs  of  the  United  States  and  Canada.  Be  pleased  to  accept  my 
thanks  for  a  work  which  I  have  been  eagerly  looking  for  ever  since  I  bad  the 
pleasure  of  meeting  the  author  in  the  summer  of  1871.  He  satisfied  me  thai 
he  was  well  qualified  to  write  a  reliable  work  on  this  subject,  and  I  doubt  not 
he  has  met  my  expectations.  Such  a  work  was  greatly  needed,  and,  if  offered 
for  sale  at  the  principal  mineral  springs  of  the  ooontry,  wUl,  I  believe,  coo»> 

mand  a  ready  sale.    Very  respectfully  youra, 

J.  L.  Cabkll,  M.  D. 
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WELLS- 

Diseases  of  the  Ovaries  ;  Their  Diagnom 

amd  TreatmerU. 

Bj  T.  SPENOER  WELLS, 

PaOow  and  Member  of  Ooandl  of  the  BovaJ  Oollege  of  Bargeonf  of  Engtoad ;  Honoruy  FaDofW 
of  the  KlofTuid  Queen's  OoUoge  of  Phyilciaiui  Is  Irekmd;  Burgeon  In  Ordinarr  to  tb« 
Queen's  nousehofd ;  Burgeon  to  tbeSoinarlUin  Hospital  for  Women:  Member  of  the  Im* 
perlal  Bodety  of  Surgery  of  Paris,  of  the  Medical  Bodetv  of  ParK  «Dd  of  the  Medical  Bod- 
•ty  of  Sweden ;  Hitoorarr  Member  of  the  Roral  Sodety  of  Medical  and  Natural  Bdenof 
of^Brusaela.  and  of  the  Medical  Sodetles  of  Pesth  and  Melsingfors;  Uonorazy  Fellow  of 
the  OUtettlcal  BodeUea  of  Berlin  and  Leipzig. 

1  ToL,  8to.   478  pp.   Illastrated.   Glotli,  Prioe,  $4.50. 

In  1865  the  author  issued  a  ▼olume  containing  reports  of  one  hundred  and 
fourteen  cases  of  Ovariotomy,  which  was  little  more  than  a  simple  record  of 
facts.  The  book  was  soon  out  of  print,  and,  though  repeatedly  asked  for  a 
oew  edition,  the  author  was  unable  to  do  more  than  prepare  papers  for  the 
Royal  Medical  and  Chirurgical  Society,  as  series  after  series  of  a  hundred  casei 
accumulated.  On  the  completion  of  five  hundred  ca^es  he  embodied  the  result! 
in  the  present  volume,  an  entirely  new  work,  for  the  student  and  practitioner, 
and  trusts  it  may  prove  acceptable  to  them  and  useful  to  sufTcring  women. 

"  Arrangements  have  been  made  for  the  publication  of  this  volume  in  Lon- 
don on  the  day  of  its  publication  in  New  Tork."  French  and  German  trand»- 
iions  are  already  in  press. 

WAO-NER 
A    Hand-book  of  Chemical   Tech- 

noloffy. 

By  RUDOLPn  WAGNER,  Ph.  D., 

ProflBSSor  of  Chemical  Technology  at  the  University  of  Wortxbarg. 

TraniOated  and  edited,  from  the  eighth  Qerman  edition,  with  exteaiaiv 

additions, 

By  WILLIAM  OROOKES,  F.  R.  S. 

With  836  ninstrations.   1  toL,  Syo.   761  pagaa.   Cloth,  tS.OO. 

Under  the  head  of  MetaHnrfrlc  Chemlstiy,  the  latest  methnds  of  preparing  Iron.  OohaH, 
Flekel  Copnm*.  Copper  SaltSL  Lead  and  Tin.  and  their  Salts,  BiKmnth.  Zinc.  Zinr  Ralta.  Oad- 
flntum.  Antfinnny,  Arsenic,  Mereury.  Platlnnnv  Silver,  Ould,  Mantranau^s.  Alnmlnnm.  and 
Maffnt^nlnm.  arr  ileserfbed.  The  Tarioos  applications  of  the  Vnltalc  Cnrrent  to  Klentm-Metal- 
lurarr  fnllAw  nnd<T  this  division.  The  preparation  of  Potash  and  Soda  Batta.  the  mannfartnre 
of  Bnlphnrir  Add.  and  the  recovery  of  Hulphiir  from  Soda  Waste,  of  ennnie  occnpv  promtn^ot 
places  In  the  conMlderntion  of  chemical  manufbctares.  It  Is  difUcnlt  to  ov«r-«KtfmAte  th#  mer- 
eantlle  valne  of  If  ond^s  process,  as  well  as  the  many  new  and  important  applications  of  Blsol- 
phide  of  Carbon.  The  mannflM*ture  of  i^uap  will  be  found  to  Include  much  detail  The  Tech* 
nolocv  of  Olaas,  Stone-ware.  Limea.  and  Mortars,  will  present  much  of  intm«st  tn  the  Builder 
and  Rnirlneer.  The  Technokifn^  of  Ve^table  Fibres  has  l»een  considered  u*  iwlndc  th«»  pre». 
aration  of  FUx.  Hemp.  Cottoa  as  well  as  Paper- maklnjr:  while  the  ap|>Hcations  of  V  eiretahw 
Prndncta  win  be  found  to  hHdude  Snirar-bolllnff.  Wine  and  Beer  Brewinir.  the  DiHtillatlmi  of 
flplrlts,  the  BakinfT  of  Bread,  the  Preparation  of  Vlnejrar.  the  Preservation  of  Wo«id.  *tc. 

I>r.  Warner  irlves  much  Information  In  reference  to  the  production  of  rotaah  fWim  Soirar 
ivfldnes.  The  nse  of  Baryta  Salts  Is  also  faUj  described,  as  well  as  the  prcitaration  of  Bucar 
from  Beet-mota.  Tanning,  the  Preservation  of  Meat,  Milk,  etn^  the  Prei*araUon  of  Pboepho- 
raa  and  Animal  Charcoal  are  considered  as  belonging  to  the  Technology  of  Animal  Prodoetft. 
The  Praparatkm  of  Materials  for  Dyetag  haa  necessarily  required  mnoh  snace :  while  the  flail 

"  -  -  of  the  book  hare  boon  dorotod  to  Iho  Teehnokigy  of  Heatiiig  and  I  Uomiaatioa 


THE  NEW  YORK  MEDICAL  JOURNAL 

JAMES  B.  mrJVTER,  M.  D.,  Editor. 
Published  Monthly.   Volumes  begin  in  January  and  July. 


**  Auionf  tho  tiumcrousi  rM^nls  or  Modlcftie  uud  lUi  iuiluLvml  icicncra  ptibUehed  la  Aowffoi^ 
the  ibuvcs  Jouraat  occupies  a  tlgh  posltloo,  and  dc**nre<lly  tKiJ^—TTu  JUincei  (London). 

*UDf!  cf  tlie  best  tnt-dlcnJ  foiimalfi,  ly-tbe-by^  [lUbUfthcd  OQ  tlie  AmcrJcjua  CojiUjQenU^<—X(Ni> 
d<fn  Mtdlcai  limff      ^  ^    -'v. 

**  A  vory  hlgb-^  i  TjOtuUm  Medie<d  Mirror* 

^'Tbc  editor  miil  trs  rank  auiotig  orur  luost  dtfiUngrQlsbcd  medJ<aJ  meiL  «nd  (qcIi 

natobcr  rontAlna  muu^i  ^l^.^;  uvaja  honor  to  Aincncaa  mcdleil  \i\xttXjwb.'^^^Boston  Journal  of 
Cfkfnhfi-y, 

'*  Foil  of  T&laablft  orlgliml  cMpc^FS,  iibotindlnfr  fn  ftelctiuflc  fihl\ttj,"'^Chicoff<i  Mtdical  Thnet 

*'  We  know  no  other  f^rkxilail  tiiat  w«  xvotiJd  nilb«r  jtreseut  m  a  appcliti«ti  of  AtZMrleaii  ftkiL 
■od  InteUijreiico  than  tb«  New  To&e  Mxmcal  Joo&KAt.'^ — /VonA/in  KipotitOfy^ 

*'T1io  Kkw  Tokc  MjKDiflAt  JocTRHJtL^  edited  by  Dr.  James  B.  Hunter,  !■  one  of  til*  «t«imaf 
perlodUiiitA  of  thli  coutitrv.  The  pnatat  e<Ut4ir  boa  ffreally  ImnroTed  tba  work,  and  •▼Idom  * 
iniu-kcd  nptJtode  fbr  the  re.^ponalbfa  duties  to  w«1t  dlRcbAt|r<^.  The  eontentm  of  tiili  tonrna]  ftt« 
Alwftrs  lfit«mtlnf  ft&d  ln^tructlye ;  Itt  oflirlciU  miltfr  ts  oflcD  cUaslo  In  TBhu,  uid  toe  leleeti*! 
luHolet  ftre^  axoeJlciii  expooent*  0/  the  progrou  and  timtb  of  modlcAl  »oiiuioe.*''J?<Maio«ii  amd 
LouU^tUe  Mtdteai  Journal, 

Terms^  t^.OO  per  Annam;  or  40  Cents  pt^r  Number* 
— ^ — ^  — -^-^ 

THE  POPULAR  SCIENCE  MONTHLY. 

Cumlwcted  hy  Prof.  E.  L.  TOUMJJTS. 

Each  Number  contains  126  pages,  with  numerous  Descriptive  and 
Attractive  Illustrations* 

Published  Monthly.   Volumes  begin  in  May  and  November, 

TeriU!i^$a  per  Aiinnm*  or  Fifty  CenlJ*  por  Nnmbtrr 


TsB  Por'Ti.&m  Sctntcs  MoirTDi.T  wsi  vtartcd  to  promote  the  dlfftiiloD  of  riluiblo  •cleniint 
kaotrledge.  In  »  reiulAble  and  nttmctiTO  fortn,  ■tnotig  All  cIaa««a  of  U^e  coomianlty,  Bad  tiAt  tJiui 
tu  net  A  want  suppUed  hy  do  other  periodica)  in  tlie  UqUchI  States. 

The  Rreal  featiire  of  thV  mAgadne  ia,  that  Ua  coiitntita  ore  not  what  adenee  w(U  Uo  or  won 
fmn  Bibce.  bat  wbnl  It  it  to-day,  fi^Ab  trmo  the  »tudj,  the  laboratory,  and  tlie  experiment: 
eVolbed  In  the  Language  of  tbe  authora,  lDTeiito»,  and  AclentlcUi  tlicmarlveji,  «-liJeh  compHae  tit* 
leactVng  rotcila  of  Eoglaiid.  FraDoe,  OiirniAiiy,  and  the  United  States.  Among  popular  artlcloi^ 
ooverlog  tbe  whole  range  of  NATtrsa^L  Scizxcs,  we  have  the  toCiit  tboujihLa  and  uorcJa  of  tier* 
b«rt  BpeiMser,  and  lYofea^orf  UuxJoy,  TyndaH  and  R.  A.  Tnjctor,  Since  the  start  It  ha*  pirored 
•  frttUVing  anooetA  to  rrcry  frknd  of  aclcuUflo  progreaa  and  iinlTen&l  educaiioo ;  asd  thoae  wh* 
leUerM  that  luAeuoe  could  uot  be  niAde  any  ttiLn)?  but  dry  Attidj,  are  dlaap|N>lnt«d. 

^rhe  presa  all  over  the  Jftad  la  warmly  oommendlng  It  We  Aut^JoUi  a  Hbw  amoomlnma  flrooi 
tilf'so  rooenUf  glrcn: 

'*  A  Joomal  which  promtaea  to  be  of  eminent  TaJne  to  Ibe  canae  of  popular  adncattoa  la  OM 
eonntrv,"— *\  wr  Tork  Triinme. 

''  It  fa,  beyond  comparUon,  the  beat  attempt  at  JtoumaHaiu  of  the  kind  ever  made  In  thin  OVOM' 
trf .''— ftoww!  Joftmat, 

"The  Uiltlal  ouinbcr  1b  admirable  conatltutt'd-*'— i^Wiln^  Mail, 

*^  In  our  o[>tJilon,  the  rkgbt  Idea  liaa  b(>t^n  hji.pplly  hit  la  tlie  pha  of  Ihla  new  monthly.*"— Jl(^Uto^ 

"ifut  the  pabUoation  needed  at  the  preaont  day."— Jfonfmi/  OaMtit, 


Pitymcfit,  in  alt  co9cm,  muwt  tte  made  in  advmfte^t 

EemUtaneea  thou  14  be  made  by  poatal  money -order  or  cheek  to  the  ^llbUabett^ 

XI.   J^I>I>LETOIT  ^  CO., 

J(49  Jt  S5t  BrMiiiM'dy,  3*«^  r<»rJb* 
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